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Monomeric gold hydrides for carbon dioxide reduction:
ligand effect on the reactivity
Elisa Rossi,[a] Diego Sorbelli,*[b, c] Paola Belanzoni,[b, d] Leonardo Belpassi,[d] and
Gianluca Ciancaleoni*[a, e]

We analyzed the ligand electronic effect in the reaction
between a [LAu(I)H]0/� hydride species and CO2, leading to a
coordinated formate [LAu(HCOO)]0/� . We explored 20 different
ligands, such as carbenes, phosphines and others, carefully
selected to cover a wide range of electron-donor and -acceptor
properties. We included in the study the only ligand, an NHC-
coordinated diphosphene, that, thus far, experimentally demon-
strated facile and reversible reaction between the monomeric
gold(I) hydride and carbon dioxide. We elucidated the pre-
viously unknown reaction mechanism, which resulted to be

concerted and common to all the ligands: the gold–hydrogen
bond attacks the carbon atom of CO2 with one oxygen atom
coordinating to the gold center. A correlation between the
ligand σ donor ability, which affects the electron density at the
reactive site, and the kinetic activation barriers of the reaction
has been found. This systematic study offers useful guidelines
for the rational design of new ligands for this reaction, while
suggesting a few promising and experimentally accessible
potential candidates for the stoichiometric or catalytic CO2

activation.

Introduction

The concentration of carbon dioxide (CO2), a well–known
greenhouse gas, is increasing in the atmosphere,[1] prompting
the need for its effective and sustainable utilization. In fact, this
molecule possesses significant potential as an abundant and
economically viable C1 building block. However, its utilization
as a feedstock is non–trivial due to its high oxidation state,
thermodynamic stability, and kinetic inertness. To overcome
these obstacles, researchers exploited the known reactivity of
bases to activate and chemically transform carbon dioxide.
Indeed, various catalytic processes, such as the hydrogenation
to formic acid or methanol, involve the reaction with basic
metal hydride species through insertion of CO2 into the metal–
hydrogen bond of a catalyst.[2,3] This strategy offers promising

avenues to overcome the difficulties associated with CO2

activation and conversion, enabling its transformation into
valuable chemicals.

Based on these considerations, the CO2 activation via
insertion into metal–hydrogen bond has been extensively
investigated, particularly by employing computational ap-
proaches to elucidate the fundamental aspects of its
mechanism.[2,3–6] In general, the molecular events are a
nucleophilic attack of the hydride moiety on the C atom of CO2,
while one oxygen binds to the metal giving the O-bound
formate product. Depending on the synchronicity of these two
events, a concerted or a two-step mechanism has been
proposed.[7–9] The former is favored for complexes with
unsaturated metal coordination, whereas the latter is preferred
when the metal center is sterically hindered by its ligands.

Late-transition-metal complexes offer the advantage of
relatively weak metal-oxygen bonds, thus facilitating two-step
mechanisms.[2] Notably, hydrides based on noble metals, such
as rhodium, iridium, palladium, platinum, and ruthenium, have
been fruitfully utilized in catalyzing this kind of carbon dioxide
conversions.[2,10–12] When gold is involved, the challenging
nature of hydrides preparation has been a limiting factor for
further applications for a long time.[13] An N-heterocyclic
carbene (NHC) ligand proved to be able to stabilize the hydride
group, and the resulting [(IPr)AuH] (IPr=1,3-bis(2,6-diisopropyl-
phenyl) imidazol-2-ylidene) complex exhibited reactivity to-
wards dimethyl acetylenedicarboxylate, ethyl diazoacetate, and
O2,

[14–16] but not with CO2. On the contrary, the NHC-stabilized
diphosphene gold(I) hydride (1,[17] Scheme 1) demonstrated
facile and reversible reaction with carbon dioxide[17,18] by
exposing a toluene solution of the complex to gaseous CO2,
and the release was demonstrated to occur spontaneously.
However, to the best of our knowledge, the detailed mecha-
nistic aspects of this reaction remain unexplored.
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The intriguing and relatively unexplored reactivity between
gold hydrides and carbon dioxide has motivated our inves-
tigation on the influence of the ligand on this reaction. Hydride
complexes of the type [LAuH], with L= ligand, have been
considered in our study which encompasses a set of 20 differ-
ent ligands (sketched in Scheme 2), carefully selected to cover a
wide range of electron–donor and -acceptor properties. Within
the general NHC structure, we considered modifications on the
groups bonded to the nitrogen atoms (NHC, H_H_NHC), on the
substituents on the NHC backbone (4H_NHC, O_NHC� ,[19]

