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Abstract: The dimeric gold(I) chloride and gold(I) iodide complexes ([L2Au]Cl2 and L2AuI2) on
the scaffold of the cyclic bisphosphine, namely 1,5-diaza-3,7-diphosphacyclooctane containing α-
phenylbenzyl (benzhydryl) substituents at the nitrogen atoms, were synthesized. The obtained
complexes were isolated as white crystalline powders. The single crystal XRD of the obtained com-
plexes revealed the strong aurophilic interactions between two gold(I) atoms with the Au . . . Au
distance values of 2.9977(6) and 3.1680(5) Å. The comparison of the gold complexes, based on the
N,N-diaryl- and N,N-dibenzhydryl substituted 1,5-diaza-3,7-diphosphacyclooctanes, allowed to
reveal the strong impact of the initial heterocycle conformation on the realization of the aurophilic in-
teractions, where the geometry of N,N-dibenzhydryl substituted 1,5-diaza-3,7-diphosphacyclooctane,
is pre-organized for the intramolecular aurophilic interactions of the complexes. The obtained com-
plexes exhibit a bluish-green phosphorescence (λem 505 (-Cl) and 530(-I)) in the solid state at room
temperature, originated by the metal-halide centered transitions, which was confirmed by the TDDFT
calculations. It was found that the aurophilic interactions are realized in the ground and in the
triplet excited states of the complexes. The slighter change of the geometry of the N,N-dibenzhydryl
substituted gold(I) iodide complexes, under the transition from the ground state to the excited state,
in comparison with their N,N-diaryl substituted analogues, results in the reduced values of the Stokes
shift of luminescence (ca. 150 nm vs. 175 nm).

Keywords: gold(I) complexes; luminescence; d10-complexes; aminomethylphosphines; bisphosphines

1. Introduction

Aurophilic interactions are an attractive phenomenon actively studied in the terms
of gold(I) complexes exhibiting intriguing photophysical properties [1–5]. Various biden-
tate P-, S- or (NHC)-ligands are often applied for the design of flexible dinuclear gold(I)
complexes, where the intramolecular aurophilic interactions can switch, depending on the
external factors [6–12]. This phenomenon produces various ways for the stimuli-responsive
luminescence in a solid state and in solutions, such as the vapochromism, solvatochromism,
mechanochromism and the thermochromism of luminescence [2,13–17]. Due to rich pho-
tophysical properties and the dependence of luminescence on the external factors, gold(I)
complexes become perspective precursors for the design of the optical materials with
possible applications in medicine and technology [18–20].

Dimeric gold(I) complexes ([(L-L)2Au2]), based on the bidentate phosphine ligands are
able to form intramolecular interactions in the ground and excited states, affecting on their
luminescence [1,21–24]. The flexibility of the ligands’ backbone provides the formation
of the Au . . . Au interactions in the excited states and, consequently, induces the triplet
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metal-halide centered (3(M+X)C) emission of the complexes. Typically, the intraligand
triplet state of such complexes lies at a higher energy than the metal-halide centered triplet
excited state, originated from the Au . . . Au interactions [22,25]. The aurophilic interaction
in the excited states can be realized even in the complexes displaying a quite large distance
between two gold(I) ions in the ground states [6,22,26]. Recently, such a 3(M+X)C state
emission was established for the dinuclear gold(I) complexes of N,N-diaryl substituted
1,5-diaza-3,7-diphosphacyclooctanes [26–28]. The intramolecular Au . . . Au distance of
these complexes in the ground states is ca. 5 Å, whereas in the lowest triplet excited states,
this value decreases to ca. 2.9 Å, which is less than the sum of the van der Waals radii of
gold(I) ions [28]. We supposed that the conformational flexibility of the cyclic bisphosphine
backbone is responsible for the shortening and elongating of the distances between two
gold(I) ions in these complexes.

