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Abstract: A low pKa (5.2), high polarizable volume (3.8 A), and
proneness to oxidation under ambient conditions make
selenocysteine (Sec, U) a unique, natural reactive handle present in
most organisms across all domains of life. Sec madification still has
untapped potential for site-selective protein modification and probing.
Herein we demonstrate the use of a cyclometalated gold(lll)
compound, [Au(bnpy)Cl], in the arylation of diselenides of biological
significance, with a scope covering small molecule models, peptides,
and proteins using a combination of multinuclear NMR (including "’Se
NMR), and LC-MS. Diphenyl diselenide (Ph-Se), and selenocystine,
(Sec),, were used for reaction optimization. This approach allowed us
to demonstrate that an excess of diselenide (Au/Se-Se) and an
increasing water percentage in the reaction media enhance both the
conversion and kinetics of the C-Se coupling reaction, a combination
that makes the reaction biocompatible. The C-Se coupling reaction
was also shown to happen for the diselenide analogue of the cyclic
peptide vasopressin ((Se-Se)-AVP), and the Bos taurus glutathione
peroxidase (GPx1) enzyme in ammonium acetate (2 mM, pH = 7.0).
The reaction mechanism, studied by DFT revealed a redox-based
mechanism where the C-Se coupling is enabled by the reductive
elimination of the cyclometalated Au(lll) species into Au(l).

Introduction

Selenium is a vital element present in many organisms.
Selenocysteine (Sec, U), the selenium analog of cysteine, is a
major form of biological selenium, being considered the 21%t
canonical amino acid.!! Sec is coded by the unique codon UGA,
which is normally a stop codon but can be recoded to incorporate
selenocysteine through the selenocysteine insertion sequence
(SECIS) mechanism. The frequency of SECIS elements varies
widely across the genome, but it is estimated that selenocysteine
occurs in only about 25 human genes. Although similar to S, Se

has key chemical features that make it unique in biomolecules.
Sec has a lower pK, (5.2) than cysteine (8.3), meaning that at
physiological pH, it will be present mostly as selenolate.
Additionally, Se is even softer than S with a polarizable volume of
3.8 A compared with 2.9 A for S.12 Taken together, all of those
properties make Sec easily oxidizable in ambient conditions (E°
of -388 mV), resulting in selenylsulfides (Se—S) as relevant forms
of biological selenium.?-1 Differences in redox chemistry are also
related to the fact that selenium is unable to form 1 bonds of any
type. Therefore, while selenium reacts faster with ROS, the lack
of -bond character in the Se—O bond means that it can be more
readily reduced in comparison to S-oxides.!?

Biologically, the properties of Sec are reflected in
selenoproteins such as glutathione peroxidases (GPx) and
thioredoxin reductases, which are natural antioxidants. These
enzymes play key roles in the progression of many types of
cancer by regulating redox signaling pathways, and by inhibiting
DNA-damaging H,O, and lipid peroxides.® These unique
features make Sec a unique reactive handle, still with untapped
potential for site-selective protein modifications, which has
implications for cancer therapy.4

Most metal-based tools reported in the literature for Sec
chemoselective modification are based on copper systems
(Figure 1).5%-1 Metanis et al., for example, recently reported a
method for Sec modification in peptides and proteins based on
aryl/alkyl radicals generated from hydrazine substrates in the
presence of Cu(ll).%! Despite the intrinsic affinity of gold towards
selenium, this metal has been underexplored in the scope of
homogenous Se arylation reactions. One single example of a gold
catalyst for the diselenation of alkynes and allenes has been
recently described, under reaction conditions that are not
biocompatible.
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To showcase the versatility of the [Au(bnpy)Cl;] motif
(Figure 1) in chemical biology in recent years, we have recently
demonstrated that [Au(bnpy)Cl.] promotes C-S coupling with Cys
residues in both a CysgHis zinc finger domain (HIV-1
nucleocapsid, NCp7) and a Cys;His, one (human transcription
factor Sp1).[*3 Casini and Awuah studied C-S coupling reactions
with other zinc fingers and peptides.*4*¢ Finally, the chemotype
was explored in a glycoalbumin—Au(lll) conjugate developed by
Tanaka and colleagues, which enabled organ-specific labelling of
proteins via lysine amidation within live mice.”-'% The full scope
of C-X coupling reactions promoted by cyclometalated Au(lll)
compounds has also been recently reviewed.?%22

