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Towards the goal of generating new stabilized gold complexes as potent anticancer agents, we report
here a novel class of Au() agents from Au(i)-mediated C,r,—P bond formation captured within the same
complex by reacting a CAN cyclometalated Au(i) complex with bisphosphines. Cyclometalated Au(in)
complexes of the type [Au(CAN)CL,], where CAN represent different aryl pyridine framework reacted with
bis(2-diphenylphosphino)phenyl ether in refluxing methanol to access an unsymmetrical gold complex
featuring C—P coupling and Au(l)-phosphine. The complexes were characterized by H-NMR, BC-NMR,
and *P-NMR and mass spectrometry. The structures of the complexes were characterized by X-ray crys-
tallography and purity ascertained by HPLC and elemental analysis. The complexes demonstrate promis-
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ing anticancer activity in a broad panel of cancer cell lines of different tumor origin. Mechanistically, the
complexes induce apoptosis, generate mitochondrial ROS, depolarize mitochondrial membrane potential
and modulate mitochondrial respiration in cancer cells. Overall, we developed a new structural class of Au
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Introduction

Therapeutic gold (Au)-phosphine complexes have garnered
enormous attention over the past decades due to the clinical
utility of the oral FDA approved gold-containing drug,
auranofin."™ Auranofin possesses an Au(i) center coordinated
to a thiosugar (3,4,5-triacetyloxy-6-(acetyloxymethyl)oxane-2-
thiolate) and triethylphosphine in a linear geometry. The
approval of auranofin in 1985 for the treatment of rheumatoid
arthritis was accompanied by high remission rates and well
tolerability with patients.® Recent repurposing efforts of aura-
nofin in different disease indications such as cancer,®®
microbial,”*° parasitic,"'* and HIV,"*'* has spurned new
research directions in the discovery and development of gold-
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(1) complexes with promising anticancer potential with potential utility in other applications.

derived complexes for disease treatment. New gold-containing
structural scaffolds with sufficient stability and electro-
chemical character has the potential to drive new biological
mechanisms and attain therapeutic impact.”>'® To this end,
several Au(1)-phosphines have been synthesized as anticancer
agents."”*° The use of monophosphine and bisphosphines to
access neutral, cationic and multinuclear Au(1) complexes is
well precedented.>*>?

Synthetic strategies to generate new Au(i) scaffolds is crucial
for improved anticancer activity.”® One such approach to
obtain Au(i) complexes is reductive elimination from Au(ur)
salts or organogold(m) complexes.*® Initial work by Vicente
and coworkers showed the formation of biaryls via C-C coup-
ling with the release of Au(i)-phosphines from a diaryldiazo-
nium Au(m) complex.>® Toste et al. illustrated Au(u)-mediated
C-P reductive elimination from several phosphine-supported
organogold(m) complexes of the archetype [(R;P)Au(aryl)Cl,].>®
The work employed the reaction of organogold(m) with silver
salts or Lewis bases to generate C,n—P adducts by reductive
elimination. Seminal work involving the use of aryldiazonium
salts and H-phosphonates by dual gold and photoredox cataly-
sis leads to the irreversible formation of Cgy-P bonds.?” In
2019, work from our laboratory utilized phosphines to
promote intramolecular C-N bond formation with the conco-
mitant formation of a four-coordinate chiral Au(i)-phosphine
complex.” Later work by Casini and coworkers demonstrated

This journal is © The Royal Society of Chemistry 2024
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direct C-P bond formation by reductive elimination from the
reaction of [C"N]-cyclometalated Au(m) complex containing
benzoyl pyridine with excess 1,3,5-triaza-7-phosphaadaman-
tane (PTA) and KPF,.>® Whereas these examples of C-X (X = C,
N, P) coupling involving phosphine ligands may be associated
with the decomposition pathway in aryl Au(m)-mediated reac-
tion methods and catalytic transformations,®® we posit that
reductive elimination strategies can be leveraged to diversify
Au(1) complexes bearing phosphine ligands with unique
spatial and geometric structures.