Me3B_NHC
� ,20 H3B_NHC

� , F3B_NHC
� , ox_NHC21), and an acyclic

carbene (CN2Me4,). For the phosphine ligands, we selected a
PR3 structure, incorporating fluorine atoms (PF3), methyl or
phenyl groups (PMe3, PPh3), and PMe2

� . Additionally, we
included the [NONAl]� ligand in our investigation, as it has
previously demonstrated unconventional properties in combi-
nation with gold, particularly concerning carbon dioxide
insertion reactions.[22–25] NMe2

� , Cl� , CO, CN� were used as
model ligands to stress the influence on the target reaction
with enhanced negative charge density or π acceptor ability.
Finally, we included the experimental complex 1 (Scheme 1)[17]

introducing some structural simplifications (obtaining 1’, re-
ported in Scheme 2) with the aim of reducing the computa-
tional cost, while not altering the reactivity. We replaced the

two 2,6-Mes2� C6H3 moieties with two 2,6-dimethylbenzenes,
maintaining the influence of the aromatic group, while the NHC
ligand was simplified by just substituting the two methyl
groups on the backbone with hydrogen atoms. We also
introduced a simple variation of this diphosphene ligand by
substituting the NHC with a different carbene, namely the CH2,
obtaining the CH2_PP diphosphene.

Obviously, some ligands listed in Scheme 2 serve only as
models aimed at a deeper understanding of the process, such
as CH2_PP, PF3, or PMe2

� . In contrast, also experimentally
accessible ligands (or analogues) have been considered, like [O_
NHC]� and [Me3B_NHC]

� , even if, to the best of our knowledge,
they have been not yet tested in the reaction under study.

We decided to employ the Charge Displacement
analysis[26,27] via Natural Orbitals for Chemical Valence
(CD� NOCV) approach,[28–33] which enabled us to both character-
ize the ligand–metal and metal–hydride bonds and quantita-
tively and visually assess the nature of the complex-CO2

interaction. This method already proved to effectively decom-
pose not only the metal–ligand bond components, but also to
find correlations between the latter and second–sphere
interactions.[34–36] Based on this tool, we could identify a
correlation between the Gibbs activation barrier for the CO2

insertion reaction into the Au� H bond and the electronic
structure of the complexes. With these results in hand, we aim
to propose theoretical guidelines for the rational design and
development of monomeric Au(I) hydrides possessing the
capability to reduce CO2 to formate anion. Furthermore, in
certain cases, it is possible to predict the reversibility of this
reaction, paving the way to novel catalysts.

Computational Details
All complexes were optimized in vacuo using the ORCA software,[37]

version 5.0.1.[38] In order to account for relativistic effects, we used
the ZORA approach,[39–41] employing the ZORA� def2� TZVP basis set
for all the atoms, along with the SARC� ZORA� TZVP basis set for

Scheme 1. Reversible reaction of Au(I)-hydride 1 (R=2,6-Mes2� C6H3) with
CO2.

Scheme 2. List of all the ligands L in the [LAuH] complexes investigated in this study.
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gold.[42] We utilized the BP86 functional,[43,44] the RIJCOSX approx-
imation, and we included dispersion effects via the D3BJ
scheme.[45,46] All stationary points were characterized to ensure the
absence of imaginary frequencies for reactants and products, or the
presence of a single imaginary frequency for transition states. The
effect of solvation (toluene) was evaluated for representative
complexes with the COSMO model[47] and it was found to produce
a limited effect on the mechanism and activation barriers (see
Table S5).

The same computational protocol was utilized for the Energy
Decomposition Analysis (EDA)[48] and Charge Displacement via
Natural Orbitals for Chemical Valence (CD� NOCV) analyses, which
were conducted using the ADF code,[49] version 2016.104. The
numerical integration to obtain the CD� NOCV curves has been
carried out using PYCUBESCD suite.[50,51]

Computational details about EDA and CD� NOCV methodologies
can be found in the Supporting Information.

Results and Discussion

As illustrated in Scheme 1, complex 1 nicely inserts CO2 into the
Au� H bond. Understanding the reaction mechanism is the first
step to our ultimate goal, which is to find guidelines for an
effective ligand design.