Previous works on metals-promoted C-Se coupling
Metanis et al. (2021)

This work
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Figure 1. The cyclometalated gold(lll) compound [Au(bnpy)Cl2] is used for
promoting C-Se coupling across a wide variety of substrates, including under
biocompatible conditions. Previous works on metal-promoted C-Se coupling
mostly explore copper.51% Here, diphenyldiselenide (Ph-Se). and selenocystine
(Sec). were selected as small molecule models. The reaction was also
demonstrated with the diselenide analog of the cyclic peptide vasopressin, (Se-
Se)-AVP, and the GPx1 selenoprotein from bovine erythrocytes. The GPx1
structure (PDB ID 1GP1) shown highlights the Sec-containing catalytic site
(note that in the crystal structure, the Se atom is present in an oxidized state).?]

Herein, we demonstrate the promising utility of
[Au(bnpy)Cl;] for the efficient arylation of small molecule
diselenides and Sec-containing biomolecules. The reaction was
probed against diphenyl diselenide, (Ph-Se),, and selenocystine,
(Sec),, chosen as small molecule aromatic and aliphatic model
systems respectively. Expanding on the scope, we also
demonstrate that the gold-promoted C-Se coupling reaction can
also be carried out under biocompatible conditions to modify the
diselenide analogue of the cyclic peptide vasopressin, (Se-Se)-
AVP, and the Bos taurus glutathione peroxidase (GPx1) enzyme
(Figure 1).

Results and Discussion

Reaction optimization with small molecule diselenide models.
Due to its high solubility in dmso and acetonitrile, (Ph-Se), was
selected as a small molecule model to probe for C-Se coupling in
addition to the more biologically relevant (Sec),. The reaction of
[Au(bnpy)Cl,] with (Ph-Se), (Figure 2a) was followed by *H NMR
in dmso-d6 at different gold/diselenide stoichiometries and in the
presence of increasing percentages of deuterated water in the
reaction media, Figure 2b. The first set of experiments
(conditions 1-4, Figure 2b) was designed to probe whether the C-
Se coupling takes place, and the possible effect of the
metal/diselenide stoichiometry in the coupling reaction (Figures
S1-S10). The emergence of the aromatic hydrogen peak at 8.6
ppm, along with the loss of the AB pattern of the two aliphatic
hydrogen atoms corresponding to the methylene group (5 and 4
ppm) are diagnostic for the formation of the Ph-Se-bnpy arylated
product (Figure 2c). This observation is consistent with a freely-
rotating benzyl group, implying that the ligand is not coordinated
to gold(lll) in a bidentate fashion upon reacting with (Ph-Se),.[**!
A full assignment of the product peaks was made possible using
IH-'H TOCSY (Figures S16 and S17).