In this work, we report on the synthesis and characteriz-
ation of novel unsymmetrical Au(1) complexes bearing bis(2-
diphenylphosphino)phenyl ether (DPEphos) ligands and evalu-
ated their anticancer potential in vitro. Structure elucidation
revealed that these complexes possess an arylated phosphorus,
often known as C-P coupling by the arylpyridine of the C"N-
cyclometalated Au(m) in one vertical plane and linear phos-
phine-Au(1)-Cl in another. The complexes demonstrate optimal
stability in reducing L-GSH conditions over 24 h. We tested
bioactivity of the complexes in several cancer cell lines from
breast, ovary, and lung origin and found significant cell killing
potential in these aggressive cancers that need more effective
therapies in the clinic. Further, the complexes induce apopto-
sis; generate mitochondrial ROS, and perturb mitochondria
bioenergetics and function. Taken together, a new class of Au
(1) phosphines with potent anticancer activity is reported. The
synthetic strategy proposed has the potential to generate mole-
cules of broad utility in probe, therapeutic, materials, and cata-
lytic applications.

Results and discussion
Rationale and approach

The unique reactivity of gold is derived from its unusual relati-
vistic effects because of an increased atomic nuclear charge,
penetrable 6s electron velocity into the nucleus, and expanded
mass leading to the separation of 6s and 5d orbitals.*® Applied
gold complexes exists predominantly in the +1 or +3 oxidation
states.”® Making useful gold-derived complexes for biological
applications require innovative reaction methods to generate
functionally stable gold complexes due to the relatively high
electrochemical potential of the Au®*/Au’" redox couple (i.e.
Au*" +2e” - Au'’, E° = 1.41 Vand Au'" + e” — Aug), E° = 1.69
V).?? Several strategies to stabilize the Au(i) center include the
use of strong c-donating ligands such as carbenes,*® N-donor
chelates,***° and phosphines.*’™** In fact, auranofin uses a
thiolate and phosphine to stabilize the Au(i) center. To develop
Au(1) complexes with improved therapeutic potential beyond
auranofin, descriptors such redox, geometry, coordination
number and ligand tuning need optimization. We posit that
structural composition and modification of Au(r) complexes
dictate biological function. Thus, we enlisted a phosphine
ligand, DPEphos that offers a wide bite angle upon chelation
to gold and leveraged its bidentate character to facilitate simul-
taneous C-P coupling and linear Au() center in one
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molecule.***° This strategy allows for electrochemical tuning,
complex stability, and expanded ligand sphere around the
metal center. Here, we rationalized that wide bisphosphine
ligands promote dual reductive elimination from [Au(C"N)Cl,]
and Au(i) phosphine trapping to afford arylpyridine stapled
phosphine Au(i) complex. We hypothesize that this new struc-
tural class will impart distinct biological properties in the
context of gold-derived probe/drug discovery.

Synthesis and characterization

The reaction to generate the novel carbon-phosphine stapled
Au(r) complexes under investigation in this report is described
in Fig. 1A. Different [C"N]-cyclometalated Au(ur)Cl, complexes
where C”N were phenylpyridine (STG-1), benzylpyridine
(STG-2), or benzoylpyridine (STG-3) were reacted with bis(2-
diphenylphosphino)phenyl ether (DPEphos) in methanol at
60 °C for 3 h. The reaction solution turned clear from an
initial slight yellow color. At the end of the reaction, the
solvent was removed in vacuo and subsequent recrystallization
from dichloromethane/ether resulted in compounds STG-1,
STG-2, and STG-3 (Fig. 1B). The strong c-donating character of
the phosphine ligand and high energetic conditions promote
reductive elimination from the Au(m) starting material, yielding
a C-P coupled product. However, the wide bidentate feature of
the phosphine ligand used allows for Au(i) coordination to the
other phosphine to form an overall unsymmetrical neutral
complex. It is conceivable that the first step of the reaction
involves ligand association of the bisphosphine ligand to the Au
() center in a cis-coordination fashion with a fifth axial chlor-
ido ligand coordinated to the Au(m) center. Subsequent C-P
coupling at the phosphorus site cis to the arylpyridine C,y,
bonded to Au(m) facilitates reduction to Au(i) with concomitant
bonding to the other phosphine cis to Npyyridine-

We characterized the three (3) complexes by 'H, *C, and *'P
{'"H} NMR spectroscopy (Fig. S1-S91), and high-performance
liquid chromatography electrospray ionization mass spec-
trometry (HPLC-ESI-MS) (Fig. S11-5S167). The purity of the com-
plexes was confirmed by elemental analysis and HPLC-ESI-MS.
The *'P{"H} of DPEphos have a single resonance at —17.93 ppm.
Upon coordination with the gold center, the resonance shifts
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Fig. 1 (A) Synthetic scheme to access novel C—P stapled Au() bispho-
sphine complexes studied in this work. (B) Structures of STG-1, STG-2,
STG-3.
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downfield to 20.26 ppm. The "H-NMR and "*C{'H} NMR of all
complexes show signals that are consistent with the compound
resonances. Taken together, the complexes reported in this
study was synthesized with detailed characterization by spec-
troscopy and their purity ascertained by both EA and HPLC
establishing rigor of the science put forth.

