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ABSTRACT: A series of neutral and cationic heterotrimetallic complexes of the type fac-[Re(CO);(bipy(CC),-(AuL),)X]", where
bipy(CC), is 4,4’-alkynyl-2,2’-bipyridine, L is either triphenylphosphine (PPhs), [1,3-bis(2,6-diisopropyl-phenyl)imidazol-2-
lidene] (IPr) or tert-butyl isocyanide (CN'Bu) and X is a chloride (n = 0) or acetonitrile (n = 1) were synthesized and characterized
together with their Re(l) precursors, ie. fac-[Re(CO),(bipy(CC),)X]". X-ray diffraction of complexes 1, 3 and 6 corroborated the
expected octahedral and linear distribution of the ligands along the Re(l) and Au(l) centers, respectively. Luminescent studies
showed that all the complexes displayed a broad emission band centered between 565 and 680 nm, corresponding to a *MLCT from
the Re(l) to the diimine derivative. The presence of the gold fragment coordinated to the diimine ligand shifted in all cases the
emission maxima towards higher energies. Such emission difference could be potentially used for assessing the precise moment of
interaction of the probe with the biological target if the gold fragment is implicated. Antiproliferative studies in cancer cells, A549
(lung cancer) and HeLa (cervix cancer), showed a generalized selectivity towards HelLa cells for those heterotrimetallic species
incubated at longer times (72 vs 24 h). ICP-MS spectrometry revealed the greater cell internalization of cationic vs neutral species.
Preliminary fluorescence microscopy experiments showed a different behavior of the complexes in HeLa and A549 cell lines.
Whereas the complexes in A549 were randomly distributed in the outside of the cell, those incubated with HeLa cells were located
close to the cellular membrane, suggesting some type of interaction, and possibly explaining their cellular selectivity when it comes
to the antiproliferative activity displayed in the different cell lines.
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Molecular imaging is becoming one of the most important
techniques within the development of novel treatments in

medicine." This technique involves a non-invasive study of the
biological processes in vivo at cellular level, rendering highly |2+ N _

precise information. The key role would be the design of im- %\

aging agents that combined with drugs make them visible,
quantifiable and traceable over time. In this way, the devel-

Fiag4ure 1. Examples of luminescent bioactive heterobimetallic spe-
cies.”

opment and optimization of specific treatments would be
In general, the use of luminescent d® metal complexes in cell

easier and more effective. Within this framework, the design
of luminescent and bioactive heterometallic complexes offers
a clear advantage over monometallic or organic molecules.” It
can be hypothesized that the inherent properties of each metal-

lic fragment are prone to be modulated separately. Later, when
both fragments are combined, a synergistic effect would be
expected to take place, possibly intensifying their therapeutic
and traceability potential. In this particular regard, luminescent
d® metal complexes combined with bioactive Au(l), or Ru(ll)
species, analogues to Auranofin or RAPTA respectively,® or
just mimicking the coordination sphere of a specific drug,
have been demonstrated to fulfil the requirement for becoming
traceable luminescent and bioactive species, see figure 1.*

imaging® presents several advantages such as high photo-
stability that renders high robustness to reach the biological
targets intact. Additionally, they have long lived phosphores-
cence that allows time-resolved detection and their large
stokes shifts avoid self-quenching mechanism to take place.
Both features improve the signal/noise ratio and in conse-
quence deliver greater image resolution. In the specific case of
Re(l) complexes, the typical emissive structures are those
derived from fac-[Re(N~N)(CO)s(L)]”*, where NAN repre-
sents a diimine ligand and L a halogen or a N-donor ligand.
The emissive behavior is normally attributed to a metal-to-
ligand-charge transfer *MLCT) transition, where the orbital of
the diimine ligand is the main ligand contributor.® In addition,



in the recent years some rhenium tricarbonyl species have also
showed antiproliferartive potential in a wide range of tumor
cancer cell lines,” which could be used as a great input in the
design of novel metallic drugs. Different combinations of
Re(1)/Au(l) complexes have been described in the literature as
promising candidates for trackable anticancer drugs. Figure 2
shows some  examples of  heterometallic  fac-
[Re(bipy)(CO),(L-AuPPh,)]" complexes, where an imidazole
derivative or an alkynyl-pyridine derivative was used as linker
between both metallic fragments.® These heterobimetallic
complexes were proven to bear good cytotoxicity against
Ab549 lung cancer cells coming almost exclusively from the
bioactive Au(l) fragment. Also some analogues derived from
[(fac-[Re(bipy)(CO)3(L)]).Aul** where L is a ditopic P,N-
donor ligand have shown their suitability as trackable bioac-
tive species. In all cases the fac-{Re(bipy)(CO);} core was
providing the traceability potential.’
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Figure 2. Examples of Re(l)/Au(l) species.

In the search for the ultimate probe, it would be ground-
breaking to be able to detect the precise moment of the inter-
action with the biological target. For doing so, a clear change
of the emissive properties of the luminescent tag would be
ideal. Such change could be achieved if the interaction with
the biological target directly affects the emissive orbitals of
the luminescent tag. In the case of relying on Re(l) derivatives
for the traceability, a wise approach would be to introduce the
bioactive fragment within the diimine ligand, whose orbitals
are main ligand orbitals implicated in the emissive transition,
ie. MLCT. Therefore, it can be expected that once the com-
plex reaches the biological target and the chemical transfor-
mation occurs between the bioactive fragment and the biologi-
cal target, the emission would be clearly modified. The infor-
mation obtained from this interaction, could be used later to
structurally refine the bioprobe in order to maximize the ther-
apeutic potential. Thus, this work aims to develop the first
heterotrimetallic probes able to expose precisely the right time
of reaching and/or interacting with the biological target.

RESULTS AND DISCUSSION
Synthesis and Characterization

Selected bioactive Au(l) fragments will be directly grafted
onto the diimine ligand of species derived from fac-
[Re(Lun)(CO)3(L)]”" to allow detecting the precise moment of
interaction of the probe with the biological target.

In this context, 4, 4’-dialkynyl-2, 2’-bipyridine (Lyy) was
chosen as the linker ligand between both metal fragments.
Thus, Ly allows a direct electronic communication between
both metals and any modification within the bioactive gold
fragment, either disconnection from the luminescent tag (the
Re(l) fragment) or replacement of the gold ancillary ligand for
a biomolecule or any other residue will directly have a quanti-
tative effect on the luminescence.

