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Structural and computational evidence of rare synergic 
N(amide)H···Au(I) and N(amidate)···Au(I) secondary bonding 
interactions 

Laura Coconubo-Guio,a Sonia Moreno,a Giacomo Picci,b Miguel Monge,a José M. López-de-
Luzuriaga,a M. Elena Olmos,*a Claudia Caltagirone,*b Vito Lippolis*b

This work focusses on weak NH···Au(I) non-covalent interactions (NCIs), a subject of ongoing debate. It reports the synthesis 
and characterization of new gold(I) complexes featuring the pincer ligand N,N’-bis{(2-diphenylphosphanyl)phenyl}-2,6-
pyridinedicarboxamide (L). Rare examples of N(amide)H···Au(I) interactions in different coordination environments are 
examined. In the neutral complex [Au(L-H)] (3), both a directional N(amide)H···Au(I) contact consistent with a metal-centered 
hydrogen bond, and an uncommon secondary N(amidate)···Au interaction are identified, highlighting their relevance for 
future structural and computational analyses. 

Introduction 
Non-covalent interactions (NCIs), including hydrogen,1 halogen2 

and chalcogen bonding,3 play an essential role in supramolecular and 
coordination chemistry, where they govern key concepts such as 
preorganization, complementarity, cooperativity, selectivity and 
discrimination.⁴ Their ability to influence structure, stability and 
reactivity has made them powerful tools for rational molecular 
design across fields ranging from crystal engineering to catalysis. 
Recent literature continues to emphasise the centrality of NCIs in 
dictating the behaviour of coordination compounds and the diversity 
of weak bonding patterns accessible to transition metals.5 Such 
studies highlight the need for deeper understanding of special 
bonding motifs already known in coordination chemistry and their 
structural and functional consequences.

Within this broad context, weak interactions of the type M···H–X 
(X = C, N, O, halogens) involving electron-rich transition metals have 
attracted increasing interest. These contacts, frequently interpreted 
as metal-centred hydrogen bonds,6-8 are relevant to fundamental 
processes such as the protonation of transition metals to form metal 
hydrides, and to X–H activation in catalysis. Their identification, 
however, is complicated by the coexistence of multiple NCIs, 
geometric constraints and metal-dependent electronic effects.

Gold(I) provides a particularly compelling platform for 
investigating such interactions. Its closed-shell d¹⁰ configuration, 

strong relativistic effects, high electronegativity and preference for 
linear coordination endow gold(I) compounds with a remarkable 
efficiency in both heterogeneous and homogeneous catalysis,9-11 and 
enable unconventional secondary-bonding. Despite possessing 
characteristics that should favour X–H···Au(I) hydrogen bonding, the 
capacity of gold(I) to function as a true hydrogen‑bond acceptor 
remains a subject of ongoing debate.12-18 Distinguishing authentic 
Au···H hydrogen bonds from short contacts constrained by packing 
forces, competing NCIs, including metallophilic interactions, or the 
ligand framework is particularly challenging.12,19 Spectroscopic 
signatures typical of hydrogen bonding are often ambiguous in gold 
complexes due to the relativistic and electronic environment at the 
metal centre, further complicating reliable identification.20,21 
Consequently, only limited well-supported examples exist, 
underscoring the need for new systems that expand the structural 
diversity available for analysis.

Advancing this field requires systematic exploration of gold(I) 
complexes capable of supporting putative X–H···Au(I) interactions, 
allowing identification of consistent geometric or electronic trends 
that clarify their origin and significance. Recent contributions show 
that ortho-aminophenylphosphines constitute promising scaffolds 
for probing such weak interactions, as they combine strong 
electron-donating phosphorus donors with strategically positioned 
N–H groups oriented toward the metal centre.21,22 These ligand 
platforms offer an opportunity to examine how coordination 
environment and ligand flexibility influence the emergence of weak, 
metal-centred NCIs.