X-ray crystallography

Single crystals of STG-1-2 were grown by vapor diffusion of
diethyl ether into concentrated solutions of each compound in
dichloromethane at room temperature. X-ray diffraction was
used to elucidate the molecular structures of STG-1 (Fig. 2A)
and STG-2 (Fig. 2B). Formation of a C,,;—P bond is observed in
both structures and has consistent bond lengths of 1.809 A in
STG-1 and 1.804 A in STG-2 (Table 1). The adjacent phospho-
rous atom is bound to gold at lengths of 2.2234 A (STG-1) and
2.2254 A (STG-2). Gold is linearly coordinated with P-Au()-Cl
bond angles of 177.81° (STG-1) and 177.41° (STG-2). In all,
both structures are consistent in their geometric parameters.

Electrochemistry

The electrochemical characteristics of STG-1 and STG-2 was
ascertained by cyclic voltammetry in dimethyl sulfoxide
(DMSO) using tetrabutylammonium hexafluorophosphate [N
(Bu)4PF¢] as the supporting electrolyte. The cyclic voltammo-
gram of STG-1 reveals two major reduction events at —0.33 V
and —0.99 V versus the Ag/AgCl reference electrode (Fig. 3A).
Free DPEphos ligand did not show redox activity (Fig. S18 and
S21t), suggesting that both reduction events are due to the Au
(1) complex, STG-1. The reduction events may be attributable to
metal-ligand transfer or ligand-metal transfer events. It is
within reason that Au(i)/Au(0) reduction is possible. However,
no colloidal gold formation was observed. The other reduction
event could be attributed to ligand centered events due to ary-
lation of the adjacent phosphorous, a phenomenon previously
observed by Toste in C-P reductive eliminations.>® The voltam-
mogram of STG-2 has one major reduction event at —1.57 V
which likely corresponds to the Au(r)/Au(0) reduction potential

@..
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Table 1 Selected bond lengths and angles for STG complexes

P1-Aul Aul-Chi P2-C13 P1-Aul-Cl1
STG-1  2.2234(18)A  2.2778(18)A  1.809(4)A  177.81(9)°
STG-2  2.2254(10)A  2.2771(10)A  1.803(4)A  177.41(4)°
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Fig. 3 Cyclic voltammograms of STG compounds (5 mM) in DMSO
with [N(Bu)4PFg] as supporting electrolyte. Potentials are shown vs. Ag/
AgCL. (A) Voltammogram of STG-1 showing two reduction events at
-0.33 V and -0.99 V. (B) Voltammogram of STG-2 showing one
reduction event at —1.57 V. Data collected with a glassy carbon working
electrode and Pt counter electrode.

Fig. 2 X-ray crystal structures of (A) STG-1 and (B) STG-2. Ellipsoids are drawn at 50%. Hydrogens and solvent molecules have been omitted for

clarity.
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of this molecule (Fig. 3B). The 500 mV difference between
STG-1 and STG-2 reduction potentials highlights how choice
of ligand can confer distinct electrochemical properties to a
molecule. We believe that the benzylpyridine that is Cguny-P
stapled destabilizes the Au(i) center, which results in the more
negative reduction potential observed when compared to
STG-1. Laguna has explained some of the intricate ligand
effects on the electrochemical nature of Au(ur) and Au(i) com-
plexes,”” and we believe the choice of arylpyridine ligand used
in the Cuy—P coupling could add an interesting layer of com-
plexity that warrants further investigation. The results of this
electrochemical study demonstrate the intriguing electro-
chemical behavior of this class of compounds. More impor-
tantly, these complexes appear to be relatively stable towards
reduction in solution as evident by their negative reduction
potentials of —0.99 V (STG-1) and —1.57 V (STG-2). This electro-
chemical stability may impart distinct biological effects and
utility. Of note, auranofin does not convey redox properties.