Starting from the 4, 4’dibromo-2,2’bipyridine and following
the same procedure described by Grosshenny and coworkers,
Ly Was synthesized, see Scheme 1. After that, the Re(l) com-
plex 1 was obtained by heating together stoichiometric
amounts of Lyy and [Re(CO)sCI] in methanol. Subsequent
additions of the different gold(l) substrates, either
[Au(acac)(PPh3)] in dichloromethane or the respective chlo-
ride gold derivatives of 1,3-bis(2,6-
diisopropylphenyl)imidazol-2-ylidene (IPr) and tertbutyli-
socyanide CN'Bu in presence of a base in methanol delivered
the expected neutral heterotrimetallic complexes 2-4 respec-
tively, see scheme 1.

(2), L = PPhg;

(3), L=1Pr; (4), L = CN'Bu
Scheme 1. Schematic synthetic route for the preparation of Lyy and
the rhenium and gold complexes 1-4. i) TMSA, [Pd(PPhs),Cl,], Cul,
DIPEA, THF; ii) KF, MeOH; iii) [Re(CO)sCl] toluene, 80°C, 8h; iv)
[Au(acac)(PPhz)], DCM, rt, 3h or [AuCI(IPr)], KOH, MeOH, rt, 24h
or [Au(CN'Bu)CI], KOH, MeOH, rt, 1 night.

At this point, the poor solubility of complexes 2-4 was already
evident, which represents a serious drawback when it comes to
test these species for biological applications. Therefore, the
synthesis of the corresponding cationic complexes was at-
tempted by treatment of the chloride complexes 2-4 with silver
triflate in acetonitrile, scheme 2, route A. In this way, the axial
chloride ligand can be removed as insoluble AgCl and a mole-
cule of solvent (CH;CN) will be coordinated to the rhenium
metal center instead. Despite several attempts with species 2-
4, only in the case of complex 3 the removal of the chloride
and insertion of acetonitrile succeeded, leading to the for-
mation of complex 5. Conversely the same reaction with com-
plexes 2 and 4 afforded highly insoluble solids which could
not be characterized. It is known that alkynyl gold complexes
in presence of a silver salt can afford highly insoluble poly-
mers by coordination of the silver center to the alkynyl ligand
and also establishing metallophilic interactions with the gold
metals."® A similar explanation could be thought in the present



case. The less steric hindrance of PPh; and CN'Bu in compari-
son with that of the IPr ligand does not prevent the polymeri-
zation reaction to take place. Alternatively, a different strategy
was considered for the preparation of the cationic compound
derived from species 2 and 4, route B, Scheme 2. The abstrac-
tion of the chloride was performed on the rhenium precursor 1
rendering the cationic species 6. Then, coordination of the
gold fragment was performed using the same conditions de-
scribed before in Scheme 1 when complexes 2 and 4 were
delivered, i.e. [Au(acac)(PPh;)] and [Au(CN'Bu)CI] as gold
reactant respectively. Unfortunately, only compound 7 was
obtained. This time the handicap was the presence of a chlo-
ride ligand within the gold starting material, [Au(CN'Bu)ClI].
Complex 6 is highly sensitive to the presence of chloride lig-
ands in the reaction media and compound 1 was obtained
systematically, scheme 2, route B.
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Scheme 2. Schematic synthetic procedure and depiction of final
complexes (5, 6 and 7). i) AgOTf, CH3CN 40 °C, 1 night, ii) AgOTT,
CHsCN, 65 °C, 1 night; iii) [Au(acac)(PPhs)], CHsCN, rt, 3 h iv)
[Au(CN'Bu)CI], KOH, MeOH, rt.

Then, eventually four neutral (species 1-4) and three cation-
ic (5-7) metallic complexes were synthesized, being five of
them heterotrimetallic Re(I)/Au(l) species (2-5 and 7) and two
monometallic Re(l) based (1 and 6). All of them, have been
characterized by *H, *C{*H} NMR, FT-IR, UV-Vis spectros-
copy as well as mass spectrometry, corroborating the accom-
plishment on their synthesis. Additional *P{*H} NMR was
performed for complexes 2 and 7. Analysis of the CO stretch-
ing frequencies (v(CO)) of all the neutral complexes showed
strong CO stretching bands around 2010 -1885 cm™ which
corroborate the expected carbonyl facial arrangements.’® Al-
ternatively, those bands for species 5-7 appear at higher fre-
quency, around 2032 and 1917 cm?, indicative of the less
effective n-backbonding between the CO and Re(l) center of
cationic species. Moreover, heterometallic complexes lack of
v(H—CC) bands, which were observed for their rhenium pre-
cursors 1 and 6 at 3222 and 3202 cm™ respectively, indicating
the success in the incorporation of the second metallic frag-
ment. In all cases, *H NMR spectra were well defined and
showed the typical patterns for the bipyridine derivative coor-
dinated to a fac-Re(CO), core.™® Specifically, four set of peaks
were observed in the aromatic area integrating for two protons

each. In addition to these aromatic protons, also those belong-
ing to the phenyl groups in complexes 2, 3, 5 and 7 appeared
as multiplets. As expected, *C{"H} NMR spectra also showed
clearly the presence of the gold metal fragment coordinated to
the alkynyl carbon as the chemical shift for those Cg, atoms
ranged from 99.5 to 110.2 ppm, being their Re(l) precursors 1
and 6 at 87.3 and 79.9 ppm respectively, see table 1. Addition-
ally, *P{*"H} NMR spectra of complexes 2 and 7 showed a
single peak at 41.5 and 41.0 ppm, respectively, corresponding
to each phosphorus atom coordinated the different gold(l)
fragment. Further analytical data provided by mass spectrome-
try corroborated the accomplishment on the synthesis.

Table 1. Selected FTIR stretching bands (cm™), ®*C{*H} NMR and
#pL'H} NMR (ppm) chemical shifts of 1-7.

v(C-0) wH-CC) FP{'H} Tc{'H}(C,)
1 2016, 1884 3222 - 87.3
2 1998, 1884 41.5° 110.2°
3 2016, 1911, 1888 - 101.2°
4 2016, 1887 - 99.5°
5 2032,1917 - 101.7°
6 2034,1917 3220 - 79.9°
7 2029, 1905 41.0° 100.8°

BC{H} NMR and *P{"H} NMR were recorded in: a) dicloro-
methane-d2, b) acetonitrile-d3, c) acetone-d6, d) chlorofom-d1.

X-Ray Diffraction

Single crystals suitable for X-ray diffraction analysis of mon-
ometallic Re(l) complexes 1 and 6 were obtained by slow
diffusion of pentane and ether into a solution of DCM or chlo-
roform, respectively. In addition to them, the heterometallic
complex 3 also gave suitable crystals for X-Ray diffraction by
slow diffusion of hexane into an acetone solution. Relevant
crystallographic data are reported in table S1.