Recently we demonstrated the different coordination behavior of N,N-diaryl- and
N,N-dibenzyl substituted 1,5-diaza-3,7-diphosphacyclooctanes, relative to copper(I) iodide,
which was probably caused by the different mutual orientations of the two phosphorus lone
pairs in the initial ligands [29]. So, the phosphorus lone pairs of N,N-dibenzyl substituted
1,5-diaza-3,7-diphosphacyclooctanes are directed toward each other and are preorganized
for the chelate binding [30], whereas the phosphorus lone pairs of N-aryl substituted 1,5-
diaza-3,7-diphosphacyclooctanes [31], are oriented in nearly a parallel manner and are
preorganized for the bridge coordination mode of the diphosphine ligand.

Therefore, recent findings opened a question regarding the coordination behavior of
N,N-dibenzyl substituted 1,5-diaza-3,7-diphosphacyclooctanes relative to the gold(I) ion.

In the present work, we utilized N,N-bis(α-phenylbenzyl) substituted 1,5-diaza-3,7-
diphosphacyclooctanes for the synthesis of dimeric gold(I) complexes with the aim to
reveal the role of the substituents in the nitrogen atoms of diazadiphosphacyclooctanes for
the lability and photophysical properties of their dimeric gold(I) complexes.

2. Results and Discussion

Synthesis and structure. The initial ligand 1 was obtained, according the common
procedures for the synthesis of 1,5-diaza-3,7-diphosphacyclooctanes [30,32,33]. The reaction
of ligand 1 with Au(tht)Cl or AuI in a 1:1 ratio in acetone, resulted in the formation of
complexes 2 and 3 (Scheme 1).
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Scheme 1. The synthesis of complexes 2 and 3.

The 1H NMR and 31P spectra confirm the coordination of the phosphorus atoms to
the gold(I) ions. In the 31P{1H} NMR spectra of the complexes, one broad singlet at ca.
27–31 ppm is observed, whereas one set of signals in the 1H NMR spectra of 2 and 3
indicates the formation of the single compounds. The ESI mass spectra of the complexes
display the peak at m/z 889, corresponding to the [Au2L2]2+ ion of 2 and 3 and the peak
with m/z 1905, corresponding to the [Au2L2I]+ ion of 3.

The structures of complexes 2 and 3 were unambiguously confirmed by the XRD
analysis. Crystals of complex 2 were obtained at room temperature by the slow diffusion of
dibutyl ether into a solution of the complex in dichloromethane, whereas crystals of complex
3 were obtained by the recrystallization from dimethylformamide (Figures 1, S1 and S2).
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Figure 1. Molecular structure of complexes 2 and 3. Selected interatomic distances are presented in
Table S1.

The crystals of both complexes contain two independent molecules in the unit cell
(Table 1).

Table 1. Selected crystallographic characteristics of complexes 2 and 3.

Compound 2 3

Moiety Formula C88H92Au2N8P4, CH2Cl2, 2(Cl)
[+ solvent] C88H92Au2I2N8P4

Formula C88H94Au2Cl2N8P4 C88H92Au2I2N8P4

Formula Weight 1935.35 2033.30

Crystal System triclinic triclinic

Space Group P-1 (P1bar) P-1 (P1bar)

Temp. of Measurement, K 110(2) 100(2)

Cell Parameters

a = 20.3117(19) Å
b = 21.479(2) Å
c = 23.204(2) Å
α = 109.568(3)◦

β = 105.798(3)◦

γ = 103.892(3)◦

a = 15.7816(3) Å
b = 16.8956(4) Å
c = 17.5198(4) Å
α = 73.294(2)◦

β = 67.489(2)◦

γ = 84.5748(17)◦

V [Å3] 8543.7(14) 4132.75(17)

Z and Z′ 4 and 2

2 and 1
Two independent molecules
in the special position in the

centers of symmetry

D(calc) [g/cm3] 1.505 1.634

λ (Å) (MoKα) 0.71073 (CuKα) 1.54184

µ [mm−1] 3.679 13.554

F(000) 3880 2000

Theta Min-Max [Deg] 1.8–26.5◦ 2.7–76.7◦

Reflections Measured 310,069 55,670

Independent Reflections 35,148 16,836

Observed Reflections
[I > 2σ(I)] 23,952 15,034

Goodness of Fit 1.065 1.090
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Table 1. Cont.