We found that, in agreement with the low hindrance around
the metal, the process occurs via a concerted transition state, in
which the hydrogen atom binds to the carbon atom of CO2

while simultaneously breaking the Au� H bond (Figure 1). At the
same time, one oxygen of CO2 starts to form a bond with the
gold center, leading to the subsequent relaxation and formation
of the formate product. Initially, carbon dioxide weakly interacts
with the hydride, forming the reactant complex RC. The
concerted transition state (TS) requires an activation barrier of
24.0 kcal/mol, coherently with the experimental feasibility of
the process.[17] At the TS, CO2 exhibits a significant bending
(133.4° for the OĈO angle) being at a relatively close distance

from Au (2.505 Å) and very close to the H atom (1.215 Å). As a
result, the Au� H bond is elongated, compared to its length in
the RC, and the P� Âu� H angle deviates from the initial
configuration (160.1° at the TS, 172.9° at the RC, and 173.7° in
the isolated hydride 1’). The formation of Au� O and H� C bonds,
along with the complete breaking of the Au� H interaction
results in the formation of the formate product PC. Remarkably,
the free energy of the product is nearly identical to that of the
initial reactants (+1.2 kcal/mol), in agreement with the exper-
imental reversibility of this reaction. The free energy profile for
the CO2 insertion into the Au� H in the experimentally accessible
complex 1’ is shown in Figure 1.

This reactivity can be nicely rationalized in terms of
molecular orbitals (MOs) of CO2 and 1’. The main results of the
NOCV analysis at TS, reported in Figure 2, clearly display that
the main driving force (Δρ1) of the [CO2]-[1’] interaction is
represented by the charge transfer from the Au� H bonding MO,
also including contribution from the P� Au σ bond, towards the
empty π* LUMO of CO2. This picture is strongly reminescent of
the interaction scheme depicted for CO2 insertion reaction into
the Au� Al bond in [tBu3PAuAl(NON)] complex,[25] with the Au� H
bond (analogous to the Au� Al bond) acting as the actual
nucleophile. Other components of the interaction are signifi-
cantly smaller (see Figure S1 in the SI). Remarkably, the 1’

Figure 1. Free energy reaction profile and chemical structures for the CO2

insertion into the Au� H bond in the 1’ complex (R=2,6-dimethylbenzene;
RC= reactant complex, TS= transition state, and PC=product complex). The
energy reference is the sum of the energies of 1’ gold hydride and CO2.
Selected interatomic distances (Å) and bond angles (degrees) are given with
the molecular structures.

Figure 2. Breakdown of the donor (jΨ� 1 j 2) and acceptor (jΨ+1 j
2) NOCV

densities associated with the first NOCV deformation density, Δρ1, in the
transition state TS involving the 1’ complex into the most important MOs of
the 1’ and CO2 fragments frozen at their TS geometry. The molecular orbitals
mixing coefficients (c) are given. Isodensity values are 0.001 eau� 3 for Δρ1,
0.002 eau� 3 for NOCV densities and 0.03 eau� 3 for MOs.
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HOMO involved in the interaction with CO2 does contain
contributions from the P� Au σ bond, thus suggesting a role of
the ligand in the experimentally observed reactivity for this
complex.

Moving to different ligands, we optimized the three key
structures of the reaction (Scheme 3) for all the ligands depicted
in Scheme 2: the hydride species, the transition state and the
formate product. The result of this computational screening is
that the concerted mechanism is valid in all the cases.

Interesting information can be derived by comparing the
geometrical parameters of the different transition states. When
L is particularly π acidic (ox_NHC, CO, and PF3), the carbon
dioxide bending is larger than 140°, with neutral ligands it is
found to be around 137° and with anionic ones is between 133
and 136° (Table S6 in the SI). A remarkable exception is 1’,
which is globally neutral but the O� Ĉ� O angle in the
corresponding TS shows a value of 133°, typical of anionic
ligands. This can be explained on the basis of its “charge
separation”: the NHC moiety stabilizes a positive charge, while
the phosphorus carries a formal negative charge (Scheme 1).