Complex 1 crystalized in a monoclinic crystal system with a
C2/c space group containing a Re(l) molecule together with a
co-crystalized chloroform molecule within the asymmetric
unit. As expected for these type of d° metal complexes, the
Re(l) coordination sphere can be described as distorted octa-
hedron, where the equatorial plane is formed by two carbonyl
ligands and the bipyridine group. The third carbonyl together
with the chloride ligand is placed in the apical axis. The source
of the octahedral distortion is mainly due to the constriction
given by the chelated ligand, whose bite angle is 75.0(1) in-
stead of 90° for an ideal octahedral geometry. The most rele-
vant bond distances and angles are described in Figure 3 and
all of them are within the range of values found for similar
complexes. Complex 6 crystallized in a triclinic crystal sys-
tem with a P-1 space group bearing two independent Re(l)
molecules within the asymmetric unit as well as their corre-
sponding triflate anion and a solvent pentane molecule. Once
again, the Re(l) coordination sphere is described as distorted
octahedron, following the same ligand distribution pattern
seen for complex 1, except for the chloride ligand which now
is substituted by an acetonitrile molecule bound to the metal
center through the nitrogen atom (Figure 3 right and S1).
Similarly, the octahedral distortion comes from the bite angle
of the Lyy, close on both cases to 75°. The angles and bond



distances for both Re(l) molecules within the asymmetric unit
are very similar, being in both cases the longer Re-N and Re-C
bond distances, these of the nitrogen belonged to the acetoni-
trile and carbon from the axial carbonyl ligand respectively.
The most relevant bond distances and angles are described in
Figure 3 (right structure) and figure S1.

Figure 3. Povray view of one of the Re(l) molecules present in the
asymmetric unit of complex 1 (left). Most relevant bond distances (A)
and angles (°): Re(1)-C(1) 1.928(5), Re(1)-C(2)  1.923(6),
Re(1)-C(3) 1.933(4), Re(1)-N(1) 2.170(4), Re(1)-N(2) 2.165(4),
Re(1)-Cl(1) 2.477(4); N(1)-Re(1)-N(2) 75.0(1), N(1)-Re(1)-C(1)
176.4(1). Povray view of one of the Re(l) molecules present in the
asymmetric unit of complex 6 (right). Most relevant bond distances
(A) and angles (°): Re(1)-C(1) 1.917(4), Re(1)-C(2) 1.931(4),
Re(1)-C(3) 1.923(4), Re(1)-N(1) 2.132(3), Re(1)-N(2) 2.161(3),
Re(1)-N(3) 2.179(3); N(3)—Re(1)-N(2) 75.30(11), N(1)-Re(1)—C(1)
175.77(15). Triflate counter ion has been removed for clarity.

Alternatively, the heterotrimetallic species 3 crystallized in
an orthorhombic crystal system and in a Pnma space group
together with a molecule of acetone from the crystallization
solvent mixture. The asymmetric unit is formed by half mole-
cule, denoting the symmetry of the structure. As in previous
examples, the rhenium metal center is disposed in a octahedral
environment with a N-Re-N angle of 75.1(3)°. As expected,
the gold atoms are coordinated in a linear fashion to the termi-
nal alkynyl carbon and the carbene carbon with an C(1)-
Au(1)-C(10) angle of 173.8(4). Relevant bond distances and
angles can be seen in Figure 4. The chlorine and a carbonyl
ligands coordinated to rhenium atom in trans positions have
been found to be disordered. They have been included in the
model in two sets of positions, but only one is shown in the
drawing and in the distances and angles below.

Figure 4. Povray view of complex 3. Most relevant bond distances
(A) and angles (°): Re(1)-C(8) 1.912(9), Re(1)-C(9) 1.99(5),
Re(1)-Cl(1) 2.408(7), Re(1)-N(1) 2.165(6); N(1)-Re(1)-N(1)
75.2(4), N(1)-Re(1)-C(8) 99.2(4), N(1)-Re(1)-C(9) 87.9(3),
CI(1)-Re(1)-C(9) 176.1(7); C(1)-Au(l) 1.998(9), C(10)-Au(l)
2.024(9); C(1)-Au(1)-C(10) 173.8(4).

Photophysical studies

UV—Vis absorption spectra were recorded for complexes 1-
7 in a dimethylsulfoxide solution at 298 K, see Table 2 and
Figure S2. All of them showed a similar absorption profile that
can be defined as a combination of ligand centered transitions
(*LC) at higher energies and a metal-to-ligand charge transfer
transition ("MLCT) at lower energies. Specifically, the absorp-
tion bands observed at approximately 270 nm and between
300 and 350 nm can be assigned to n—m*(bipy, Ph) and
n—*(C=C) transitions, in concordance with similar al-
kynylbisimine Re(l) derivatives described in the literature.”
Additionally, the broad band close to 400 nm, with a tail up to
450 nm in some cases, is attributed to Re(dw)—L(n*) transi-
tions. The extended tail of this *MLCT band is probably due to
the extended electronic delocalization among the alkynylbi-
pyridine derivative. In addition to the absorption measure-
ments, emission measurements for all the species were ana-
lyzed in dimethylsulfoxide at 298 K, figure 5 and the most
relevant data is collected in Table 2. Their emission patterns
are alike, a broad emission band with their maxima between
565 and 680 nm and the lifetimes value ranges from 12 to 302
ns. As expected, cationic species have their maxima blue
shifted in comparison with their neutral counterparts™® due to
the less electron density on the metal center that ultimately,
stabilizes the HOMO orbitals. In all cases the emission can be
assigned to a °MLCT transition  from the
dn(Re)—m*(diimine), which has been previously reported in
many rhenium(l) diimine tricarbonyl analogues.® It is worth
noticing that the heterotrimetallic analogues, both, the neutral
2-4 and the cationic 5 and 7, presented their maximum at
higher energies than their monometallic Re(l) precursors,
complexes 1 and 6, respectively. Such behavior has been
already seen for similar Re(1)/Au(l) species™"’ and it can be
explained based on the additional electron density that the
gold fragment renders to the diimine. Higher electron donation
into the diimine promotes the destabilization of the LUMO
orbital, which is mainly centered in this ligand. Thus, the gold
ancillary ligand nature and its ability to donate or withdraw
electron density can be used to fine-tune the emission of the
complexes, see Table 2."® Based on these data, if there was a
breakage or de-coordination of the gold fragment or even
substitution of the gold ancillary ligand when the interaction
with the biological target takes place, fluorescence spectrosco-
py would allow detecting the precise moment of such interac-
tion, which was one of the requirements for the devised
probes.
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Figure 5. Normalized emission spectra for complexes 1-7 in dime-
thylsulfoxide at 298 K.