Compound 2 3

R [I > 2σ(I)] R1 = 0.0677,
wR2 = 0.1564

R1 = 0.0394,
wR2 = 0.1040

R (all reflections) R1 = 0.1098,
wR2 = 0.1766

R1 = 0.0454,
wR2 = 0.1071

Max. and Min. Resd. Dens.
[e/Å−3] 3.140 and −2.185 2.04 and −1.28

Deposition Numbers in CCDC 2,215,024 2,215,025

In both complexes 2 and 3, two cyclic diphosphine ligands coordinate two gold (I)
ions via the P,P-bridging mode, forming a 12-membered metalomacrocycle. In the cation
of 2, the linear geometry of both gold(I) ions is realized by two phosphorus atoms of two
diphosphine ligands. Two chloride counterions are located in the outer sphere. Two gold
ions in the neutral complex 3 have a trigonal geometry formed by two phosphorus atoms of
two diphosphine ligands and the iodo-ligand (Au-I bond is 3.168(1) Å, Table S1). The linear
or T-shaped ligand environment, is often observed for the gold(I) atoms in complexes with
various ligands [21,34]. Unlike the previously reported dimeric gold(I) complexes of N-aryl
substituted 1,5-diaza-3,7-diphosphacyclooctanes, the geometry of the ligand environment
of the gold(I) ions in complexes 2 and 3 is slightly distorted from the ideal linear or T-shaped
geometry, due to the aurophilic interactions. The distances between the two gold(I) ions
in complexes 2 and 3 (2.9977(6) and 3.1680(5) Å respectively) are less than the sum of the
van der Waals radii [35,36] and drastically differ from the Au . . . Au distances observed
in the previously reported dimeric gold(I) complexes of N-aryl substituted 1,5-diaza-3,7-
diphosphacyclooctanes: 3.4994(5) Å (for the gold(I) chloride complex) and 4.8921(5)Å (for
the gold(I) iodide complex) (Figure 2) [28].
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The initial uncoordinated N,N-dibenzhydryl-P,P-bis(pyridylethyl) diazadiphosphacy-
clooctane exists in the “crown” conformation with a mutual orientation of two phosphorus
lone pairs leaning towards each other [30], that are pre-organized for the close arrangement
of the two coordinated gold(I) ions and the realization of the aurophilic interaction. Oppo-
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sitely, the phosphorus lone pairs of N-aryl substituted 1,5-diaza-3,7-diphosphacyclooctanes
are oriented in a nearly parallel manner, and therefore the aurophilic interactions were
not observed in the molecular structures for the previously reported dimeric gold(I) com-
plexes. [28,31]

Two 8-membered cyclic ligands in the complexes 2 and 3 have a twisted “chair-
boat” conformation with an equatorial orientation of the pyridylethyl substituents at the
phosphorus atoms and the benzhydryl substituent at the nitrogen atom in a “chair” part
of the ligands and an axial position of the benzhydryl substituent in a “boat” part of the
ligands. In the complex 2, the “chair” parts of the two ligands are located on the one side
of the metallocycle plane, whereas the “boat” parts of the two ligands are located on the
other side of the metallocycle plane (“cis-position”). One of the gold atoms is in a short
contact with a chloride ion (Au . . . Cl distance 3.03 Å), while no chloride ion is observed
at the second gold(I) ion. The equatorial sin-orientation of the two sterical hindered N-
benzhydryl substituents in the complex 2 probably prevents the close arrangement of the
chloride anions to the gold(I) atom from the “chair” side of the molecule, whereas the
axial anti-orientation of N-benzhydryl substituents on the “boat” side allows to locate the
chloride or solvent molecules nearly to the gold(I) cation. In the gold(I) iodide complex 3,
the “chair” part of one of the ligands and the “boat” part of the other ligand are located
on each side of the metallocycle plane (“trans-position”). In this case, there are no steric
restrictions in the coordination of the iodo-ligands to the gold atom.