Information on the feasibility of the reaction can be derived
by comparing the free energy difference between reactants and
TSs (ΔG�) and between reactants and products (ΔGrxn). The
former spans a range between 3.9 and 39.8 kcal/mol, indicating
a strong ligand effect, but it is interesting to note that ΔGrxn is

positive in many cases (Figure 3). The thermodynamic instability
of the product is consistent with the fact that gold(I) hydrides
are generally not able to activate CO2. Negative values have
been found for CN� , PMe2

� and [NONAl]� , of which only the
latter can be really tested in laboratory. However, small, positive
values of ΔGrxn are even more interesting, as they could indicate
a reversible (therefore, possibly catalytic) reaction as the 1’
complex. Other ligands with similar kinetic and thermodynamic
values are [O_NHC]� and NMe2

� , of which only the former is a
potential candidate for an experimental study. Other anionic
ligands, especially [R3B_NHC]� , seem to be promising candi-
dates for an experimental study.

Notably, if the structure of 1’ is modified to avoid the
zwitterionic character, both thermodynamic and kinetic param-
eters sensibly get worse (ΔGrxn markedly positive, ΔG� larger
than 30 kcal/mol). This strongly confirms that the ability of

Scheme 3. Schematic representation of the reaction mechanism of mono-
meric gold hydrides with CO2.

Figure 3. Activation (ΔG�) and thermodynamic (ΔGrxn) parameters for the CO2 activation by the [LAuH] species.
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carbene moiety to stabilize a positive charge is crucial for the
CO2 activation.

Therefore, we can conclude that anionic or zwitterionic
ligands should be designed for this reaction. We just note here
that ΔG� and the activation electronic energy (ΔE�) correlate
quite well each other (r2=0.9640) and using one or the other
has minimal effect on correlations.

To better understand the ligand effect in the reactivity of
gold–hydride complexes, it is important to characterize the
Dewar–Chatt–Duncanson (DCD) components[52] of both the
Au� H and L� Au bonds. With respect to the gold–hydrogen
bond, the [LAuH] complexes can be fragmented into two
distinct ways: [LAu]+ /0⋯[H]� (dative bond) and [LAu]*0/� ⋯[H]*

(covalent bond), whereby the formal charge on the gold
fragment depends on the nature of the ligand. The best
possible fragmentation can be determined on the basis of the
Energy Decomposition Analysis.[53,54] In particular, it has been
demonstrated that the most realistic and suitable bond
fragmentation is the one that has the least negative value of
orbital interaction (ΔEoi).[54] In the case of [NHCAuH], for
instance, the values of ΔEoi are � 90.7 and � 76.2 kcal/mol for
the ionic and covalent fragmentations, respectively, allowing to
consider the latter more suitable and to formally consider the
Au� H bond in this complex as a covalent bond. Relying on this
approach, we found out that the covalency of the Au� H bond is
a common characteristic when the ligand is neutral and

becomes more borderline with anionic ligands (see Table S1–S3
for comprehensive energy data). Shifting to the ligand–gold
bond, instead, we verified the best fragmentation scheme by
testing some representative complexes among the whole group
(see Table S4), finding that the best fragmentation is the
[L]0/� ⋯[AuH] one.

The assessment of the suitable L� Au bond fragmentation
allowed us to quantify the L� AuH DCD components of all the
complexes formed with ligands listed in Scheme 2 through the
CD� NOCV analysis. For each complex, a series of NOCV (Δρk, k=

1…n) was derived, and from their integration along the L� Au
axis, a value for the associated charge transfer (CTk) was
evaluated. The main results are displayed in Figure 4. Positive
values refer to L!Au donation contributions, negative values
to L !Au back–donation ones.

In almost all the cases the CT1 is relative to the L!AuH σ
donation and it is much larger than the L !AuH π back–
donation (generally CT2 and CT3). Some exceptions are strongly
π acidic ligand ox_NHC, for which CT1 is a back–donation
component. For CO, the total back–donation (CT2+CT3) is
larger than the donation component (CT1). The chloride and
NMe2

� ligands possess also π L!Au donation components, in
agreement with their π basic nature.