Table 2. Absorption, emission, excitation maxima of 1-7 in
DMSO solution at 298 K.

Aaps/NM (10%/
dm®xmol™*xcm™)

Aem/NM 1/ ns
(Aem/nm)

680 (468) 12

Complex

1 261 (2.03), 308 (1.33),
333 (0.88), 398 (0.40)

2 276(4.23), 304(4.25), 340 651 (473) 80
(2.39), 395 (1.26)

3 272 (3.65), 310 (4.34), 635 (451) -
343 (2.44), 385 (1.07)

4 273 (3.66), 304 (4.99), 663 (477) 44
340(2.33), 390 (1.11)

5 272 (1.59), 289 (1.78), 565 (401) -
306 (1.18), 345 (1.88)

6 262 (2.93), 323 (1.42), 619 (437) 123
338 (1.51), 356 (0.67)

7 270 (3.31), 301 (3.33), 585 (421) 302

344 (2.17), 373 (1.15)

Antiproliferative Studies

The antipoliferative activity of complexes 1 to 7 was ana-
lyzed by MTT assay in the human lung cancer and breast
cancer cell lines, A549 and Hela, see table 3. The experi-
ments were performed at different incubation times, 24 h and
72 h as it is known that alkynyl gold derivatives need longer
times to reveal their cytotoxicity in comparison to auranofin
analogues (-SAuP-) or bisphosphines (PAuP) derivatives."
The fact that gold-carbon bond in alkyngll gold complexes are
one of the strongest gold-ligand bonds® might be the driving
force for delayed time action. There is a clear difference be-
tween the antiproliferative activity of monometallic and heter-
ometallic complexes, presenting the later higher cell selectivi-
ty towards HelLa cells at longer times. Moreover, greater cyto-
toxicity was seen for the cationic over neutral species. Specifi-
cally, the heterotrimetallic neutral complexes 2 and 4 showed
selective antiproliferative activity after 72 hours in the HelLa
cell line, with ICs values of 6.46 and 10.79 M, respectively,
whereas in the case of complex 3 the ICs, value was over 25
M. On the contrary, the neutral Re(l) precursor, complex 1,
already showed antiproliferative activity in A549 at 72 h as
well as in HeLa cells at 24 h. The same trend has been shown

by the cationic Re(l) complex 6, in these case with excellent
IC50 values (< 8 uM) probably because its higher solubility.
Regarding the cationic heterotrimetallic species, complexes 5
and 7, the selectivity towards inhibiting the proliferation of
HelLa cells was not as evident as for their neutral analogue
complexes 2-4, since complex 7 already showed a moderate
cytotoxicity in A549 at 72 h and HeLa cells at 24 h (c.a. 18
KM). However, it is clear that the mechanism of action of the
heterotrimetallic probes involves somehow the gold fragment,
which is what ultimately is providing the cell selectivity at
longer times. Otherwise, the ICs, values of heterometallic
complexes would be similar to those of their parent monome-
tallic Re(l) complexes, where time dependence and cell selec-
tivity was not clearly displayed. A closer look to the ICs,
values also suggests that the gold ancillary ligands influences
the cytotoxic behavior following the trend -PPh; > -CN'Bu > -
IPr, where the phosphine derivative is the most cytotoxic.
Their role in the mechanism of action, or the way that they
interfere within the internalization process of the probe might
explain such behavior. Gold ancillary ligands are able to mod-
ulate the cellular uptake considerably due to their different
lipo- or hydrophilic character, which is crucial for delivering
the cytotoxic agent.”*

Table 3. ICs values (uUM) of complexes 1-7 measured by MTT in
A549 and HeLa cells after 24 h and 72 h incubation.

A549-24h  A549-72h  HeLa-24h HelLa-72h
1 >25 18.51+3.71 17.01+1.84 7.15+0.47
2% >50 >25 >25 6.46+0.35
3 >50 >25 >25 >25

>50 >25 >25 10.79+0.48
5 >25 >25 >25 16.4+2.80
6 8.37+0.29 4.92+40.38 5104045  1.16+0.13
7° >25 17.52+1.40 18.8+1.15  2.35+0.06

In addition, the intracellular amount of Au(l) was analyzed
by ICP-Mass spectrometry for analogous neutral and cationic
heterometallic complexes, species 2 and 7 respectively in
HelLa cells. The analyses showed that the cellular uptake of
gold was double for 7 than for 2, revealing the importance of
the cationic nature for the internalization of the complexes, see
Table 4. Moreover, it is worth mentioning that 1Cs, values are
a combination of the intrinsic toxicity of the samples and their
ability of internalization and solubility in the biological me-
dia.?” Therefore, it seems clear that in this case, the ratio of
toxicity for cationic to neutral complexes is higher than the
ratio of uptake, corroborating that the intrinsic cytotoxicity of
cationic species are greater than that of their neutral counter-
parts.

Table 4. Quantity of gold (uM) measured inside HelLa cells by ICP
Mass spectrometry after incubation for 4 hours.

Complex pg gold/10° cells
2 1.420+0.014
7 2.207+0.017

Fluorescence Microscopy



Cell distribution of complexes 1-7 was studied by fluorescence
microscopy in A549 cells. In addition to them, either Li-
soTracker or MitoTracker were used as internal standard to
ascertain the localization pattern of the metallic species. Spe-
cifically, cell images were recorder after incubating 1-7 at 25
MM during 24 hours in order not to excess greatly the 1Cs,
concentration. The irradiation wavelength used was thorough-
ly selected depending on their specific excitation and emissive
properties, ie. Ae. = 474 nm and collecting the emission
between 490 and 590 nm for neutral and A, =405 nm and
emission window between 550-650 nm for cationic species.

In general, precipitation of the complexes was observed in the
extracellular region, which prevailed over accumulation inside
the cell, particularly evident for those complexes of neutral
nature 1-4 incubated at high concentration in A549. Figure 6
showed an example of the extracellular precipitate of the com-
plexes 1 and 2 respectively.
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Figure 6. Images of 1 (top row) and 2 (botton row) after incubation
with A549 (24 h) and LisoTracker Red-DND99 (30 min). (A) Image
after irradiation at 473; (B) after irradiation at 598 nm; (C) superim-
position picture of A, B; (D) superimposition with bright field image.
Green: complexes 1 and 2, Red: internal standard.