Photophysical study. The UV/Vis spectrum of complexes 2 and 3 measured at the
DCM display absorption bands at ca. 250 and 330 (2) or 385 (3) nm, are also appropriately
predicted, computationally (Figure 3).
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Figure 3. Experimental (black) and calculated (red) UV/Vis spectra of complex 2 (a) and 3 (b). 
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Figure 3. Experimental (black) and calculated (red) UV/Vis spectra of complex 2 (a) and 3 (b).

The UV/Vis spectrum, simulated for the optimized structure of complex 2 with one
chloride ion coordinated to Au(I) (which was applied for the optimization, according to the
XRD structure) and the second chloride ion localized in the outer sphere, matches well with
the experimental curve (Figure 3a). According to the computations, the longest wavelength
absorption band (ca. 330 nm) is caused by the transitions from HOMO-3 to LUMO and
from HOMO-2 to LUMO. Analysis of these frontier orbitals (Figure 4) suggests the mixed
(M+X)LCT and intraligand charge transfer origins of the band.
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The longest wavelength absorption band of complex 3 at 385 nm, corresponds to the
S0-S1 transition at 360 nm, contributed mostly by the charge transfer from the highest
occupied to the lowest unoccupied orbitals (HOMO to LUMO, Figure 5). It should be
mentioned that for the previously reported N-aryl substituted gold(I) complexes [28], the
corresponding absorption bands appeared as tails at 350–370 nm. The more pronounced
absorption for complex 3 is most probably related with the aurophilic interactions in the
case of complex 3: Au···Au distance in the ground state is predicted to be equal to 3.19 Å
for 3, compared to 3.80 for the previously reported complex [28].
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Figure 5. Frontier orbitals of the singlet ground states (S0) at the optimized S0 of complex 3.

The dried powders of complexes 2 and 3 display a moderate emission in the solid state
in the bluish-green region of the spectra at room temperature (Figure 6). The emission max-
ima of chloride complex 2 at ca. 505 nm is blue shifted, in comparison with the iodide com-
plex 3 (λem 535 nm). The excitation spectra of both complexes are similar and represent the
broad bands of excitation with the maxima in the range of 350–410 nm. The UV/vis absorp-
tion spectra of complexes 2 and 3 measured in the solid-state (Figures S3 and S4) are similar
to the excitation spectra. The emission lifetimes with the values of ca. 0.35 (2) and 2.14 (3)
microseconds (Figures S5 and S6) indicate the phosphorescent origin of the luminescence of
the complexes. Notably, that the gold(I) complexes often demonstrate a phosphorescence
with the fast luminescence decay values of hundreds of nanoseconds [6,37,38].
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The origins of the observed emission were estimated quantum chemically on the
example of complex 3 with iodide ions. The analysis of the frontier orbitals suggests
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the dominating 3(M+X)C (metal-halide-centered) nature of the transition with a minor
contribution of 3MLCT (metal-to-ligand charge transfer). The computations predict the
T1-S0 transition at 512 nm for 3 which is in agreement with the experimental emission
(535 nm). The Au . . . Au distance in the triplet state of 3 is significantly shortened, compared
to the ground singlet state (3.19 Å→ 2.87 Å). The shortening of the Au···Au distances leads
to the strengthening of the aurophilic interactions and the localization of both the highest
occupied and lowest unoccupied orbitals (HOMOs and LUMOs) at the Au2I2 cluster of
complex 3 (Figure 7).
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Figure 7. Frontier orbitals of the singlet ground states (S0) at the optimized T1 (S0@T1, bottom)
geometries of complex 3.