With [Au(bnpy)Cl;] fixed at 5 mM, an increase in the amount
of (Ph-Se), (from 0.5 to 5 eq) only slightly increased both the
conversion and the C-Se coupling rate (Figure 2d, conditions 1-
4). Interestingly, a shift in the residual H,O singlet (of dmso-d6)
was observed over time whenever we had evidence of selenium
arylation. This led us to hypothesize that water might play a role
in the reaction mechanism. The C-Se coupling was then probed
in the presence of up to 20% added D,O in dmso-d6 (limited by
the solubility of the reagents), which greatly enhanced the
reaction rate and conversion (Figure 2b, conditions 5-8). As an
example, using (Ph-Se); at 25 mM in 20% D,O led to a near
complete conversion after only 6 h (Figure 2c and 2d), which
confirmed that water plays an important role in the reaction
mechanism (see more details below). Repeating the reaction
either in acetonitrile/D,O mixtures with varying [Au(bnpy)Cl]:(Ph-
Se), ratios or in neat CD,Cl, led to lower conversion rates
(Figures S18 — S20). Consequently, a dmso/water mixture
proved to be the ideal solvent system where the compounds
remained soluble and the reaction proceeded with appreciable
rate and conversion.
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(Ph-Se), as a model system for probing C-Se coupling
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Figure 2. NMR analysis of the C-Se coupling reaction involving [Au(bnpy)Clz] and (Ph-Se).. (a) The reaction is shown in (a), along with main diagnostic signals in
the *H spectra annotated. (b) Summary of reaction conditions with [Au(bnpy)Clz] fixed at 5.0 mM in dmso-d6. The equivalents of (Ph-Se). and DO percentage
varied. (c) Representative time course evolution of the C-Se coupling reaction under condition 6 followed by *H NMR, with diagnostic signals annotated. (d)
Conversion plots based on consumption of [Au(bnpy)Cl2] (peak at 9.2 ppm) and formation of Ph-Se-bnpy (8.6 ppm). The conversion is calculated in relation to gold.
(e) ""Se-*H HMQC correlation map for (Ph-Se)2 2.5 mM in dmso-d6 containing 10 % D-0. "’Se-*H HMQC correlation maps for reaction samples prepared following
conditions 5 (f), and 6 (g) (both incubated at 37°C for 7 days). For the full set of NMR data of reaction conditions 1-8, control experiments and further data on the
reactivity of [Au(bnpy)Clz] with (Ph-Se)2, see Supporting Information, Figures S1- S20.

To gain a further insight into the species that emerge
throughout the reaction, bidimensional "Se-'H HMQC NMR
measurements were performed. In dmso-d6/D,0, the 7’Se signal
of 2.5 mM (Ph-Se), was observed at +448 ppm (Figure 2e).
Meanwhile, the reaction product of condition 5 (cf. Figure 2b)
obtained after incubation at 37 °C for 7 days appeared as a single
resonance signal at +369 ppm (Figure 2f). This falls in the typical
region for the ""Se resonance of Ph-Se-Ph motifs,?4?% further
confirming the formation of the arylation product Ph-Se-bnpy with
full consumption of (Ph-Se),. For comparison, the reaction
product of condition 6, where an excess of (Ph-Se), was present,
showed both the Se-arylated product at +369 ppm and the
unreacted (Ph-Se), at +448 ppm (Figure 2g).

Liguid chromatography (LC) coupled with electrospray high
resolution tandem mass spectrometry (ESI-MS/MS) gave
invaluable information about the species formed throughout the
reaction of (Ph-Se), with [Au(bnpy)Cl;] in dmso/H,O (Figure 3).
The gold(l1l) compound appeared as either [Au(bnpy) + formate]*
or [Au(bnpy) + formate + ACN]J* and the two species coeluted at
tr = 4.4 min. This can be ascribed to the sample preparation
method used for LC-MS/MS, as the reaction mixtures were diluted
in H,O/ACN/formic acid. Immediate formation of the final C-Se
arylation product Ph-Se-bnpy, observed as [Ph-Se-bnpy + H]* at