Moreover, a comparison between the images recorded for
complexes 1 and 2 (Figure 6) and for complexes 3 and 4 Fig-
ure S3), the four of them incubated with A549 cells in the
same conditions, clearly showed the lower solubility proper-
ties of species 3 and 4. Therefore, it can be suggested that the
gold ancilliary ligands of complexes 3 and 4, ie. IPr and CN"
Bu, greatly contributed to the low solubility of the compounds.
The cationic species 5 and 7 followed a similar trend as their
neutral counterparts when incubated with A549 cells, and only
precipitated complex was clearly seen in the surroundings of
the cells, see Figure S4. Alternatively, the monometallic rhe-
nium complex 6 incubated in A549 at 25 uM leaded directly
to cell death, see Figure 7, corroborating the low 1Cs, value of
8.37+0.29 uM found for this particular species.

Figure 7. Complex 6 incubated with A549 at 25 pM for 24 h.

In addition to the analysis of the distribution of complexes 1-
7 in A549 cells, further fluorescence microscopy studies were
performed in HeLa cells to evaluate the higher antiprolifera-
tive activity displayed in this cell line. Thus, complexes 1-7
were incubated with HelLa cells for 24 h, this time at 5 uM in
order to prevent a high percentage of cell death. Analogous to
the previous image assay, a considerable amount of precipitate
was observed in the outer cell membrane media for the hetero-
trimetallic species. The main difference with the previous
experiment (see Figure 6 and S3) is that most part of the pre-
cipitate is located very close to the cell membrane, see Figure
8 and S5. Therefore, it seems plausible to think that an interac-
tion with the membrane of HelLa cells could be taking place.
Despite that, none of the species could be seen inside the cell
and elucidation of their inner distribution or interaction could
not be made. The fact that no heterotrimetallic complex was
seen inside the cell could be due to either poor cell permeabil-
ity, low emission efficiency or even to emission quenching
processes.
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Figure 8. Images of 2 (top row) and 4 (botton row) after incubation
with HeLa (24 h) at 5 uM and MitoTracker Red (15 min). Red emis-
sion: MitoTracker, Green emission of complexes 2 and 4. (A) Emis-
sion of the complex 2 and MitoTracker; (B) Superimposition with
bright field. (C) Emission of the complex 4 and MitoTracker; (D)
superimposition with bright field image.



In a final attempt to shed a bit of light to the different anti-
proliferative character of the heterotrimetallic complexes in
HelLa cells in comparison with A549, a different experiment
was performed. This time the complexes were incubated with
Hela cells at 25 pM while reducing the incubation time to 4
hours in order not to disrupt the cell viability. The experiment
was only performed for the cationic species (5 - 7) due to the
low solubility displayed for the neutral species in the previous
assays as well as their lower internalization found by ICP-
mass spectrometry. Thus, monometallic Re(l) complex 6
revealed the cell immersed in a cell death process, which
corroborates the high cytotoxicity observed for this complex in
HelLa cells at only 24 h of incubation (5.10£0.45 puM) see
Figure 9. No solid was observed outside the cell suggesting
that the complex has been internalized.
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Figure 9. Images of 6 after incubation with HeLa (4 h) at 25 uM.

Following the same trend as before, when incubated at 5
pM, cationic species 5 and 7 got stuck and/or adhered to the
outer part of the cell membrane, see Figure 10. Such localiza-
tion pattern on HeLa cells, completely different from that seen
in A549 cells, where the solid was randomly distributed
through the outer cell media (Figure S4), might be the key for
the higher selectivity and cytotoxicity seen toward the HelLa
cell line. In addition, it is worth noticing that the presence of
the gold fragment is somehow implicated in such localization
pattern, since the monometallic Re(l) species complex 6 be-
haves completely different and no solid is distributed within
the surroundings of the cell, Figure 9 vs Figure 10. Therefore,
it can be concluded that the mechanisms of action of monome-
tallic rhenium and trimetalllic rhenium/gold derivatives differ
from each other. Moreover, it is feasible to think that the gold
fragment is the driving force towards the cell selective cyto-
toxicity and that differences on the membrane composition of
HelLa and A549 cells might be encouraging such differentia-
tion. In fact, cancer cells present lipid alterations in their cell
membrane.? Studies have shown variations of phospholipid-
to-protein, cholesterol-to-protein, cholesterol-to-phospholipid
ratios, as well as in the fatty acid composition of the phospho-
lipids of different cancer cell line membranes,?* which in this
case must be critical for the cell specificity of our heterometal-
lic probes.
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Figure 10. Images of 5 (top row) and 7 (botton row) after incuba-
tion with HeLa (4 h) at 25 uM and MitoTracker Red (15 min). Red
emission: MitoTracker, Green emission of complexes 5 and 7. (A)
Emission of the complex 5 and MitoTracker; (B) Superimposition
with bright field. (C) Emission of the complex 7 and MitoTracker;
(D) Superimposition with bright field image. at 25 uM for 4 h.

EXPERIMENTAL SECTION

General Measurements and Analysis Instrumentation.
Mass spectra were recorded on a BRUKER ESQUIRE 3000
PLUS, with the electrospray gESI) techniqaue and on a
BRUKER (MALDI-TOF). 'H, “C{'H} and *'P{"H} NMR,
including 2D experiments, were recorded at room temperature
on a BRUKER AVANCE 400 spectrometer (lH, 400 MHz,
3¢, 100.6 MHz, *'P, 162 MHz) with chemical shifts (8, ppm)
reported relative to the solvent peaks of the deuterated solvent.
Infrared spectra were recorded in the range 4000250 cm™ on
a Perkin-Elmer Spectrum 100 FTIR spectrometer. Room tem-
perature steady-state emission and excitation spectra were
recorded with a Jobin-Yvon-Horiba fluorolog FL3-11 spec-
trometer fitted with a JY TBX picosecond detection module.
Nanosecond lifetimes were recorded with a Datastation HUB-
B with a nanoLED controller and software DAS6. The
nanoLEDs employed for lifetime measurements were of 370
and 390 nm. The lifetime data were fitted using the Jobin-
Yvon software package and the Origin Pro 8 program. UV-Vis
spectra were recorded with a 1 cm quartz cells on an Evolution
600 spectrophotometer. The quantum yields were measured in
a Hamamatsu Photonics Quantaurus-QY 300-950 nm.