Stability against biological reductant L-GSH

A key player in cellular defense against oxidative stress is gluta-
thione (L-GSH) and it is one of the most abundant bio-
molecules in cells.*®*° Glutathione contains an electron donat-
ing thiol (-SH) group, allowing it to scavenge harmful reactive
oxygen species in cells. Mechanistic studies into Au(1) com-
plexes in biological environments demonstrate the propensity
for Au(1) to participate in ligand exchange reactions with bio-
logical nucleophiles, such as thiols.>® Because of this, we
deemed it necessary to examine the solution stability of STG-1
towards biological nucleophiles such as L-GSH. We incubated
STG-1 with an excess of L-GSH at 37 °C in DMSO-dg and moni-
tored for changes in the "H NMR spectra that would be evident
of GSH oxidation (Fig. S117). In all "H-NMR spectra recorded,
there is an observation of proton resonances near peaks of
L-GSH and at 6.81 ppm, which can be attributed to exchange
interactions between the Au() atom of STG-1 and thiol of
L-GSH. Spectra recorded from 0 to 6 hours show intact gluta-
thione cysteine a-CH (4.36 ppm) and $-CH, (2.66 ppm and
2.80 ppm) proton resonances, indicating that L-GSH remains
unoxidized and the Au(i) center in STG-1 may be resistant
towards rapid reduction by biological nucleophiles. Starting at
12 hours, new proton resonances at 3.11 ppm and 4.52 ppm
are observed and increase in intensity in the spectrum taken at
24 hours. The new peaks are likely due to shifts from the
cysteine a-CH and p-CH, proton resonances upon oxidation of
L-GSH to GSSG. It is of note that no major changes in the
proton resonances of STG-1 are observed after 24 hours incu-
bation with excess L-GSH. These results demonstrate that
STG-1 and this class of compounds may maintain solution
stability in the presence of cellular nucleophiles, an important
quality that could have positive implications in vitro or in vivo.

In vitro cytotoxicity

Biological activity of the three compounds was first assessed in
a panel of cell lines with the colorimetric 3-(4,5-dimethyl-
thiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT) assay. We

This journal is © The Royal Society of Chemistry 2024
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used the cancer cell lines including breast, MDA-MB-468,
MDA-MB-231, SUM-159, were generous gifts from Dr Kathleen
O’Connor at the University of Kentucky and MCF-7 was gra-
ciously provided by Dr Yadi Wu at the University of Kentucky;
ovarian (OVCAR-3, A2780), and lung cancers (A549, H460,
H1299) were purchased from American Type Culture Collection,
ATCC. In this assay, MTT is reduced by metabolically active cells
and forms a purple-colored formazan product. After treatment
with compounds for 72 hours, cell survival was assessed by
measuring absorbance of solubilized formazan product, and
IC5, values were determined. We found that all three com-
pounds demonstrated potency in cell lines tested, with ICs,
values in the low pM range (Table 2). The compound STG-1
showed the highest potency across most cell lines. Hence, we
selected STG-1 as our lead candidate for further studies.

STG-1 induces apoptosis in SUM-159 cells

Au(1) agents have been reported to induce apoptosis,”" thus we
investigated the potential of our novel Au(i) complexes to
induce apoptosis as a mechanism of cell death. By utilizing
the dual-staining FITC-Annexin V/PI flow cytometry assay, we
observed that STG-1 promotes apoptosis in a dose-dependent
manner. SUM-159 cells treated with STG-1 for 24 hours show a
dose-dependent response in the increase of apoptotic cell
populations (Fig. 4A-E), which is marked by the increase of
Annexin V fluorescence intensity due to Annexin V engage-
ment with phosphatidyl serine flipped to the outer leaflet of
cells undergoing apoptosis. Quantification of the apoptotic
quadrants show that there was a 1.38% increase of apoptotic
cells at a treatment of 1 pM, and significant increases of 4.99%
(2 pM) and 8.94% (5 pM) compared to control (Fig. 4F). It is
likely that this class of compounds behaves in a manner con-
sistent with other Au(i) anticancer agents by inducing apopto-
sis, but its mechanism of action may be different.