The TDDFT computations predict the strong difference in the Au . . . Au distances in
the ground states of the previously reported N-aryl substituted gold iodide complexes,
compared to complex 3 (3.19 Å for 3 vs. 3.8 Å for the previous reported complexes),
whereas the Au . . . Au distances in the excited states have a comparable value (ca. 2.9 Å).
The decrease of the geometry changes upon the excitation of the molecule leads to the
decrease of the Stokes shift (150 nm) (Figure 8), which is observed, experimentally.
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For the optimized structures received from the XRD data, the computations predict the
T1-S0 transition at 649 nm, which does not meet the experimental observations. Therefore,
the quantum-chemically triplet states have been considered for other two possible struc-
tures: for dication of complex 2 without counterions (2a, Figure S7) and for the structure,
obtained by the computational replacement of the iodide anions in the optimized structure
of 3, by chloride ions (2b, Figure S7). The computations predict the T1-S0 transition at
462 nm for 2a and 513 nm for 2b. The experimentally observed emission at 505 nm is close
to the structure 2b, however the existence of the triplet state of 2a cannot be excluded. The
analysis of the frontier orbitals shows that model emission originates from 3L(X+M)CT for
2a transitions and from 3(M+X)C transitions for 2b (Figure S8). We attempted to interpret
the photophysical properties of 2 by the comparison of 2 with the previously reported Au(I)
chloride dimeric complex of N-p-tolyl substituted 1,5-diaza-3,7-diphosphacyclooctane [28]
and with complex 3. Taking into account that the photophysical experiments and the
TDDFT calculations predict the 3(M+X)C origin of the emission of complex 3 and the previ-
ously reported complexes [28], the emission of 2 could also be suggested to be caused by
the 3(M+X)C transitions. The previously reported N-aryl substituted dimeric Au(I) chloride
complexes displayed a green emission with the maxima at 540–548 nm [28]. The differ-
ence between the Au . . . Au distances in the ground state and the exited state (3.49 Å→
2.84 Å) of the previously reported chloride complex [28] is stronger, than that for complex
2, due to the shorter Au . . . Au distance in the ground state of 2 (3.17 Å). Possibly, the short
Au . . . Au distance of complex 2 is the main reason for the strong hypsochromic shift of the
emission band up to 505 nm relative to the previously reported gold(I) dimeric complex of
N,N-p-tolyl substituted 1,5-diaza-3,7-diphosphacyclooctanes.

3. Materials and Methods

All reactions and purifications were carried out under a dry argon atmosphere using
standard vacuum-line techniques. The commercially available solvents were purified,
dried, deoxygenated, and distilled before use. Au(tht)Cl was obtained according to the
previously reported procedure [39]. 1,5-Bis(benzhydryl)-3,7-bis(2-(pyridine-2′-yl)ethyl)-1,5-
diaza-3,7-diphosphacyclooctane was synthesized and purified, according to the experimen-
tal procedures described, previously [28]. All other compounds are commercially available.

1H NMR (600.1 MHz) and 31P NMR (242.9 MHz) spectra were recorded on a Bruker
Avance 600 spectrometer and 1H NMR (400.13 MHz) and 31P NMR (161.96 MHz) spectra
were recorded on a Bruker Avance 400 spectrometer using the residual solvent as an internal
reference for 1H (δ = 1.94 ppm in CD3CN, δ = 7.26 in CDCl3) and 85% aqueous solution
of H3PO4 as an external reference for 31P. The chemical shifts are reported in ppm and
the coupling constants (J) are reported in Hz. The ESI MS measurements were performed
using an AmaZon X ion trap mass spectrometer in the positive and negative modes. The
mass spectra are given as m/z values and relative intensities (Irel, %). Acetonitrile was
used as a solvent for the mass spectrometry measurements. The CHN-elemental analysis
was carried out on the EuroEA3028-HT-OM «Eurovector SpA». The elemental analysis for
halogen was carried out by the determination of the quantitative content of the halogens,
according to the Schöniger method. The elemental analysis for the metal traces and
phosphorus was carried out using the gravimetric method of analysis.