Crystal Structure Determinations. Crystals were mounted in
inert oil on glass fibers and transferred to the cold gas stream
of an Xcalibur Oxford Diffraction diffractometer or Bruker
Apex Duo equipped with a low-temperature attachments. Data
were collected using monochromated MoKo radiation (A=
0.71073 A). Scan type ®. Absorption correction based on
multiple scans were applied using spherical harmonics imple-
mented in SCALE3 ABSPACK scaling algorithm® or with



SADABS. The structures were solved by direct methods and
refined on F? using the program SHELXL-2016.%°

Antiproliferative studies: MTT assay. Exponentially grow-
ing cells (A549 or Hela) were seeded at a density of approxi-
mately 10° cells per well in 96-well flat-bottomed microplates
and allowed to attach for 24 h prior to addition of compounds.
The complexes were dissolved in DMSO and added to cells in
concentrations ranging from 50 to 0.5 pM or by 25 to 0.5 0.5
MM, in quadruplicate. Cells were incubated with our com-
pounds for 24 h or 72 at 37 °C. Ten microliters of MTT (5 mg
mi™) were added to each well and plates were incubated for 2
h at 37 °C. Finally, the growth media was eliminated and
DMSO (100 pl per well) was added to dissolve the formazan
precipitates. The optical density was measured at 550 nm
using a 96-well multiscanner autoreader (ELISA). The ICs
was calculated by nonlinear regression analysis.

ICP-Mass. Twelve-well plates were seeded with 10° cells
(Hela / A549) in 1.6 mL culture medium per well. Cultures
were incubated at 37°C in an atmosphere of 5% CO,/95% for
24 h. The culture medium was then removed and replaced
with 2 mL drug containing medium at 25 pM. After 4 h of
incubation at 37°C, the medium was removed and the cell
monolayer washed two times with phosphate-buffer saline.
Then 1 mL of a trypsine solution was added and the plate was
placed in the incubator for 5 min. 500 pL of fresh medium was
then added and the resulting suspension was pelleted in 1.5
mL eppendorf by centrifuging 5 min at 1200 rpm. The pellets
were re-suspended in 500 pL of fresh medium, and a 50 pL
fraction was separated for cell counting after staining with
Trypan Blue. The suspension was centrifuged again, the medi-
um was removed and 0.5 mL of concentrated aqua regia was
added for digestion overnight. The resulting solutions were
diluted gravimetrically with ultrapure water and analysed by
ICP-MS. Measurements were performed by an ICP quadru-
pole mass spectrometer (Elan DRC-e, PerkinElmer, Shelton,
CT, USA) equipped with a standard ICP torch, cross-flow
nebulizer, nickel sampler and skimmer cones and DRC. PTFE
vessels, micropipette tips, eppendorfs for digestion and poly-
propylene (PP) tubes were cleaned in 10% HNO; overnight
and rinsed thoroughly with ultrapure water.

Cell fluorescence microscopy study. European Collection of
Cell Cultures, were maintained in Hepes modified minimum
essential medium (DMEM) supplemented with 5% fetal bo-
vine serum, penicillin, and streptomycin. A549 cells were
detached from the plastic flask using trypsin-EDTA solution
and suspended in an excess volume of growth medium. 300 pl
of a homogeneous cell suspension was then distributed into p-
slide 8 well ibiTreat they were allowed to attach for 24 h prior
to addition of compounds. Then, 200 pl of culture medium
was removed and 100 pl of a solution of the corresponding
complexes were added to the cells up to a final concentration
of 5 or 25 uM. The complexes were incubated with the cells
for 4 or 24 h at 37 °C, depending on the experiment. Thereaf-
ter, 50 pl of MitoTracker Red or LisoTracker red-DND-99
was added up to a final concentration of 10 nM. They were
incubated with the cells for 15 min (Mitotracker) or 30 min
(lisoTracker) at room temperature. Eventually the medium was
replaced with fresh medium without phenol red. Preparations
were viewed using an Olympus FV10-i Oil type compact
confocal laser microscope using a x10 or x60 objective, with
excitation wavelength at 405, 473 and 559 nm.

Materials and Procedures. The starting material
[Au(acac)(PPhs)]” [Au(CN'Bu)CI],® [AuCI(PPhy)],*® and
[AuCIIPr]® were prepared according to literature procedures
and their experimental data agree with those reported.”*° All
other starting materials and solvents were purchased from
commercial suppliers and used as received unless otherwise
stated.

Synthesis of complex 1. 4,4’alkynyl-2,2’-bipyridine (Lyy) (129
mg, 0.632 mmol) and [Re(CO)sCI] (228.7 mg, 0.632 mmol)
were suspended in toluene (10 mL) and heated at 80 °C for 8
h. The suspension was cooled to rt and the solid was filtered
and then washed with a small amount of toluene and petrole-
um ether. The compound was obtained as an orange solid
(306.3 mg, 95 %). ‘H NMR (400 MHz, CDCl;) § 9.01 (d, J =
5.8 Hz, 2H, Hg), 8.20 (sbr, 2H, Hs), 7.55 (dd, J = 5.8, 1.7 Hz,
2H, Hs), 3.65 (s, 2H, H8). ®*C NMR (101 MHz, CDCI3) &
196.9 (s, CO), 190.3 (s, CO), 155.3 (s, 2C, Cg), 153.2 (s, 2C,
C,), 133.9 (s, 2C, C,), 129.6 (s, 2C, C3), 128.3 (s, 2C, Cy),
125.7 (s, 2C, Cs), 87.3 (s, 2C, C,). IR (v, cm-1): 3222 (C=C-
H), 3056 (CAr-H), 2107 (C=C), 2016, 1884 (CO), 1605
(CAr=N). HRMS (m/z): 5329685 [M-CI + Naj,
C17HCIN,;NaClO;Re (532.9664).