m/z 326.0434 (theoretical: 326.0449) was identified for all the
[Au(bnpy)Cl,]:(Ph-Se), ratios, albeit higher conversions were
observed at higher (Ph-Se), concentrations (in agreement with
the NMR data shown in Figure 2). Finally, a third species
assigned as [Ph-Se-bnpy + Au(l)]* was also observed att =0 h at
m/z 522.0026 (theoretical: 522.0030) at all ratios. This species,
containing a Au(l) ion, provides further experimental evidence for
the reductive elimination step as part of the mechanism that leads
to the C-Se coupling. LC-MS gave further evidence that the 1:0.5
[Au(bnpy)Cl,]:(Ph-Se), ratio was not enough to lead to full
conversion even after 24h incubation, as some unreacted
cyclometalated compound is still left (in agreement with *H NMR).
Meanwhile, at either 1:1 or 1:5 ratios the Se-arylated species
appeared as the only species in the chromatogram after 24h and
longer incubation times. MS/MS spectra of the m/z 326.0449
(Figure 3, bottom left) and the m/z 522.0029 (Figure 3, bottom
right) ions confirmed the identity of these two species as the Se-
arylated product [Ph-Se-bnpy + H]* and its gold(l) adduct [Ph-Se-
bnpy + Au(l)]*, respectively. The full LC-MS dataset, with
additional ions observed throughout the experiments, is
presented in Figures S21 — S24.
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Gold-promoted C-Se coupling with (Ph-Se)_, followed by LC-MS
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Figure 3. Au-promoted C-Se coupling reaction using (Ph-Se). as substrate followed by LC-MS/MS. Extracted ion chromatograms (XICs) are shown for reaction
mixtures prepared at varying molar ratios (1:0.5, 1:1 and 1:5) followed over time (t =0, 24 h and 48 h). The XICs represent the relative intensity, at their characteristic
m/z values, of each of the three species presented on the right-hand side, namely i. unreacted [Au(bnpy)] as an adduct with mobile phase components (either
formate, or formate plus acetonitrile); ii. the final Se-arylated product; and iii. a Au(l) adduct with Se-arylated product. For each species, the tr and calculated and
experimental m/z are also given. The identity of the Se-arylated species was further confirmed by MS/MS (Higher energy Collision Dissociation, HCD = 20). The
fragmentation patterns of the C-Se arylation product ii (m/z 326.0442) and the Au(l) adduct iii (m/z 522.0029) are shown at the bottom.

Selenocystine, (Sec),, was studied as a biologically relevant
small molecule model. This compound has the disadvantage of
not being fully soluble at mM concentrations in dmso, water (at
neutral pH), or their mixtures. A nominal 5 mM (Sec), control
sample in a dmso-d6/ D,O mixture did not show any changes over
6 days (Figure S25), indicating that solvolysis of the Se-Se bond
did not take place. For the reaction samples, *H NMR showed
only signals assigned to the organometallic compound att=0 and,
as the reactions progressed, a complex signal pattern arose.
Taken collectively, the 'H NMR data for (Sec), (Figures S26 —
S30) indicated the presence of three distinct species, present in
equilibrium after 7 days of reaction: unreacted [Au(bnpy)Cl_],
[Sec-bnpy + Au(l) + CI], and the arylated product Sec-bnpy (this
assignment is also consistent with LC-MS data; see below). The
presence of each species varied depending on the Se/Au
stoichiometric ratio and the percentage of water in the reaction
medium. Further evidence for the Sec-bnpy product was obtained
by recording the "Se-'H HMQC spectra of reaction mixtures
containing 1:5 [Au(bnpy)Cl.]:(Sec), in the presence of either 10
and 20 % D,0O (Figure S31). In both cases, a signal at +215 ppm
was observed, which falls is in the range of Ph-Se-CHj;
species.?4?] LC-MS studies (Figures S32 — S35) revealed that
the main species present in the reaction mixtures was Sec-bnpy

in an adduct with gold(l) (m/z 533.0021), which was further
confirmed by MS/MS.

Since (Sec); has limited solubility at neutral pH, we also
investigated the reactivity of [Au(bnpy)Cl;] with (Sec), fully
dissolved in dmso-d6 with added 40 mM DCI (Figure S36).
Evidence of arylation was also observed under this experimental
condition, but appreciable conversions were detected only after
long incubation times. Interestingly, a species at m/z 735.9323
(Figure S37 to S40) was identified as [Au(bnpy)Cl + (Sec).]*,
which indicates direct coordination of the intact diselenide species
to the cyclometalated gold(lll). This observation sheds light on the
very first step of reaction mechanism. After 24 h of incubation at
37 °C, the major species was again the aurated Sec-bnpy species.