Herein, we investigate the coordination chemistry of gold(I) with 
the flexible pincer ligand 
N,N′-bis{(2-diphenylphosphanyl)phenyl}-2,6-pyridinedicarboxamide 
(L) (Scheme 1), designed to probe N(amide)H···Au(I) interactions 
across distinct coordination environments. The conformational 
adaptability of L enables access to structural arrangements not 
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attainable with more rigid pincer frameworks, providing an ideal 
platform for identifying diverse weak interactions around gold. In this 
work, structural and computational analyses reveal rare examples of 
N(amide)H···Au(I) hydrogen-bond-like interactions together with an 
unusual secondary N(amidate)···Au(I) contact. These findings expand 
the limited catalogue of existing special bonding motifs in gold(I) 
coordination chemistry and provide new insights into the 
fundamental characteristics governing weak, metal-centred NCIs.

Scheme 1. Molecular structure of N,N’-bis{(2-diphenyl 
phosphanyl)phenyl} 2,6-pyridinedicarboxamide (L).

Results and discussion
Synthesis and characterization.

The pincer ligand L was synthesised following the procedures 
reported by B. L. Feringa,23 and Y. Liu,24 by reacting 2,6-
pyridinedicarbonyl dichloride with 2-(diphenylphosphino)aniline in a 
1:2 molar ratio in THF under a nitrogen atmosphere (see 
Experimental Section). A slight excess of triethylamine was added to 
promote partial deprotonation of the aniline, thereby facilitating the 
formation of the amide groups. 

Reaction of L with [AuCl(tht)] (tht = tetrahydrothiophene) in 1:2 
and 1:1 molar ratio in CH2Cl2 afforded white solid powders 
corresponding to the formulation [(AuCl)2(L)] (1) and [AuCl(L)] (2), 
respectively (see Figures S1 and S2 for mass spectra in the Electronic 
Supplementary Information, ESI). Both compounds are moderately 
stable to air and moisture at room temperature. They are soluble in 
organic solvents such as acetone and in chlorinated solvents such as 
CH₂Cl₂ and CHCl₃, but insoluble in n-hexane and diethyl ether. Molar 
conductivity measurements in acetone solutions (5 × 10⁻⁴ M) 
indicate that both behave as non-electrolytes, consistent with their 
neutral nature, showing values of 4.1 (1) and 3.2 (2) Ω⁻¹·cm²·mol⁻¹, 
respectively. The infrared spectra of 1 and 2 display bands 
corresponding to the stretching vibration of the amide group in the 
ranges 30172946 cm1 and 32013055 cm1, respectively (Figures 
S3 and S4), which are only slightly shifted with respect to the 
corresponding vibration in the free ligand (33383275 cm1)24. This 
observation, together with the presence of a single, markedly low-
field-shifted resonance in the 31P{1H}-NMR spectrum (CDCl3) of the 
two compounds [P = 23.98 ppm for 1, 34.97 ppm for 2, 19.73 ppm 
for L24] (Figures S5 and S6), and the slight displacement of the amidic 
proton signals in the 1H-NMR spectra (CDCl3) [H = 9.36 ppm for 1, 
11.79 ppm for 2, 10.58 ppm for L24] (Figures S7 and S8), clearly 
indicates that ligand L coordinates to the metal center(s) through the 
phosphorus atoms rather than through the nitrogen ones. An X-ray 

diffraction analysis was carried out to confirm the structure of 1 and 
2 and establish the coordination mode of L to the gold(I) center(s).

Crystals of 1 and 21.5CH2Cl2, suitable for X-ray diffraction 
analysis, were obtained by slow diffusion of n-hexane into a 
saturated CH2Cl2 solution of the respective white solid samples at 
room temperature.

Regarding the crystal structure of compound 1 (Figure 1, Tables 
1 and 2), it features a gold(I) center coordinated to each phosphorous 
donor atom from ligand L [Au1P1 = 2.2307(10) Å, Au2P2 = 
2.2266(11) Å], with a chloride ligand completing a linear coordination 
environment [Au1Cl1 = 2.2718(11) Å, Au2Cl2 = 2.2644(13) Å]. The 
polydentate ligand L thus acts as a bridge between the two metal 
centers. The molecule is not completely symmetrical, since one of 
the amide hydrogen atoms is involved in an intramolecular N-H···Au 
contact with one of the gold atoms [H1···Au1 = 2.977(48) Å, N1···Au1 
= 3.5655(6) Å, N1–H1–Au1 = 146(5)°], whereas at the opposite end 
of the molecule the H3···Au2 distance of 3.44 Å, and especially the N-
H···Au angle of 88°, suggest the absence of any N-H···Au interaction.

