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A Highly Soluble Luminescent Decanuclear
Gold@® Complex with a Propeller-Shaped
Structure**

Vivian Wing-Wah Yam,* Eddie Chung-Chin Cheng,
and Zhong-Yuan Zhou

The chemistry of polynuclear d'° metal systems has
attracted numerous studies in the past few decades, and many
of them involved the investigation of their structure and their
photoluminescent behavior.ll. These properties are often
affected by the presence of weak metal—metal interactions
as a result of a relativistic effect that leads to the contraction
of the ns orbital of the d'° metal center.?! This effect is most
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prominent for gold and leads to the phenomenon of aurophil-
icity commonly found in gold complexes, in which aggregation
through short sub-van-der-Waals gold—gold contacts of
around 3.05 A occurs.®! Chalcogenides, with their propensity
to bridge metal atoms, could serve as ideal candidates for
polynuclear metal complex formation. Although chalcogeni-
do copper(1) and silver(1) clusters are known and a number of
them have been structurally characterized, most are insoluble
or have low solubility in common organic solvents.[! Exam-
ples of soluble polynuclear d'® metal chalcogenides are scarce,
especially those of gold.P7)

Recently, we reported the isolation of a series of soluble
tetranuclear copper() and silver(l) chalcogenido complexes
with the general formula [M,(u-dppm),(u,-E)]X, (M =Cu,
Ag; dppm = bis(diphenylphosphanyl)methane; E=S, Se, Te;
X =PF,, OTf = trifluoromethanesulfonate),®!, as well as the
dodecanuclear gold(i) sulfido complex [Au,,(u-dppm)e(us-S).]-
(PFy),.[1 All were structurally characterized and shown to
exhibit rich photophysical properties. Structurally related
gold(l) complexes with the general formulas [E(AuPPh;);]*
(E=S, Se, Te) and [E(AuPPh;),]** (E=S, Se) were also
reported.l Here we report the synthesis and the structural
characterization of a novel soluble, high-nuclearity lumines-
cent us-sulfidogold(l) complex with bridging diphosphanyl-
amine ligands, namely, [Au;o(u-PNP),(us-S),](PFs), (PNP =
Ph,PN(nPr)PPhy,).

Reaction of H,S with a suspension of [Au,CL(PNP)]” in
ethanol/pyridine followed by metathesis reaction with
NH,PF; in methanol and recrystallization from acetone/
diethyl ether afforded [Auy(u-PNP),(us3-S),](PFs), (1) as
yellow crystals in 72% yield. The formulation of 1 was
confirmed by elemental analyses, positive FAB and ESI mass
spectrometry, '"H and 3P NMR spectroscopy, 'H-'H COSY
experiments, and measurement of the molar conductivity.['"]
The solid-state structure was established by X-ray crystallog-
raphy (Figure 1).01

Figure 1. Perspective view of the complex cation of 1 with the atomic
numbering scheme. Only the ipso-C atoms of the phenyl rings are shown
and hydrogen atoms are omitted for clarity. Thermal ellipsoids are drawn at
the 30 % probability level. Atoms with the notations A have coordinates at
(—y+12,x4+N12,—z4+12),Bat(y—/12,—x+/12,—z+/12),and Cat
(=x,—y+1,2).
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Complex 1 is composed of four PNP-Au, units linked
together by four S atoms, whereby opposite pairs of S atoms
are bonded to the two Aul and AulA atoms at the core in a
linear fashion. Significant intramolecular Au--- Au interac-
tions exist; most of the Au—Au distances lie in the range of
3.026-3.278 A, and the Aul—AulA distance is 3.1553(5) A.
These values are comparable to those in [Au{S(AuPPh;),},]-
[(CH;);SnCl,] (3.030(2)-3.213(2) A)1 and [Au,,(u-dppm);-
(u5-S)4](PFq); (2.905(2)-3.272(2) A).1) Exceptionally long
Au—Au distances of 3.613 A are found for AulA—Au2,
Aul—Au2B, AulA—Au2C, and Aul—Au2A. The Au—S bond
lengths of about 2.3 A are in the range generally observed for
Au'—u;-S compounds.> 7> 131 All the Au' centers are two-
coordinate, with P-Au-S angles of 165.60(3) and 173.88(3)°,
and S-Au-S angles of 170.32(4)° that deviate from ideal linear
geometry. The Au-S-Au angles range from 81.67(2) to
102.97(3)° and thus deviate from the 90° expected for bonding
that involves sulfur 3p orbitals. Similar findings were reported
for other related us-sulfidogold(r) systems.[7» 3] The coordi-
nation geometry about the nitrogen atom of the diphospha-
nylamine ligand is almost trigonal-planar, and the atoms N1,
P1, P2, and C13 all lie approximately on the same plane. Such
a planar geometry is commonly found in compounds involving
this class of ligands. 14