Photophysical measurements. The electronic absorption (UV-Vis) spectra were recorded
at room temperature on a PerkinElmer Lambda 35 spectrometer with a scan speed of
480 nm/min, using a spectral width of 1 nm. All samples were prepared as solutions in
dichloromethane with concentrations of ~10−5 mol·L−1 and placed in 10 mm quartz cells.
The solid-state excitation and emission spectra were measured on Fluorolog-3 (Horiba) and
Fluorolog QM-75-22-C (Horiba) spectrofluorimeters. LED (370 nm, pulse duration 1.2 ns)
was used to carry out lifetime measurements at room temperature. The quantum yields of
luminescence were measured using the integration sphere QuantaPhi (Horiba).

Computational Methods. Quantum chemical calculations were performed with the
Gaussian [40] suite of programs. The ground/excited-state structures were optimized
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with the use of the hybrid PBE0 functional [41] and Ahlrichs’ triple-ζ def-TZVP AO basis
set [42]. In all of the geometry optimizations, the D3 approach [43] to describe the London
dispersion interactions, together with the Becke–Johnson damping function [44–46] were
employed as implemented in the Gaussian 16 program. The time-dependent density
functional response theory (TDDFT) has been employed to compute the vertical excitation
energies (i.e., absorption wavelengths) and the oscillator strengths for the ground-state
optimized geometries in the gas phase, the 50 lowest singlet excited states were taken into
account. The procedure was analogous to the one described elsewhere [47]. The calculated
spectra were shifted by –0.24 eV. The vertical T1-S0 transition energies were also computed
within the TDDFT approach at the PBE0/def-TZVP level at the triplet geometries optimized
by UPBE0–D3(BJ)/def-TZVP level of theory.

Single Crystal X-ray Diffraction. The X-ray diffraction study of complex 2 was
conducted on a Bruker D8 QUEST automated three-circle diffractometer with a PHOTON
III area detector and an IµS DIAMOND microfocus X-ray source ([MoKα] = 0.71073 Å) at
110(2) K. The single crystal 3 was studied on a Rigaku XtaLAB Synergy S with a c HyPix
area detector and an PhotonJet microfocus X-ray source (CuKα) = 1.54184 Å) at 100(2) K.
The diffraction data were collected and processed using APEX3 and CrysAlisPro packages.
The structures were solved by direct methods with the SHELXT program [48] and were
refined by the least-squares method on F2 using the SHELXL software [49]. The non-
hydrogen atoms were refined in the anisotropic approximation. All hydrogen atoms were
calculated geometrically and refined using the riding model. In crystal 2, was found the
total potential solvent accessible void volume (SOLV-Map Value) 454 Å3, but the solvate
molecules were not found from the different Fourier maps of electron density, and the final
stages of the structure refinement were performed using the SQUEEZE procedure of the
PLATON program [50]. Crystal 2 is a solvate with CH2Cl2 and an unspecified solvent. The
crystal data of structures 1 and 3 were deposited with the Cambridge Crystallographic
Data Centre; the CCDC codes and the most important characteristics are listed in Table 1.

Synthetic Procedures.
Complex 2. A solution of [AuCl(tht)] (0.046 g, 0.145 mmol) in acetone (5 mL) was