Figure 1. Molecular structure of 1 with the labelling scheme for the 
atom positions. Hydrogen atoms, except those of the NH groups, 
have been omitted for clarity.

This asymmetry is also reflected in the larger deviation from 
linearity at the gold(I) centre involved in the H···Au contact, where 
the P1–Au1–Cl1 angle is 173.10(4)°, compared to 176.15(6)° for the 
P2–Au2–Cl2 angle at the second metal centre. Neither intra- nor 
intermolecular Au···Au interactions are observed, while in the crystal 
packing, intermolecular C–H···O hydrogen bonds (Tables 2 and S1) 
between adjacent units of 1 determine the formation polymeric 
chains (Figure S13A), and additional C–H···Cl hydrogen bonds (Tables 
2 and S1) that connect neighbouring chains result in the formation of 
a two-dimensional network (Figure S13B).   

To the best of our knowledge, N(amide)-H···Au interactions have 
not so far been discussed in the literature. Furthermore, the 
experimental authentication of a genuine N-H···Au hydrogen bond 
(mainly involving amine groups) is a matter of ongoing debate.18 
With the exception of very few examples of gold(I) compounds 
exhibiting in their crystal structure intermolecular H···Au distances 
significantly shorter (below 2.5 Å)13,18 than the sum of the 
corresponding van der Waals radii [vdw(H, Au) = 2.86 Å],25 and N–H–
Au angles markedly higher than 110o,13,18 whose bonding nature has 

L
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also been supported experimentally by spectroscopic evidence, the 
vast majority of reported cases claiming N-H···Au associations display 
H···Au separations close to the sum of the van der Waals radii (up to 
3.0 Å) and N–H–Au angles in the range 100130o, with a maximum 
at around 113o. Often, even when supported by computational 
studies, the presence of other concomitant non-covalent 
interactions involving the gold(I) centre and/or the NH group cast 
some doubts on the genuine role of these N–H···Au contacts within 
the coordination environment of the metal centre.

Table 1. Selected bond distances (Å) and angles (°) in the crystal 
structures of 1 and 2·1.5CH2Cl2.

1 2·1.5CH2Cl2

Au–P 2.2307(10)
2.2266(11)

2.3179(11)
2.3154(11)

Au–Cl/N 2.2718(11)
2.2644(13) 2.6424(12)

P–Au–Cl/N 173.10(4)
176.15(6)

101.26(4)
102.38(4)

P–Au–P 156.23(4)

To obtain more conclusive structural evidence for the possible 
and uncommon13 N(amide)-H···Au interaction observed in 
compound 1, we investigated compound 2, prepared from the 
reaction of L with one equivalent of [AuCl(tht)], in which the 
coordination of both phosphine donors to the same gold(I) centre is 
expected.

In fact, in the crystal structure of 21.5CH2Cl2 the gold(I) centre is 
tri-coordinated by two phosphorus atoms from ligand L [Au1P1 = 
2.3179(11) Å, Au1P2 = 2.3154(11) Å] and one chloride ligand 
[Au1Cl1 = 2.6424(12) Å], adopting a planar distorted T-shaped 
geometry (Figure 2a). These AuP and AuCl bond lengths are 
markedly longer than those observed in 1, as a consequence of the 
different coordination environment around the gold(I) centre. 
Furthermore, the PAuCl angles of 101.26(4)o [P1Au1Cl1] and 
102.38(4)o [P2Au1Cl1] are significantly smaller than the 
P1Au1P2 angle of 156.23(4)o, which lies halfway between those 
theoretically expected for trigonal-planar and linear coordination 
environments. This latter angle is much larger than that typically 
observed in gold(I) complexes featuring a coordination environment 
closer to trigonal planar and the same AuClP2 fragment, in which 
longer AuP and significantly shorter AuCl bond lengths are also 
generally recorded concurrently.2630 

It is worth noting that, due to the chelating coordination of L, the 
hydrogen atoms of the amide groups are both brought in close 
proximity of the gold(I) centre, with H···Au distances of 2.8345(1) Å 
and 3.0316(1) Å for H1Au1 and H3Au1, respectively (see Tables 2 
and S2). Both hydrogens also engage in hydrogen bonding with the 
chloride ligand, showing H···Cl distances of 2.635(2) Å (H1Cl1) and 
2.586(2) (H3Cl1) (Tables 2 and S2). Compared to 21.5CH2Cl2, in 1 
the N(amide)-H···Au distance is intermediate between those found 
in 21.5CH2Cl2, with H1Au1 in the latter being slightly smaller than 

the sum of the van der Waals radii, while the N1H1Au1 angle is 
wider in 1 than in 21.5CH2Cl2.