Synthesis of complex 2. To a stirred solution of complex 1 (13
mg, 0.0255 mmol) in DCM (25 mL) was added
[Au(acac)(PPh3)] (28.2 mg, 0.051 mmol). After 3 hours stir-
ring at rt, the solvent was reduced to minimum volume and
petroleum ether was added to afford a yellow solid. (yield 28.6
mg, 79%)."H NMR (300 MHz, CD,Cl,) & 8.78 (d, J = 5.8 Hz,
2H, Hg), 8.10 (d, J = 1.7 Hz, 2H, Hj3), 7.63 — 7.45 (m, 30H,
Ha, Ph), 7.41 (dd, J = 5.8, 1.6 Hz, 2H, Hs). °C NMR (75
MHz, CD,Cl,) & 198.47 (s, CO), 155.85 (s, 2C, C,), 152.76 (s,
2C, Cg), 137.62 (s, 2C, C,), 134.86 (d, %J p.c = 13.8 Hz, 12C,
0-C, Ph), 132.38 (s, 12C, p-C, Ph), 129.99 (d, *J p.c = 57.3 Hz,
6C, i-C, Ph), 129.86 (d, %J pc = 11.3 Hz, 12C, m-C, Ph),
129.86 (s, 2C, Cs), 126.37 (s, 2C, Cj), 110.60 (s, 1C, Cg),
100.22 (s, 1C, C;). ¥P NMR (121 MHz, CD,Cl,) & 41.5 (s).
IR (v, cm™): 3046 (Ca-H), 2107 (C=C), 1998, 1884 (CO),
1600 (Ca=N). MALDI-HRMS (m/z): 1391.1089 [M-CI],
C53H36AU2N203P2R6 (13911090)

Synthesis of complex 3. To a stirred solution of complex 1 (15
mg, 0.0294 mmol) and [AuCIIPr] (36.6 mg, 0.589 mmol) in
MeOH (5 mL) was added a solution of KOH (3.87 mg, 0.0588
mmol) in MeOH (3 mL). The mixture was stirred 24 h at r.t.
and then purified by alumina column chromatography employ-
ing ether/MeOH (97/3 to 93/7). The product was obtained as a
yellow solid. (yield 22.4 mg, 45%) 'H NMR (300 MHz, ace-
tone-d®) & 8.67 (dy,, J = 5.8 Hz, 2H, He), 8.22 (dy, J = 1.6 Hz,
2H, Hj), 7.81 (s, 4H, Hy), 7.61 (t, J = 7.8 Hz, 4H, Hy,), 7.45
(d, J = 7.8 Hz, 8H, Hy3), 7.24 (dd, J = 5.8, 1.6 Hz, 2H, H;),
2.72 (t, J = 6.9 Hz, 4H, Hys), 2.68 (t, J = 6.9 Hz, 4H, H,s),
1.39 (d, J = 6.9 Hz, 24H, CHy), 1.27 (d, J = 6.9 Hz, 24H,
CH,). ®C NMR (101 MHz, acetone-d®) & 199.26 (s, CO),
191.08 (s, CO), 189.94 (s, 2C, Cy), 156.34 (s, 2C, C,), 152.64
(s, 2C, Cg), 148.63 (s, 2C, Cs), 146.68 (s, 4C, Cy,), 139.06 (s,
2C, C4), 135.40 (s, 4C, Cy3), 131.41 (s, 2C, Cyy), 129.78 (s, 2C,
Cs), 126.91 (s, 2C, Cj), 125.32 (s, 4C, Cyg), 125.00 (s, 8C,
Ci3), 101.18 (s, 2C, C), 24.91 (s, 8C, CHj), 24.13 (s, 8C,
CHa). IR (v, cm™): 2111 (C=C), 2016, 1911, 1888 (CO), 1603
(Ca=N).

Synthesis of complex 4. To a suspension of complex 1 (40 mg,
0.078 mmol) and tert-butylisocyanide gold chloride (49.5 mg,
0.157 mmol) in MeOH (5mL) was added a solution of KOH



(10.3 mg, 0.157 mmol) in MeOH (1 mL) and the mixture was
allowed to react for 12 h at r.t. The solvent was then evapo-
rated and the residue dissolved in DCM. After filtration over
celite, the volume was reduced to 1-2 mL and ether was added
to precipitate complex 4 as a yellow solid (yield 64.5 mg,
77%). "H NMR (400 MHz, CDCl5) & 8.81 (d, J = 5.8 Hz, 2H,
H,), 8.04 (d, J = 1.6 Hz, 2H, Hs), 7.38 (dd, J = 5.8, 1.6 Hz, 2H,
Hs), 1.60 (s, 18H, Hyy). *C NMR (101 MHz, CDCly) & 197.52
(s, CO), 189.91 (s, CO), 155.37 (s, 2C, Cg), 152.40 (s, 2C, C,),
137.34 (s, 2C, Cg), 136.73 (s, 2C, C,), 129.58 (s, 2C, Cj),
126.07 (s, 2C, Cs), 99.50 (s, 2C, C;), 59.12 (s, 2C Cy), 29.94
(s, 6C, Cpy). IR (cm™):, v 2984 (Cy,>-H), v 2231 (C=N), v 2119
(C=0C), v 2016, 1887 (CO), v 1603 (Ca=N).

Synthesis of complex 5. To a stirred solution of 1 (leq, 22.6
mg, 0.013 mmol) in acetonitrile (5 mL), was added AgOTf
(1.1 eq, 3.7 mg, 0.014 mmol) and the reaction mixture was
allowed to react at 40°C overnight. The suspension was then
filtrated over celite, and the solvent was evaporated. The crude
was washed with ether three times to afford an orange solid
corresponding to 5 (18.4 mg, 75%). 'H NMR (400 MHz,
CD3CN) 5 8.64 (d, J = 5.8 Hz, 2H, Hg), 8.11 (d, J = 1.6 Hz,
2H, Hy), 7.64 (t, J = 7.8 Hz, 4H, Hy,), 7.54 (s, 4H, Hy), 7.46
(d, 3 = 7.8 Hz, 8H, Hy3), 7.28 (dd, J = 5.8, 1.6 Hz, 2H, Hs),
2.62 (quint, J = 6.9 Hz, 8H, His), 2.13 (s, 3H, Hig), 1.37 (s,
12H, CH3-IPr), 1.36 (s, 12H, CH3-IPr), 1.29 (s, 12H, CHs-IPr),
1.28 (s, 12H, CHs-IPr). ®C NMR (101 MHz, CD4CN) &
189.34 (s, 2C, Cy) 156.58 (s, 2C, C,), 153.84 (s, 2C, Cs),
148.49 (s, Cg), 147.01 (s, 8C, Cyp), 139.47 (s, 2C, Cy), 135.17
(s, 4C, Cyy), 131.66 (s, 4C, Cy4), 130.47 (s, 2C, Cs), 127.54 (s,
2C, C3), 125.28 (s, 4C, Cyy), 125.17 (s, 8C, Cy3), 101.68 (s, 2C,
C;), 29.63 (s, 8C, Cys), 24.82 (s, 8C, CHs-IPr), 23.99 (s, 8C,
CHa-IPr). IR (cm™): v 2961 (Cg,-H), v 2107 (C=C), v 2032,
1917 (CO), v 1602 (Ca=N). MALDI: 1643.4, calc. M-NCCH,
1643.5