C-Se coupling in selenopeptides and selenoproteins. Next,
expanding on the scope of the Se-arylation reaction, we
demonstrate further that [Au(bnpy)Cl;] can promote C-Se
coupling in a model selenopeptide sequence, (Se—Se)-AVP, and
in a full selenoprotein, the GPx1 from Bos taurus erythrocytes
(both shown in Figure 1). The Se isotope pattern is a diagnostic
feature that was exploited across all these experiments to confirm
the arylation on Sec.
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Figure 4. MS/MS spectra of representative species that provide evidence for the arylation of (Se-Se)-AVP (1:1 or 1:5 gold/peptide and in either dmso/water (40/60)
or in 2 mM NHsOAc, pH = 7.0). The peak at m/z 732.22 is the main reaction product observed across all conditions (see Figures S41 and S42), while the peak at
m/z 856.7313 corresponds to the gold(l) adduct of the bisarylated peptide. The experimental and theoretical isotope patterns of each ion is given on the left hand
side of the figure. Both species were subjected to MS/MS (HCD 20), further confirming the identity of the arylated positions within the peptide sequence, and the
position of the gold atom along the sequence. The b and y fragments were assigned, while fragments denoted in roman numerals dehydroalanine, which arises via

B-elimination. Gold-containing fragments are marked in golden characters.

The selenopeptide model (Se—Se)-AVP is the diselenide
analogue of the hormone vasopressin (AVP), which is a
nonapeptide hormone best known for its antidiuretic and
vasopressor actions.”®l The synthesis of (Se-Se)-AVP was
described elsewhere,?”:28 and it has been proposed as a model
for studying the reactivity of metal complexes and metal ions of
medical and environmental relevance.?®31 The reaction was
studied either at 1:5 [Au(bnpy)Cl;] to (Se—Se)-AVP in water/dmso
(40/60) (Figure S41) or 1:1 in 2 mM NH4OAc (Figure S42). In
both cases, two gold-containing species were identified (peak b
and c, Figures S41 and S42). The main product ¢ (peak at tr =
4.35 min) corresponds to a single species of m/z 732.22. This
modified peptide contains one selenium atom as evidenced by the
isotope pattern and one gold atom. The MS/MS data (Figure 4)
provided further structural information, revealing the
deselenization of Sec6 into dehydroalanine and the arylation of
Secl. Additionally, the modified Secl appears as an adduct with
gold(l) as evidenced by fragments a2 and b2. Deselenization of
Sec into dehydroalanine via B-elimination is a well reported

mechanism.2331 On the other hand, the less abundant product b
contains a species at m/z 856.73 which contains two selenium
atoms (isotope pattern shown in Figure 4), along with one gold
atom. MS/MS spectrum (Figure 4) revealed the arylation of both
Sec residues. Additionally, the modified Sec 1 residue appeared
as an adduct with Au(l) as evidenced by fragments a2, b2, b3 and
b4. A list of all dehydroalanine-containing fragments identified by
MS/MS of the m/z 856.73 ion is shown in Figure S43.
Mechanistically, the fact that the species at m/z 732.2285
corresponds to the main reaction product demonstrates that
deselenization itself is either related to or even promoted by the
Se-arylation reaction, and not merely an HCD artefact.