As in the crystal structure of 1, no Au···Au interactions are 
observed in the crystal packing of 2·1.5CH₂Cl₂; however, 
intermolecular hydrogen bonds of different nature are present. Thus, 
bifurcated C–H···O contacts involving O2 (Tables 2 and S2) afford 
one-dimensional polymers that run parallel to the b-axis (Figure 
S14A) that are connected through C-H···O hydrogen bonds involving 
O1 (Tables 2 and S2), thus resulting in the formation of layers normal 
to the c-axis (Figure S14B and C). Finally, these planes are joint via C–
H···Cl hydrogen bonds (Tables 2 and S2) that give rise to an extended 
3D arrangement.

(a)

(b)

Figure 2. (a) Molecular structure of 21.5CH2Cl2 with the labelling 
scheme for the atom positions (the crystallization solvent molecules 
and hydrogen atoms, except those of the NH groups, have been 
omitted for clarity); (b) alternative view of 21.5CH2Cl2 showing the 
plane defined by the phosphorus and chloride donor atoms, as well 
as the position of the gold(I) center with respect to this plane. 

Table 2. Hydrogen bonds in the crystal structures of 1 and 2·1.5CH2Cl2.
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Contact 1 2·1.5CH2Cl2
H···Au 2.977(48) 2.8345(1), 3.0316(1)
N···Au 3.565(6) 3.461(4), 3.620(3)

Intramolecular
N–H···Au

N-H···Au 146 132.1, 127.4

H···Cl/O 2.635(2), 2.586(2)
N···Cl/O 3.359(6), 3.325(4)

Intramolecular
N–H···Cl/C-H···O

N/C-H···Cl/O 142.4(4), 144.8(4) 

H···O 2.458(5), 2.409(5) 2.699(6), 2.605(5)
C···O 3.388(9), 3.278(7) 3.468(12), 3.524(6)1D

C-H···O 179.1(5), 155.6(4) 140.6(7), 169.5(5)

H···Cl/O 2.842(2) 2.569(7)
C···Cl/O 3.524(7) 3.429(14)2D

C-H···Cl/O 131.1(4) 154.0(7)

H···Cl 2.973(2)
C···Cl 3.646(5)3D

C-H···Cl 130.6(5)

To eliminate any competitor of the amidic proton (particularly 
that from the chloride ligand) for the N(amide)-H···Au interaction 
within a neutral gold(I) complex, compound 2 was treated with 1 
equiv. of NaH in anhydrous THF, with the aim of deprotonating one 
amide group, thus forming an amidate anion, and simultaneously 
removing the chloride ligand. The reaction afforded a white solid 
formulated as [Au(LH)] (3), exhibiting limited stability, and solubility 
properties comparable to those of 1 and 2. Its molar conductivity in 
acetone solutions (5 × 10⁻⁴ M) was measured as 3.0 Ω⁻¹·cm²·mol⁻¹, 
confirming its neutral character. Furthermore, compound 3 exhibits 
spectroscopic features (Figures S9S12) similar to those of 1 and 2, 
including IR bands at 3196–2927 cm⁻¹ [ν(N–H)], and a ³¹P{¹H} NMR 
singlet at 32.98 ppm. Its ESI(+) mass spectrum shows the molecular 
ion peak at m/z 882.17, also found in the spectra of 1 and 2. 
However, in compound 3, the ¹H NMR signal corresponding to the 
single NH proton of the amide group, which would be expected for a 
neutral complex, could not be detected. 
An X-ray diffraction analysis was therefore carried out on single 
crystals obtained by slow diffusion of n-hexane into a saturated 
CH2Cl2 solution of the white solid. Due to the relative instability of the 
compound and quality of the crystals, data collection had to be 
limited. Despite this limitation, the data still allow us to understand 
the nature of the compound, which is consistent with the 
expectations of the synthetic strategy. Although bond lengths and 
angles could not be determined with sufficient accuracy, the ligation 
at the metal centre can nevertheless be described, providing a proof 
of concept. The gold(I) centre is linearly coordinated to the two 
phosphorus atoms from the ligand L (Figure 3) with AuP distances 
of about 2.3 Å.The asymmetric AuN distances (of about 2.9 and 3.4 
Å) facilitated the localization of the amide hydrogen atom, which 
participates in an intramolecular N(amide)-H···Au interaction (H···Au 
= 2.6 Å, N···Au = 3.4 Å; NH···Au = 140o),while the deprotonated 
nitrogen atom, with and Au–N distance of about only 2.9 Å, 
establishes an unprecedented N(amidate)···Au bonding interaction 
([vdw(N, Au) = 3.22 Å].25 Therefore, the removal of the chloride 
ligand from the coordination sphere of gold(I) upon reaction of 2 with 