STG-1 depolarizes mitochondrial membrane in cancer cells

To elucidate the mechanism of action of this class of Au(i)
complexes that leads to cell death, we sought to examine the
effect of the complexes on mitochondria. Mitochondrial mem-
brane potential (Ay,,) is a valuable descriptor of mitochondrial
health and the metabolic state of the cell. In healthy cells,
Ay, is maintained by the mitochondrial respiratory chain that
promote redox events for anabolic and catabolic processes.>>

Table 2 ICso values determined by performing the MTT cell viability
assay in a panel of cancerous cell lines. Data is the mean + S.D.

STG-1 STG-2 STG-3
MDA-MB-231 2.7 £0.39 3.0 £0.36 4.2+0.92
MDA-MB-468 0.37 +0.10 0.86 +0.08 0.68 = 0.19
A549 0.48 + 0.05 1.0 £ 0.07 0.65 % 0.07
H460 0.79 = 0.13 1.7 £0.17 1.3 +0.34
SUM-159 0.34+0.17 0.97 £ 0.20 0.37 £0.26
OVCAR-3 0.45 + 0.05 0.67 +0.04 0.38 +0.04
H1299 3.5+2.4 1.1+0.23 0.28 = 0.01
A2780 0.66 = 0.09 0.11 % 0.09 0.33 = 0.08
MCF-7 1.3 £0.22 0.76 = 0.08 0.55 % 0.15
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Fig. 4 Results from the FITC-Annexin V/PI assay. (A—E) Dot plots of representative populations of cells with different treatment of compounds. (F)
Bar chart of percentage of apoptotic cells determined by the assay. Data analyzed via one-way ANOVA with Dunnett's multiple comparisons test

(****p < 0.0001, **p < 0.01, *p < 0.05, ns — not significant).

Impaired Ay, is observed in cancer cells with a more nega-
tively charged membrane potential leading to mitochondria
dysfunction. By utilizing the cationic dye tetramethyl rhoda-
mine methyl ester (TMRE) we examined the effect of STG-1 on
mitochondrial membrane potential. TMRE is taken up by
mitochondria proportional to its membrane potential.
SUM-159 cells were treated with STG-1 at concentrations of
5 uM or 10 pM for 2 hours and analyzed by fluorescence acti-
vated cell sorting (FACS) (Fig. 5A and B). A known uncoupler of

A. SUM-159 B.
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ook [\
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Fig. 5 Results from TMRE assay to determine mitochondrial membrane
potential. (A) Plotted mean fluorescence intensity (MFI) of cells treated
with STG-1 at different concentrations. (B) Histograms of fluorescence
intensity of TMRE amongst populations. Data analyzed via one-way
ANOVA with Dunnett's multiple comparisons test (***p < 0.001, **p <
0.01, ns — not significant).
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oxidative phosphorylation (CCCP) that induces mitochondrial
membrane potential depolarization was used as a positive
control. The mean fluorescence intensity (MFI) of TMRE sig-
nificantly decreased in treated cells compared to the controls.
This result indicates the ability of this class of compound to
depolarize the mitochondrial membrane potential in cancer
cells.

STG-1 increases mitochondrial ROS

Mitochondrial membrane potential is used by ATP synthase to
facilitate the production of ATP.>®> When mitochondrial mem-
brane potential is perturbed, a leak of electrons can occur fol-
lowed by an increase in mitochondrial reactive oxygen species
(ROS).>* With observed depolarization of the mitochondrial
membrane by STG-1, an examination of ROS production is
warranted. We chose to quantify mitochondrial ROS levels
with the hydroethidine based probe, MitoSOX Red, which has
been validated to selectively target mitochondria. SUM-159
treated with STG-1 at a concentration 10 pM (Fig. 6A and B)
showed significantly higher MFI than the controls. This result
further indicates that this class of compounds targets the
mitochondria and promotes the generation of significant ROS
that may be lethal to cancer cells.