Comparatively, auranofin and related gold(l) phosphine
complexes were shown to promote Sec metalation in (Se—Se)-
AVP, although that happens only when either the peptide had
been previously treated with a reducing agent (i.e. dithiothreitol)
or when the reaction had been carried out at 70 °C.[2°30

Finally, incubation of [Au(bnpy)Cl;] with GPx1 from Bos
taurus erythrocytes B4 (>90% BLASTR® sequence identity with
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the human GPx1 homologue) at two distinct ratios under
biocompatible conditions (2 mM NH4OAc, pH = 7.0) showed a
clear evolution in the number of arylation sites over time (Figure
5). Deconvoluted MS provided evidence of adduct formation with
2 bnpy ligands at t = 0. The presence of protein species containing
more bnpy modifications than gold (i.e. 2 Au, 3 bnpy; 3 Au, 4 bnpy;
3 Au, 5 bnpy; 4 Au, 5 bnpy; Figure 5) is strong evidence for
arylation, rather than just coordination of the cyclometalated
[Au(bnpy)]™* motif to the protein. For the reaction at a 5:1
gold/protein ratio, up to 5 gold ions and 6 bnpy groups were
incorporated, which indicates that a total of 6 protein sites have
been arylated under these conditions. We and others have
demonstrated that [Au(bnpy)Cl;] has excellent chemoselectivity
towards Cys, with no cross-reactivity with side-chains that contain
either free amines or carboxylates for example.[*3536 The GPx1

enzyme from bovine erythrocytes has 1 Sec and 5 Cys residues®,

which can therefore be proposed as the arylated sites. The raw
MS data for the unreacted GPx1 protein and the reaction products
are given in Figures S44-S47.

7

|
N &

¢’
2 mM NH,0Ac, pH 7.0
37°C

100-| o Oh
o 22450 4575
60
22526 4465 GPx1  GPxl1  GPxl
40+ GPx1  + +2 +2
201 + +bnpy  +bnpy  +2bnpy
226474194 226144477 230104725 23178.5013
0 il M Ly — . . : : : ,
1004 2us025m1 H H 2h
80 i Jog1a.9aa3 230114817
22647.3566 -
~ 604 L.
°\D GPxi 23178.5204 A
[ +bnpy
© 40 2617.4205
e
O I o TR |
] ] eI A R A
g o f . v 4 1 T T T T r
3 100] H 23539.5639 24h
© H
o H GPx1
g o] oty Z bt G;,(l ?:n
k=] ] +4bnpy  *:
g 237086330 +5bnpy _*+5bnpy
@ © 23874.6513 24070.6488
204 23011.4817 | |
ol ‘Ijl | |||.|||| Al IL L
0 T T v / ! oLl ot b T
1004 H H i 240716438 24h
80 H H
GPx1 GPx1 GPx1
60 H +5) +5)

5:1

GPx1 +;§npy aesesr
40 4200 ossassos | zsersesat
+3bnpy
iz 100
0 ; ; ; v B T 1 Al L.lu .| T P U | ¥
22200 22400 22600 22800 23000 23200 23400 23600 23800 24000 24200 24400
Mass
Figure 5. Top: Reaction of GPx1 from Bos taurus erythrocytes with
[Au(bnpy)Cl2]. The Sec residue and the 5 Cys residues were assigned as the
arylation sites. The bnpy ligand, transferred to the protein upon C-Se and C-S
bond formation, are marked in blue. Bottom: The reaction was followed over
time under biocompatible conditions (2 mM NH4OAc in water, pH 7.0, reaction
at 37 °C) and the deconvoluted MS are shown for reaction mixtures at either 1:1
or 5:1 [Au(bnpy)Cl2]:GPx1 ratio. Each peak was assigned based on the number
of arylated sites and gold atoms present in the adduct.

+5bnpy  +6bnpy
24267.6106 24434.671;

201

Thioredoxin reductase has been the wusual target
selenoprotein for gold compounds.738 While many authors have
reported the potential inhibitory effect of gold compounds on this
enzyme, only a few studies focused on the identification of the
metal binding sites.®3% For glutathione peroxidases, there are
scarce reports indicating that gold(1)84%42 and gold(lI)!
compounds act as their inhibitors. In particular, it has been shown
recently that auranofin is a GPx1 inhibitor, but it is does not inhibit
GPx4."4 To the best of our knowledge, no other studies had
explored the molecular basis of the inhibition of this family of
selenoproteins by gold compounds.