NaH seems to result in the strengthening of the N(amide)-H···Au 
interaction, concomitant with the formation of a peculiar 
intramolecular N(amidate)···Au bonding interaction. 
RCO(R’)N(amidate)–Au bonds are well known in the gold(I) 
coordination chemistry.3134 In all cases, the amidate anion plays a 
direct role in defining the linear coordination environment at the 
metal, exhibiting significantly shorter N–Au bond distances of around 
2.0 Å. In 3, N(amidate)···Au and N(amide-)H···Au interactions, 
although significantly shorter than the sum of van der Waals radii, 
act as secondary interactions at the metal centre, whose 
coordination environment is primarily defined by the two phosphine 
donors. 

Figure 3. Ligation at the gold(I) centre in Au(LH)] (3).

Hirshfeld surface analysis was performed to elucidate the 
dominant intermolecular interactions governing the crystal packing 
of complexes 1 and 2. In both structures (see Figure 4), the dnorm 
mapped surfaces display well defined red spots associated with C–
H···O hydrogen bonds, confirming that these contacts represent a 
common and significant stabilizing motif across the series. The 
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reciprocal nature of these interactions is evident from the 
characteristic pair of sharp spikes observed in the corresponding 2D 
fingerprint plots, consistent with moderately strong C–H···O 
approaches. Complexes 1 and 2 also exhibit C–H···Cl contacts, 
although their manifestation on the Hirshfeld surface differs 
between the two systems. In complex 2, a faint but discernible red 
region appears near the chloride atom, in line with the presence of 
short H···Cl approaches. In contrast, complex 1 structure displays 
intermolecular Cl···H distances below the sum of van der Waals radii, 
yet these interactions do not generate a red region on the dnorm 
surface, indicating that although geometrically short enough, they 
are less directional and weaker than those involving oxygen. 

Computational studies. 

To support the structural evidence of a N(amide)–H···Au 
hydrogen bond in 2 and 3, we turned to analyse the electron-
density in these complexes performing non-covalent 
interaction (NCI) analysis of the electron density.35 Model 
systems 2a and 3a were initially built up from the corresponding 
experimental X-ray structures, and fully optimized at DFT 
PBE(D3)/def2TZVP level of theory,36,37 including the empirical 
dispersion correction described by Grimme.38

The optimized geometrical parameters of 2a and 3a are very 
similar to those observed experimentally (Table S3) including 
different P–Au–P angles that depend on the gold(I) coordination 
environment, i.e., three-coordinate and distorted trigonal 
planar in the case of 2a and nearly linear and two-coordinate in 
the case of 3a. In the case of model 2a two short NH···Cl 
stabilizing interactions are optimized, together with longer 
NH···Au and CH···Au contacts.

Figure 4. Hirshfeld surface analyses (dnorm) and associated 2D fingerprint plots for complexes 1 and 2, highlighting the main intermolecular 
interactions.

In the case of the asymmetric model 3a a markedly shorter 
NH···Au interaction is optimized at 2.66 Å, which is reinforced 
by the N(amidate)–Au bonding interaction optimized at 2.99 Å, 
and several CH···Au contacts. These interactions were 
confirmed by NCI calculations and computation of the intrinsic 
bond strength index for weak interactions (IBSIW), that provide 
a relative comparison of the strength of stabilizing 
intramolecular interactions. 