The *'P{'"H} NMR spectrum of 1 at ambient temperature
showed a pair of doublets at 6 =83.1 and 85.5 (Jpp =115 Hz),
and this indicates the presence of two different phosphorus
environments, P, and Pg. The observation of a two-spin AB
pattern is in line with the results predicted when the differ-
ence in chemical shifts has the same order of magnitude as the
coupling constant Jpp*t The inequivalence of the two P
environments supports the assignment of a local S, symmetry
in solution, with the principal symmetry axis coincident with
the Aul—AulA bond axis, such that the two P environments
could not be interchanged by any symmetry operations of the
S, point group. The four nPr groups are magnetically
equivalent in solution. From the room-temperature 'H NMR
spectrum, five multiplets at 6 =2.80, 2.33, 0.85, 0.27, and 0.04
with integral ratios of 1:1:1:1:3 were observed for the protons
of the n-propyl groups, namely, {H,, Hg}, {H¢, Hp}, and Hg,
respectively (Figure 2). The splitting of the H, —Hy and H¢—
Hj, signals may be explained by their diastereotopic relation-
ship, which is induced by the slow inversion at the nitrogen

2+

Figure 2. The proposed structure of the complex cation of 1 in solution on
the NMR timescale.
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atom. Similar findings were reported for a number of
compounds with a chiral nitrogen center or a ring structure
with restricted rotation.'”! The Hg protons are much less
affected on the NMR timescale simply as a result of their
greater distance from the nitrogen atom. A 'H-'H COSY
experiment confirmed the diastereotopic relationship be-
tween the protons rather than the presence of two different n-
propyl environments, as the five proton environments are
correlated with the protons on the adjacent carbon atoms
(Figure 3). It further suggests that, in solution, the nitrogen
atom may have a nonplanar geometry that allows an inversion
process to occur and is different from that in the solid state.
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Figure 3. The 'H-'H COSY spectrum of 1 at 298 K in CD,Cl,, showing
the correlations between the n-propyl protons. * = solvent peak.

The electronic absorption spectrum of 1 in CH,Cl, shows
low-energy absorption bands at about 336 and 400 nm
(Table 1). The low-energy band at 400 nm, which is absent
in the Au' precursor [Au,Cl,(PNP)], is likely to originate from

Table 1. Photophysical data for 1.

Aaps [nm] (& [dm*mol~tcm™!]) Medium  T[K] A, [nm] 7, [ps]

268 (71620), 336 (24920), 400 (3930) CH,Cl, 298 510,759 0.10
(CH;),CO 298 509,768 0.11
Solid 298 522,657 0.23,1.28M
Solid 77 526,662 3.77

[a] Biexponential decay.

a ligand-to-metal charge transfer transition modified by an
Au--- Au interaction (LMMCT; S —Au). The higher energy
absorptions at about 268 and 336 nm, which are also exhibited
by the PNP ligand and [Au,CL(PNP)], are assigned to an
intraligand transition and a metal-perturbed intraligand
transition, respectively. Excitation of 1 in the solid state or
in solution with visible light at room temperature and at 77 K
results in intense dual luminescence in the green and orange-
red regions. The radiative lifetimes in the microsecond range
are suggestive of a triplet parentage. With reference to
previous spectroscopic work on d'* chalcogenido systems,® & ]
the low-energy emission is tentatively assigned to originate
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from triplet states of a ligand-to-metal charge transfer
character that mix with metal-centered (ds/dp) states modi-
fied by Au--- Au interactions (LMMCT; S — Au), whereas the
high-energy emission at ca. 500 nm is attributed to metal-
perturbed intraligand phosphorescence.
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Metal-Mediated Transfer of Electrons between
Two Different C—C Single Bonds That Function
as Electron-Donor and Electron-A cceptor
Units**

Federico Franceschi, Euro Solari, Rosario Scopelliti,
and Carlo Floriani*

Two complementary electron-storage and -releasing units
are the fundamental constituents of storage cells!!! and
molecular devices devoted to long-range electron-transfer
processes.!l. The C—C single bonds formed by oxidative
(Scheme 1a)P! or reductive coupling™ (Scheme 1b) can be
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Scheme 1. Reversible two-electron oxidative (a) and reductive coupling
(b) to form C—C bonds. R =Et.
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