added to a solution of 1 (0.100 g, 0.145 mmol) in acetone (5 mL). The reaction mixture
was stirred at room temperature for 2 h, the resulting white precipitate was isolated by
filtration, washed with acetone, and dried under a reduced pressure. The yield was 0.100 g
(76%). The elemental analysis, calculated for C88H92N8P4Au2Cl2 [1850]: C 57.12, H 5.01,
N 6.06, P 6.70, Au 21.29, Cl 3.83%. Found: C 57.27, H 5.07, N 6.13, P 6.56, Au 21.25, Cl
3.71%. MS (ESIpos, m/z (Irel, %), ion): 889 (100) [M-2Cl]2+. 1H NMR (CD2Cl2, ppm): δH
8.31 (d, 3JHH = 4.44 Hz, 2H, H-Py), 7.47–7.58 (m, 8H, H-Bnz), 7.43 (ddd, 3JHH = 7.52 Hz,
3JHH = 7.52 Hz, 4JHH = 1.71 Hz, 2H, H-Py), 7.24–7.32 (m, 8H, H-Bnz), 7.15–7.22 (m, 4H, H-
Bnz), 6.99–7.06 (m, 2H, H-Py), 6.86 (d, 2H, 3JHH = 7.86 Hz, H-Py), 5.33–5.39 (m, 2H, H-Bnz),
3.85–4.15 (m, 4H, H-PCH2N), 3.72–3.84 (m, 4H, H-PCH2N), 2.55–2.71 (m, 4H, H-CH2CH2P),
1.93–2.05 (m, 4H, H-CH2CH2P)). 31P{1H} NMR (CD2Cl2, ppm.): δP 31.04 ppm.

Complex 3. A solution of AuI (0.047 g, 0.145 mmol) in acetone (5 mL) was added to
a solution of 1 (0.100 g, 0.145 mmol) in acetone (5 mL). The reaction mixture was stirred at
room temperature for 2 h, the resulting white precipitate was isolated by filtration, washed
with acetone, and dried under a reduced pressure. The yield was 0.150 g (90%). Elemental
analysis, calculated for C88H92N8P4Au2I2 [2033]: C 51.98, H 4.56, N 5.51, P 6.09, Au 19.37,
I 12.48%. Found C 52.04, H 4.59, N 5.48, P 6.02, Au 19.41, I 12.45%. MS (ESIpos, m/z (Irel,
%), ion): 1905 (100) [M-I]+, 889 (50) [M-2I]2+. 1H NMR (CD2Cl2, ppm): δH 8.26–8.32 (m,
2H, H-Py), 7.41–7.52 (m, 8H, H-Bnz), 7.35–7.40 (m, 2H, H-Py), 7.27–7.34 (m, 8H, H-Bnz),
7.16–7.27 (m, 4H, H-Bnz), 6.95–7.01 (m, 2H-Py), 6.80 (d, 3JHH = 8.07 Hz, 2H, H-Py), 3.92–4.24
(m, 4H, H-PCH2N), 3.52–3.64 (m, 4H, H-PCH2N), 2.58–2.70 (m, 4H, H-CH2CH2P), 1.91–2.07
(m, 4H, H-CH2CH2P)). 31P{1H} NMR (CD2Cl2, ppm.): δP 32.05.
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4. Conclusions

In summary, new dimeric gold(I) chloride and gold(I) iodide complexes with N,N-
bis(benzhydryl) substituted 1,5-diaza-3,7-diphosphacyclooctanes were obtained. The XRD
structures of the complexes demonstrate the strong aurophilic interactions, which are
strengthened by the preorganized initial geometry of the ligand. The thorough analysis
of the structures and the luminescence of the gold complexes, based on N,N-diaryl and
N,N-dibenzhydryl substituted 1,5,3,7-diazadiphosphacyclooctanes reveals the strong in-
fluence of the mutual orientation of the phosphorus lone pairs in the initial ligands on
the geometry of their dimeric gold complexes. They are directed to each other through
the arrangement of the phosphorus lone pairs in N,N-dibenzhydryl substituted 1,5,3,7-
diazadiphosphacyclooctanes, and is preorganized for the realization of the strong aurophilic
interactions in the complexes. It plays a significant role for the emission properties, mostly
by the increase of the rigidity of the molecule, which results in the slight geometrical
changes during the transition from the ground to the excited states of the complexes. It
reflects the decreased Stokes shift in the gold iodide complex and in the hypsochromic shift
of the emission of the gold chloride complex.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/inorganics10120224/s1.
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