Figures 4 and 5 depict the NCI isosurfaces for the two model 
systems, showing the spatial distribution of the non-covalent 
interaction densities in real space as coloured regions. The type 
of NCI can be determined semi-quantitatively by mapping the 
electron density multiplied by the sign of the second Hessian 
eigenvalue, sign(λ2)ρ, onto the iso-surfaces of the reduced 

density gradient  (r). When the sign of the second Hessian 
eigenvalue is positive (λ2 > 0), red iso-surfaces appear 
corresponding to steric and repulsive contacts. When the sign 
of the second Hessian eigenvalue is close to zero (λ ≈ 0), green 
iso-surfaces indicate van der Waals weak interactions. 
Conversely, when the sign of the second Hessian eigenvalue is 
negative (λ2 < 0), green-blue or blue iso-surfaces represent 
attractive NCIs. In the case of model 2a the strongest NCIs 
appear as bluish circles between the NH groups and the Cl atom.
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Figure 5. NCI isosurface (isovalue = 0.5 a.u.) of the optimized 
model system 2a (left) and detailed isosurface around the gold 
centre (left) showing the attractive nature of the N-H···Cl and N-
H···Au interactions (red circle).

Figure 6. NCI isosurface (isovalue = 0.5 a.u.) of the optimized 
model system 3a (left) and detailed isosurface around the gold 
centre (left) showing the attractive nature of the 
N(amidate)···Au interaction (red circle).

In addition, below the bluish circles the isosurface is 
extended as greenish regions indicating the presence of the 
expected N-H···Au interactions. In addition, other weak van der 
Waals interactions between C–H groups of the phenyl rings also 
provide additional stabilizing interactions. In the case of model 
system 3a, the strongest NCI is again depicted as a bluish region 
and represents the N(amidate)···Au interaction. Green regions 
representing N-H···Au and C-H···Au van der Waals interactions 
are also displayed. The computed IBSIW indexes (Table S4) 
confirm that the N(amide)–H···Cl and N(amidate)···Au 
interactions are attractive NCIs and represent the strongest 
ones in 2a and 3a, respectively. These are followed by the 
N(amide)–H···Au interaction(s) that are stronger in 3a than in 
2a, as also inferred from the structural data.

Experimental
N,N’-bis{(2-diphenylphosphanyl)phenyl}-2,6-pyridinedicarboxamide 
(L)23,24 and [AuCl(tht)] (CAS 39929-21-0) were prepared following the 
procedures reported in the literature. All reactions were conducted 
under a dry N2 atmosphere, employing standard Schlenk techniques. 
Solvents were procured from a solvent purification system (M-
BRAUN MB SPS-800). Conductivity measurements were performed 
using a Jenway 4510 digital instrument (Jenway, Felsted, UK). Mass 
spectrometry data were acquired on a time-of-flight mass 
spectrometer equipped with an electrospray ionization (ESI) source 
(Bruker MicroTOF-Q spectrometer, Bruker Corporation, Bremen, 
Germany). The UATR-IR infrared spectra have been recorded on a 
Perkin-Elmer 2 spectrophotometer equipped with a diamond crystal 
UATR attachment, covering a range of 4000–500 cm1. 31P{1H}- and 

1H-NMR experiments were conducted on a Bruker AVANCE 400 
spectrophotometer (Bruker Corporation, Fällanden, Switzerland) in 
CDCl3 solutions. Chemical shifts are reported ppm and referenced to 
H3PO4 (31P, external) and SiMe4 (1H, external). Multiplicities are 
denoted as singlet (s), triplet (t) or multiplet (m).

Synthesis of [(L)(AuCl)2] (1) and [(L)AuCl] (2). To a solution of L 
(0.1371 g, 0.2 mmol) in 20 mL of CH2Cl2 under an inert atmosphere, 
[AuCl(tht)] was added [0.1282 g (0.4 mmol) for the synthesis of 1; 
0.0641 g (0.2 mmol) for the synthesis of 2]. The reaction mixture was 
stirred at room temperature for 6 hours. After this time, the solvent 
was partially evaporated under reduced pressure, and the addition 
of 20 mL of n-hexane induced the precipitation of a white solid. The 
resulting compound was collected by filtration, washed with n-
hexane (3 × 1 mL), and dried under vacuum (97 % yield for 1; 48% 
yield for 2). Crystals of 1 and 21.5CH2Cl2 suitable for X-ray diffraction 
analysis were obtained by slow diffusion of n-hexane into a saturated 
CH2Cl2 solution of the compound at room temperature.