C-Se coupling mechanism investigated by DFT. DFT
calculations were used to support the mechanism of the gold-
promoted C-Se coupling reaction. Figure 6 shows the
mechanism proposed for both the aliphatic N-acetyl
selenocysteinate (in black), which serves as a model for Sec
incorporated into peptides and proteins, and for the aromatic
phenylselenide (in gray). Geometry optimization and vibrational
frequencies were carried out by DFT at the M06 / 6-31+G(d,p)
level of theory for non-metal atoms and ECP60MDF / aug-cc-
pVDZ-PP for Au.

The attack of the selenolate to [Au(bnpy)Cl;] followed by its
incorporation cis to the C-donor is energetically favorable for both
the selenocysteinate and phenylselenolate (Figure S48).
Moreover, if the incorporation is cis to the N-donor, the reaction is
unproductive as expected. These steps are grouped in yellow in
Figure 6. Afterwards, the reaction proceeds via reductive
elimination, which enables the C-Se coupling (Int 2, overcoming
TS 2) to take place. The final dissociation of Au(l) from the C-Se
coupled product requires two nucleophilic attacks, first by the
pyridine of the benzylpyridine motif which then facilitates the
attack of a chloride leading to [AuCl;]  and dissociation of the C-
Se coupled product. The mechanism proposed here for the gold-
promoted C-Se coupling, where reductive elimination enables the
cross-coupling,>48l is similar to those previously reported for C-
S,14471 C-C, 481 and C-P coupling reactions.

Finally, both Int 2 where gold(l) is coordinated to the
selenoether, or Int 3, where gold(l) coordinated to the pyridine
motif, provide theoretical support for the ubiquitous species that
was identified by MS for both (Ph-Se), (Figure 3, species iii, m/z
522.0029), and (SeCys); (Figure S32, m/z 533.0030).
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Figure 6. Full Gibbs free energy surface for the Au-promoted C-Se coupling reaction mechanism proposed by DFT at the M06 / 6-311++G(2df,2p) level of theory
for non-metal atoms and ECP60MDF / aug-cc-pVDZ-PP for Au. Only the species involving N-acetyl selenocysteinate are fully represented (reaction pathway shown
in black), while the species and corresponding energies for phenylselenide are shown in gray. In each system, there is a total of 9 explicit water molecules that are
not shown in this simplified diagram for the sake of clarity. For the full structures of each species including explicit water molecules please refer to the supplementary
information (RC = reactant complex; TS = transition states; Int = intermediates; PC = product complex). The reaction coordinate is split in three phases: the attack
of the selenolate to the cyclometalated gold(Ill) compound and incorporation cis to the C-donor; the reductive elimination step, enabling the C-Se coupling; and a

ligand rearrangement that allows the release of the gold(l) species.

Conclusions

Our investigation adds organometallic gold(lll) compounds
to the still scarce toolkit of metal-based systems apt at facilitating
selenium arylation. This contribution broadens the horizons
accessible to synthetic and medicinal chemists, affording a new
tool for the construction of selenium-containing organic molecules,
which are promising chemotypes in drug design. [Au(bnpy)Cl]
was able to promote arylation of (Sec), and (Ph-Se),, including
under biocompatible conditions, with water itself playing a role in
the reaction progression (rate and conversion). The arylation of
(Se-Se)-AVP took place at both Sec residues, and we have strong
evidence that arylated Sec residues can also undergo
deselenization into dehydroalanine. In the case of GPx1, full
arylation of the protein was observed across the Sec residue and
the 5 Cys residues. DFT mechanistic analysis has shed light on
the reductive elimination and ligand rearrangement as critical
steps for C-Se coupling in water, paving the way for further
structural variation of the [Au(bnpy)Cl;] motif for enhanced
selectivity and efficiency in Au-mediated arylation reactions.
Additionally, the biocompatibility of the reaction opens a new
avenue towards exploring in situ intracellular selenoprotein
maodification and selenoenzyme inhibition.
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