Synthesis of complex 6. To a stirred solution of 1 (1 eq, 50 mg,
0.098 mmol) in acetonitrile (5 mL), was added AgOTf (1.1 eq,
27.8 mg, 0.108 mmol) and the reaction mixture was allowed to
react overnight. The suspension was then filtrated over celite,
concentrated and ether was added to precipitate a yellow solid
corresponding to 6 (49.6 mg, 76%). '"H NMR (400 MHz,
CD;CN) 6 8.98 (dd, J = 5.8, 0.6 Hz, 1H, Hg), 8.58 (d, J = 1.1
Hz, 1H, Hs), 7.74 (dd, J = 5.8, 1.6 Hz, 1H, Hs), 4.16 (s, 1H,
Hg), 2.05 (5, 3H, Hy). *C NMR (101 MHz, CD;CN) & 156.93
(s, Cy), 155.13 (s, Ce), 135.75 (s, Cy4), 131.28 (s, Cs), 128.14 (s,
Cs), 123.68 (s, Cy), 89.28 (s, Cg), 79.94 (s, C;), 3.99 (s, Cyy).
IR (cm™):, v 3202 (Cy,-H), v 2104 (C=C), v 2034, 1917 (CO),
v 1609 (Ca=N). HRMS (m/z): 516.0341 M", C;oH,;N;O;4Re
(516.0353)

Synthesis of complex 7. To a stirred solution of AL-298 (1 eq,
20 mg, 0.03 mmol) in acetonitrile (5 mL) was added
[Au(acac)PPh;] (2 eq, 33.6 mg, 0.06 mmol) with a change in
the colour of the solution from yellow to brown. After 3 hours
of reaction the solution was filtered over celite, concentrated
and ether was added to precipitate a light brown solid corre-
sponding to 7 (39.3 mg, 83%). "H NMR (300 MHz, CD;CN) &
8.80 (d, J = 5.8 Hz, 2H, Hg), 8.40 (s, 2H, H3), 7.65 — 7.50 (m,
16H, Ha + Hs), 2.06 (s, 3H, Hy). °C NMR (75 MHz,
CD3CN) 6 194.98 (s, CO), 191.73 (s, CO), 156.88 (s, 2C, C,),
154.12 (s, 2C, Cg), 138.81 (s, 2C, C,), 135.19 (s, 12C, o-C,
Ph), 133.08 (s, 6C, p-C, Ph), 130.86 (s, 2C, Cs), 130.57 (s,
12C, m-C, Ph), 127.69 (s, 2C, Cs), 123.31 (s, Cy), 100.82 (s,
2C, C;), 4.14 (s, Cyo). *'P NMR (121 MHz, CD,CN) & 40.88

(s). IR (cm™): v 3053 (Cg,>-H), v 2108 (C=C), v 2029, 1905
(CO), v 1600 (Ca=N). MALDI: 1391.0, calc. M-NCCH,
1391.1

CONCLUSIONS

In the search for a new family of metallic based-luminescent
anticancer agents that allow to detect the precise moment of
interaction with the biological target, three neutral and two
cationic heterotrimetallic Re(l)/Au(l) complexes were synthe-
sized together with their monometallic Re(l) precursors. A key
ligand, 4,4’-dialkynyl-2,2’-bipyridine (Lyn), Was used as
linker between the two type of metals, coordinating the rheni-
um atom through the nitrogen atoms in a bidentate mode and
the gold atoms through the terminal alkynyl carbons. Either,
triphenylphospine (PPhs), 1,3-bis(2,6-diisopropyl-
phenyl)imidazol-2-lidene (IPr) and tert-butyl isocyanide
(CN'Bu) were used as gold ancillary ligand in order to modu-
late the luminescent and/or bioactivity of the probes. As ex-
pected, all of them are emissive in the range of 565 — 680 nm
and the emission, mostly due to the Re(l) fragment, was as-
signed to a *MLCT transition from the dm(Re)—m*(Lyy). In
addition, heterometallic species displayed a blue shifted emis-
sion in comparison with that of their monometallic Re(l) coun-
terparts. This fact could be ultimately used to monitor an in-
teraction between 2-5 or 7 with a biological target, if such
interaction promotes the release of the gold fragment. Crystal
structures were obtained for species 1, 3 and 6, showing the
expected facial disposition of the tricarbonyl ligands and con-
firming the bidentate character of the Ly as well as the line-
arity of the gold coordination mode. Antiproliferative assay in
A549 (lung cancer) and HelLa (cervix cancer) cells revealed
three important features. Firstly, the improvement on the cyto-
toxicity values of the cationic species in comparison with their
neutral equivalents; secondly the enhancement of the toxicity
over time and finally, the general selectivity of the hetero-
trimetallic species towards HelLa cells with exception of com-
plex 3. ICP-mass spectrometry corroborated the greater cell
internalization of the heterometallic cationic species. Fluores-
cence microscopy assays were performed to elucidate their
distribution pattern and the different cytotoxic behavior in
both cell lines, A549 and HeLa. The low solubility especially
that of neutral complexes, was evident using this technique, as
lot of solid was randomly seen in the outside of the cells when
incubated with A549. On the contrary, for the heterotrimetallic
species in HelLa cells, the distribution of the complexes
changed. In this case, the solid was located very close, and
possibly interacting with the outer cellular membrane, which
might be triggering the selectivity and higher toxicity towards
HelLa cell line over A549. Such behaviour was not observed
for the monometallic Re(l) complexes, suggesting a different
mechanism of action. Therefore, the higher selectivity for
HeLa over A549 cells displayed by heterometallic species can
be associated to the gold fragment, which somehow is the
main responsible. Possibly a different composition of HelLa
and A549 cell membranes makes possible such differentiation,
making the heterotrimetallic species more sensitive towards
HeLa cell membranes. Future heterometallic probes, as in
general any species designed to become drugs, should consid-
er solubility in biological environments and targeting as one of
their main features to retain. For that, alternatives such as
introducing water soluble groups or even better, amino acid or



small peptides could deliver great advantages embracing solu-
bility and specific targeting.*
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Selective against Hela cells

Cell death

Synopsis

Luminescent Re(l)/Au(l) species were developed as selective anticancer agents for HeLa cells over A549 cells. The gold
fragment seems to play a crucial role in biodistibution, promoting cell membrane localization in HelLa cells and random
distribution in the extracellular region on A549 cells, which ultimately delivers the antiproliferative cellular selectivity.
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