[(L)(AuCl)2] (1). 1H-NMR (CDCl3, 298K), δH: 9.36 (s, 2H, H1, NH), 8.07 
(d, 2H, H2, J = 7.48 Hz), 7.85 (t, 1H, H3, J = 7.57 Hz), 7.71 (m, 2H, H4), 
7.55-7.38 (m, 14H, H5, H9, H10), 7.33-7.31 ppm )m, 10H, H6, H8), 6.94-
6.87 ppm )m, 2H, H7) (see Figure S7). 31P{1H}-NMR (CDCl3, 298K), δP: 
23.98 ppm (s, PPh2). UATR-IR: 30172946 (m, NH), 1739 (vs, br, CO) 
1685 (vs, br, C-Hpy) cm1. ESI(+): m/z (%): 1114.1125 (55) 
[C43H33Au2ClN3O2P2] ([MCl]+), 882.1760 (30) [C43H33AuN3O2P2] 
([MAu2Cl]+), 375.17 (100) [C₁₉H₁₁N₃O₂P₂] ([L-4Ph2-2H]⁺). ΛM 
(acetone, 5 × 10⁻⁴ M): 4.1 Ω1 cm2 mol1.
[(L)AuCl] (2). 1H-NMR (CDCl3, 298K), δH: 11.79 (s, 2H, H1, NH), 8.10 (d, 
2H, H2, J = 7.5 Hz), 7.83 (t, 1H, H3, J = 7.4 Hz), 7.74 (m, 2H, H4), 
7.547.39 (m, 14H, H5, H9, H10), 7.337.28 ppm (m, 10H, H6, H8), 
6.916.85 ppm (m, 2H, H7) (see Figure S8). 31P{1H}-NMR (CDCl3, 
298K), δP: 34.97 ppm (s, PPh2). UATR-IR: 32013055 (m, NH), 1738 
(m, CO), 1682 (vs, br, C-Hpy) cm1. ESI(+): m/z (%): 882.17 (100) 
[C43H33Au N3O2P2]+ ([MCl]+). ESI(): m/z (%): 915.92 (100) 
[C43H32AuClN3O2P2] ([MH]). ΛM (acetone, 5 × 10⁻⁴ M): 3.2 Ω1 cm2 
mol1.
Synthesis of [Au(LH)] (3). To a solution of L (0.1377 g, 0.15 mmol,) in 
anhydrous THF (10 mL) under an inert atmosphere, sodium hydride 
(NaH, CAS 7646-69-7, 6.0 mg, 0.25 mmol, 1.1 equivalents) was 
added. The resulting suspension was stirred at room temperature for 
24 h, during which a cloudy, opaque solution formed. The reaction 
mixture was then filtered through a nylon syringe filter (0.45 μm, Ø 
25 mm) to remove any traces of unreacted NaH and the byproduct 
NaCl. The resulting filtrate was transferred to a second reaction flask 
under an inert atmosphere and dried under vacuum to afford the 
new complex as a white solid (42 % yield). 1H-NMR (CDCl3, 298K), δH: 
8.48 (brd, 2H, H4), 8.07 (d, 2H, H2, J = 7.5 Hz), 7.65 (t, 1H, H3, J = 7.54 
Hz), 7.62–7.48 (m, 14H, H5, H9, H10), 7.39–7.31 (m, 10H, H6, H8), 7.04–
6.77 (m, 2H, H7) (see Figure S12). 31P{1H}-NMR (CDCl3, 298K), δP: 
32.98 ppm (s, PPh2). UATR-IR: 3196-2927 (m, NH), 1738 (vs, br, CO), 
1684 (vs, br, C-Hpy) cm1. ESI(+): m/z (%): 882.17 (100) 
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[C43H33AuN3O2P2]+ ([M]+). ΛM (acetone, 5 × 10⁻⁴ M): 3.0 Ω1 cm2 mol1.