STG-1 affects mitochondrial bioenergetics

To better our understanding of this class of compounds effects
on mitochondria, we examined mitochondrial bioenergetics

This journal is © The Royal Society of Chemistry 2024
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Fig. 6 Results from mitochondrial ROS assay with MitoSOX Red. (A)
Plotted mean fluorescence activity (MFI) of MitoSOX Red in SUM-159
cells treated with STG-1. Significance plotted from one-way ANOVA with
Dunnett’'s multiple comparisons test. (B) Histograms of fluorescence
intensity of MitoSOX Red at different concentrations of STG-1. Data ana-
lyzed via one-way ANOVA with Dunnett’'s multiple comparisons test (**p
< 0.01, ns — not significant).

with a Seahorse XF Cell Mito Stress Test. In this test, examin-
ation of the oxygen consumption rate (OCR) of cells is
measured, when various inhibitors of the electron transport
chain (ETC) are added. The change in OCR allows for the
determination of key mitochondrial energetic parameters.
These parameters include proton leak, ATP respiration, and
coupling efficiency. The initial OCR of SUM-159 and OVCAR-3
cells was recorded (Fig. 7A and C), addition of STG-1 in a dose-
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dependent manner modulated OCR, specifically, maximal res-
piration in both cell lines. Subsequent addition of the ATP
synthase inhibitor, oligomycin resulted in a decrease of OCR,
which can be attributed to inhibition of ATP production.
Taking the difference between the OCR before and after
addition of oligomycin, we can see that STG-1 significantly
decreases ATP production at sufficient concentrations (Fig. 7B
and D). Further comparison of the OCR with oligomycin and
that with complex I and III inhibitors (rotenone and antimycin
A respectively) shows that proton leak was significantly
increased at those concentrations as well. Decreased ATP pro-
duction and increased proton leak was observed in both cell
lines. We can take the ratio between ATP production and
proton leak to deduce the coupling efficiency of the mitochon-
dria when treated with STG-1, which unsurprisingly showed
significant decrease in both cell lines. This result points
towards STG-1 mitochondrial uncoupling properties, and
explains the effects seen on mitochondrial membrane poten-
tial and the increased mitochondrial ROS. Additionally, FCCP
was added after oligomycin to determine maximal respiration
since FCCP allows protons to flow freely across the inner mito-
chondrial membrane. The ratio between the OCR of maximal
and basal respiration is the percent spare respiratory capacity,
indicative of the ATP production a cell can utilize, if necessary.
In both cell lines, spare respiratory capacity was diminished at
all concentrations of STG-1 treatment. This result taken
together with effects on ATP production and proton leak, indi-
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Fig. 7 Results from the Seahorse XF Mito Cell Stress Test. (A) OCR graph of SUM-159 cells treated with STG-1. (B) Key mitochondrial parameters
extrapolated from the OCR of SUM-159 cells after addition of ETC inhibitors. (C) OCR graph of OVCAR-3 cells treated with STG-1. (D) Key mitochon-
drial parameters extrapolated from the OCR of OVCAR-3 cells after addition of ETC inhibitors. Data plotted as the mean + S.D. with GraphPad Prism
10.2.0. Data analyzed via one-way ANOVA with Dunnett’'s multiple comparisons test (****p < 0.0001, ***p < 0.001, **p < 0.01, *p < 0.05, ns — not

significant).
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cates this class of compounds functionally perturb the
mitochondria.

Conclusions

Gold has been extensively studied in the fields of catalysis,>*™>”

materials,*®*® and medicinal uses.®”®! Recent repurposing of
the Au(1) containing auranofin in different disease
implications,®*"®* has led to the emergence of many novel gold
agents for treating disease.®*"®® To this end, we demonstrate
the diversification of current Au(i) scaffolds by generating a
class of C,y~P stapled Au(r) bisphosphines complexes with
potent cytotoxicity. The novel arrangement of Au(r) and aryl-
pyridine on the bisphosphine ligand was confirmed by X-ray
crystallography. The formation of C,~P bonds from reductive
elimination of Au(m) has been demonstrated previously by
Toste®>*” and Casini.”® To our knowledge, this is the first
report of this transformation occurring with retention of gold
within the same molecule. We believe this development will
provide a platform for new synthetic materials beneficial to
areas of catalysis, biological probe development, and thera-
peutics. Further, the novel complexes demonstrate structural
stability towards the biological nucleophile, L-GSH as evident
by 'H NMR. The compounds also impart potent cytotoxicity
and mildly induce apoptosis. The ability of this class of com-
pounds to decrease mitochondrial membrane potential,
increase reactive oxygen species, and perturb mitochondrial
energetics implicate mitochondria as a potential target of
these complexes. In summary, our work presents a novel Au(i)
scaffold foundational new areas of catalysis, biological probes,
and gold-based drug design.
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