Beyond the present selection of ligands and the consid-
eration made before, it would be extremely useful to provide
“quantitative” guidelines for the rational design of new

Figure 4. CD-NOCV components of the L� AuH bond. Positive values refer to L!AuH donations, negative ones to L !AuH back–donations.
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catalysts. To this aim, a deeper insight is necessary. Considering
that a more basic hydride is expected to better activate CO2 we
analyzed the Voronoi Deformation Density (VDD) atomic
charges[55] on Au and H in all the complexes (Table S7 in the SI).
From a general and simple chemical intuition, it is reasonable
to imagine that a higher gold–hydrogen polarization would
lead to an easier reactivity towards CO2. However, the
correlations between ΔG� and VDD charges (or Au� H polar-
ization) are not satisfactory (Figures S2 in the SI), even if the
qualitative trend is coherent with this hypothesis. This is not a
surprising result, as atomic charges are very method–depend-
ent.

A more reliable method to analyze the electronic ligand
effect on the hydride is the use of the CD� NOCV approach.
Analogously, the simple correlation between the L� AuH bond
components (displayed in Figure 4) and ΔG� (Figure 3) is
unsatisfactory (see Figure S3 in the SI). This likely depends on
the fact that DCD components are evaluated between the
ligand and gold in the isolated complexes, which is far from the
reactive site. The CD curves have the great advantage that they
give information about any region of interest and the electronic
effect of L on the AuH fragment can be evaluated directly on
the hydride, obtaining one value for each NOCV bond
component. For example, in the case of NHC� AuH, the values
of ΔqH1, ΔqH2, and ΔqH (that corresponds to the sum of all the
NOCV components) can be obtained by integrating the CD
curves at the z coordinate of the hydride (Figure 5a).

In this framework, ΔqH1–2 represent how much the
electronic density around the hydride is modified upon the
coordination of the ligand, decomposed with the same
scheme used to determine the DCD bond components.
Therefore, ΔqH1 generally describes the response of the
hydride to the L!Au σ donation, and ΔqH2 describes the
response of the hydride to the π back–donation. The
correlation of ΔqH1 with ΔG� is indeed better than the
previous ones (r2= 0.8766, see Figure 6a and S4 in the SI).
This is in agreement with the chemical intuition: more
donating ligands favor the reaction. The correlation is good
enough to be used in a computational screening, with a
largest error of 6.2 kcal/mol (L=NONAl� ) and a mean
absolute error of 2.7 kcal/mol. Being ΔqH1 computed from
the isolated hydride, the transition state optimization
(which is more time consuming) would be not necessary.

However, the picture is not completely satisfactory,
especially because ΔqH2 is constantly null (Figure 5a) and
does not provide any information. In order to make a step
further and better characterize the ligand effect during the
reaction, we used the TS geometry for the same analysis
(Figure 5b), obtaining Δq’H1 and Δq’H2, and Δq’H for the sum
of all the components. Furthermore, in this case Δq’H2 is
generally small but not negligible at the coordinate of the
hydride, allowing us to have information also from the
effect of the L !Au back–donation. Finally, we should note
that Δq’H is not purely relative to the hydride species, but
also to one oxygen of the CO2, which has a very similar z
coordinate (Figure 5b). The inclusion of carbon dioxide
moiety in this analysis results to be fundamental for the

correlation between the response of the hydride to the L!
Au σ donation, Δq’H1, and ΔG� which is very good if some
outliers are excluded (Figure 6b). In particular, the outliers
are NMe2

� , Cl� , ox_NHC and CO. The meaning of the
correlation is the same as before: strong electron–donating
ligands favor the reaction, as the hydride is more nucleo-
philic. The outliers are utterly important to understand why
the model works in most cases while it fails in some other,
isolated, cases.

Figure 5. Above: isodensity surfaces (5 me a.u.� 3) for the deformation maps
relative to Δρ1 and Δρ2 of a) NHC� AuH (interacting fragments: [NHC] and
[AuH]) and b) NHC� AuH� CO2 TS (interacting fragments: [NHC] and
[AuHCO2]). Blue (red) regions indicate electron charge accumulation
(depletion). Below: Charge Displacement (CD� NOCV) curves associated with
the Δρ1 and Δρ2 NOCV deformation densities and with the total Δρ. Positive
(negative) values of the curve indicate right-to-left (left-to-right) charge
transfer, black dots represent the atom z coordinates. The light blue vertical
line denotes the coordinates where CT1, CT2, and CT are evaluated, the green
vertical line where ΔqH1, ΔqH2, and ΔqH are measured.
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Firstly, we can see that some outliers show a positive
deviation (their value of Δq’H is “too high” with respect to
other ligands with similar ΔG�, such as NMe2

� and Cl� ),
while others show negative deviations (such as CO and ox_
NHC).