Table 3. Data collection and structure refinement details for 1and 2·1.5CH2Cl2.
1 2·1.5CH2Cl2

Chemical Formula C43H33Au2Cl2N3O2P2 C43H33AuClN3O2P2·1.5CH2Cl2
Crystal habit colourless colourless

Crystal size/mm 0.197 x 0.127 x 0.075 0.104 × 0.095 × 0.064
Crystal system triclinic monoclinic

Space group P-1 P21/c
a/Å 11.1966(4) 13.6230(5)
b/Å 11.5477(4) 13.1182(5)
c/Å 16.5303(5) 25.1130(10)
α/° 90.624(1) 90
β/° 94.721(1) 99.3630(10)
γ/° 106.150(1) 90

V/Å3 2044.70(12) 4428.1(3)
Z 2 4

Dc/g cm-3 1.869 1.377
M 1150.49 918.127

F(000) 1096.1 1812.9
T/ºC 23(2) 25(2)

2θmax/° 49.42 55.88
µ(Mo-Kα)/mm-1 7.416 3.502

No. refl. Measured 51359 101847
No. unique refl. 6971 10570

Rint 0.0321 0.0629
R[F>2σ(F)][a] 0.0205 0.0395

wR[F2, all refl.][b] 0.0443 0.1000
No. of refl. Used [F>2σ(F)] 6971 10570

No. of parameters 545 488
No. of restrains 0 103

S [c] 1.045 0.998
Max. residual electron density/e·Å-3 0.39 0.75

a R: (F) = ∑∥Fo| − |Fc∥/∑|Fo |. 
b wR: (F2) = [∑{w(Fo2−Fc2)2}/∑{w(Fo2)2}]0.5; w−1 = σ2(Fo2) + (aP)2 + bP, where P = [Fo2 + 2Fc2]/3 and a and b are constants 
adjusted by the program.
 c S = [∑{w(Fo2−Fc2)2}/(n−p)]0.5, where n is the number of data and p the number of parameters.

Computational details. The model systems of complexes 2 and 3 (2a 
and 3a, respectively) used in the computational studies were built-
up based on the X-ray diffraction results and fully optimized at the 
Density Functional Theory (DFT) level employing the PBE 
functional,36,37 along with the corresponding dispersion correction of 
Grimme,38 as implemented in TURBOMOLE 6.4.39 A topological 
analysis of non-covalent interactions (NCI) and IBSIW indexes for 
each model was conducted using the Multiwfn software.40 The 
electron density representations were generated using the VMD 
software for visualizing the results.41

Crystallography.
Suitable single crystals were mounted in inert oil on a MiteGen 
MicroMount and transferred to the cold nitrogen stream of a Bruker 
APEX-II CCD area-detector diffractometer, equipped with an Oxford 
Instruments low-temperature controller system (Mo Kα=0.71073 Å, 
graphite monochromator). Data were collected in ω- and φ-scan 
modes. Absorption effects were treated by numerical corrections. 

Complex 2 crystallizes with one and a half molecule of solvent per 
molecule of compound. The structures was solved with the XT 
structure solution program using intrinsic phasing and refined on F02 
with SHELXL-97.42 All non-hydrogen atoms were treated 
anisotropically, and all hydrogen atoms were included as riding 
bodies except the amidic hydrogens in 1, which were located in the 
Fourier map and refined freely. CCDC 2525580 and 2525581 contain 
the supplementary crystallographic data for this paper. Hirshfeld 
isosurfaces and the corresponding fingerprint plots were generated 
using CrystalExplorer 21.43

Conclusions
This study provides new insights into the nature of weak 

NH···Au(I) interactions, a topic that remains under debate. Through 
the synthesis and characterization of a new series of gold(I) 
complexes with the pincer ligand N,N’-bis{(2-
diphenylphosphanyl)phenyl}-2,6-pyridinedicarboxamide (L), it has 
been possible to explore the formation of rare examples of 
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N(amide)H···Au(I) interactions in different coordination 
environments. In particular, in the neutral compound [Au(LH)] (3), 
beside an N(amide)H···Au(I) interaction exhibiting clear directionality 
and structural features consistent with a metal-centered hydrogen 
bond, an unprecedented secondary N(amidate)···Au weak 
interaction, is also observed, providing a valuable indication for 
further structural and computational investigations. 
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