To get a deeper insight, we can compare the NOCV
deformation maps of a ligand well described by our
correlation with those of the outliers (Figure 7). Indeed, they
are markedly different. When L=PMe3, Δρ1 shows only
accumulation regions around CO2 (Figure 7a), while when
L=ox_NHC (Figure 7b) (or CO, see Figure S5 in the SI) the
ligand is so π acidic that a depletion region appears around
CO2 also in Δρ1, making Δq’H less negative and generating
the deviation from the correlation.[56] In general, the NOCV
methods seems unable to discriminate donation and back–
donation in these particular cases. As a confirmation, the
sum of Δρ1 and Δρ2 is qualitatively similar for L=PMe3 or ox_
NHC (Figure S7).

In the case of Cl� and NMe2
� , the main difference lies in

Δρ2: in the deformation map when L=PMe3, there is a
depletion region at the oxygen atoms of CO2 and at the
gold (Figure 7a), consistent with the π L !Au back–donation
component. On the contrary, Cl� has no back–donation
component and it acts as a donating ligand in all the
components (Figure 7c). The NOCV deformation maps when
L=NMe2

� are very similar to those of chloride (see Figure S6
in the SI).

Remarkably, all these deviations from the trend are
discernible by the visual analysis of NOCV deformation
maps, and outliers can be easily recognized.

Conclusions

In this paper, we analyzed the ligand effect in the reaction
between a molecular gold(I) hydride and CO2, with the
formation of the formate anion. This reaction is generally
unfeasible and only one successful example is present in the
literature, for which the yet unknown reaction mechanism
was elucidated through this study. Our analysis points out
that the obstacle for the reaction is generally thermody-
namic in nature, and not kinetic, as the product is inherently
unstable. However, in some cases, both thermodynamic and
kinetics are favorable, especially in the case of anionic
ligands, such as [O_NHC]� , [NONAl]� , and [R3B_NHC]� which
deserve in–depth experimental studies for stoichiometric
and catalytic CO2 activation. As in the case of ligand 1,
which experimentally demonstrated to work in this
reaction,[17] also strongly polarized ligands with the negative
pole close to gold, can be utterly useful.

The ligand effect on the activation barrier was also
explored, finding out that most of the ligands can be
grouped in the same correlation: in particular, the activation
free energy linearly correlates with both ΔqH1 and Δq’H1,
which describes how much the σ donation ability of the

Figure 6. a) Correlation between ΔqH1 and ΔG�. The best fit equation is ΔqH1= � 0.00318*ΔG� +0.1908 (r2=0.8766). b) Correlation between Δq’H1 and ΔG�.
The correlation factors r2 are 0.9400 (only relative to the black squares) and 0.4952 (all data). Relevant ligands are indicated in red.

Figure 7. Comparison between NOCV deformation maps (3 me a.u.� 3) for
three different ligands: PMe3 (a) which is well described by the correlation in
Figure 5, ox_NHC (b) which shows a negative deviation, and the chloride (c)
showing a positive deviation.
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ligand modifies the electron density at the hydride coor-
dinate for the isolated hydride species and the TS,
respectively. The computation of ΔqH1 does not require the
TS optimization, which can be time–consuming especially
for large ligands, and the qualitative correlation already
provides a good estimation of the activation barrier (mean
absolute error= 2.7 kcal/mol). This is a useful tool for a
computational screening aimed to rapidly locate most
promising systems to be experimentally tested.

If the TS geometry is available, the correlation is better
but, interestingly, a few ligands do not fit in this trend, such
as the π-donor chloride and the π-acceptor [ox_NHC]
ligands. Anyway, the outlier behavior can be rationalized
analyzing the details of the NOCV output.

These results pave the way for focused experimental
studies, having as target the synthesis of the few gold(I)
hydrides that resulted promising here, and their reaction in
the CO2 activation. More in general, new ligands should be
designed in order to have a strong L!Au σ donation, with
preference for anionic or zwitterionic structures.
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The mechanism for the reaction of
gold(I) hydrides with carbon dioxide
was elucidated, revealing a one–step
concerted mechanism leading to the
formation of a formate product. A
comparative ligand screening
suggests that anionic/zwitterionic
ligands should be employed experi-
mentally for a successful implementa-
tion of a stoichiometric or catalytic
reaction at the Au(I)� H site.
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