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Novel Luminescent Binuclear Gold(1) Isocyanide Complexes. Synthesis, Spectroscopy,
and X-Ray Crystal Structure of Au,(dmb)(CN), (dmb = 1,8-di-isocyano-p-menthane)

Chi-Ming Che,* Wing-Tak Wong, Ting-Fong Lai,* and Hoi-Lun Kwong
Department of Chemistry, University of Hong Kong, Pokfulam Road, Hong Kong

Reaction of K[AuCl,] with dmb (1,8-di-isocyano-p-menthane) in boiling ethanol yielded Au,{(dmb)(CN), with an
intramolecular Au—-Au separation of 3.536 A; excitation of Au,(dmb)(CN), in fluid solution and in the solid state
leads to photoluminescence (Amax. ~468 nm, 1o 0.13 us in degassed CH,Cl,).

Binuclear metal complexes which are co-ordinatively unsatu-
rated and possess long-lived excited states in fluid solutions
are found to exhibit novel photochemistry.l-2 An example is
the intensely luminescent tetrakis(pyrophosphito)diplati-
nate(1r) which catalyses the photochemical cleavage of C-H
bonds under mild conditions.2 In our search for photocatalysts
for C-H bond activation, we are interested in the 14e
two-co-ordinated gold(1) system. Our interest is also stimu-
lated by previous spectroscopic work, indicating that metal-to-
ligand charge-transfer excited states of d!® metal complexes
with m-acceptor ligands are usually long-lived.3.# We describe
here the synthesis and spectroscopic properties of
Auy(dmb)(CN), (dmb = 1,8-di-isocyano-p-menthane)
obtained by dealkylation of the isocyanide. Apart from its
interesting photophysical properties, this Aul complex, which
has been characterised by X-ray crystallography, also provides
a good model system for weak solid-state d10-d10 interactions.

Reaction of K[AuCl,] with excess of dmb in boiling ethanol
for 30 min led to the formation of the air-stable solid
Auy(dmb)(CN), in >30% yield. Its i.r. spectrum shows v(CN)
and v(RNC) stretches at ~2200 and 2290 cm~! respectively,
and its X-ray crystal structure is shown in Figure 1.¥ The dmb
ligand bridges two Au atoms in the syn configuration and trans
to CN-.

An important structural feature is the intramolecular
Au-Au distance of 3.536 A, which is much longer than values
found in other binuclear Au! complexes;5-7 for example, the
Au-Au distances in [n-BuyN];[Au{S,C,(CN),}], and
Au,y[(CH,),PMe,], are 2.796(1)5 and 3.005(3) A¢ respec-
tively. It is, however, close to the intermolecular Au-Au
distances in K[Au(CN),] (3.64 A)38 and Au(MeNC)(CN)
[3.52—3.72(4) A],9 but is significantly shorter than the normal
bite distance of dmb (4.4—4.5 g‘), as found in [Rhy-
(dmb),]2+ 19 and Pdy(dmb),1,.1! This indicates the presence of
a metal-metal bonding interaction in the solid state, an

+ Crystal data: C 4H gAu,N,, M, = 636.33, monoclinic, space group
P2)/c,a =17.024(2), b = 15.255(2), c = 15.565(2) A, B = 101.33(2)°, V
=1635.1A3,Z=4,D_=2.585 D, =2.52 gem~3, u(Mo-K,) = 178.4
cm-!, F(000) = 1152, no. of parameters (p) 182, no. of independent
data measured 3352, no. of observed data with F,, > 30F,(n) 2137, R
= 0.050, R,, = 0.059. The maximum and minimum residues in the
final AF synthesis were 1.30 and —1.10 e A3 in the neighbourhood of
the Au atoms. Diffraction data were collected on an Enraf-Nonius
CAD4 diffractometer with graphite monochromated Mo- K, radiation
(A =0.71073 A) at 298 K t0 26,,,,, = 52°. Intensity data were corrected
for Lorentz, polarization, and absorption effects. The empirical
absorption correction was based on a W scan with transmission factors
0.512—0.999. Calculations were carried out on a Microvax II
computer using the Enraf-Nonius SDP package. The Au atoms were
located from Patterson syntheses and all the other non-hydrogen
atoms from subsequent Fourier maps. Refinements was by full-matrix
least-squares: non-hydrogen atoms anisotropically, with the hydrogen
atoms at calculated positions (C-H 0.95 A) with assigned isotropic
thermal parameters. Atomic co-ordinates, bond lengths and angles,
and thermal parameters have been deposited at the Cambridge
Crystallographic Data Centre. See Notice to Authors, Issue No. 1.

interaction which may be responsible for the luminescent
behaviour of solid K[Au(CN),].3¢ As a result of this interac-
tion, the two isocyano groups are bent towards each other,
resulting in a significant deviation of the NC-Au—-C(isocyan-
ide) angles (173.4 and 173.5°) from 180°. The respective
Au—-CN and Au-C(isocyanide) distances of 1.95—2.00(1) and
1.96—1.98(1) A are similar to values found in
Au(MeNC)(CN).% The C=N distances of 1.10—1.13(2) A are
normal.

The spectroscopic and photophysical data of
Au,(dmb)(CN), are in Table 1. Its u.v.—visible spectrum
(Figure 2) is characterized by two intense vibronic structured
absorption bands, I and I, in the region 200—260 nm and very
weak absorptions at 260—350 nm in the tail of band II. With
reference to previous spectroscopic work on Au! com-
plexes,3:4 bands I and II are assigned to the spin-allowed
metal-to-ligand charge-transfer transition. The similar optical
spectra of Auy(dmb)(CN), and Au(MeNC)(CN) are in accord
with the long Au-Au distance found in the former system.

Table 1. Photophysical properties of Auy(dmb)(CN),.

Emission, Lifetime/

Medium Mnm us at 298 K
Solid 456 0.59
CH,Cl, 458 0.13

Figure 1. Perspective drawing and atomic numbering of
Au,(dmb)(CN),. Thermal ellipsoids are drawn at 30% probability
level. Bond distances (A): Au(1)-C(1), 1.95(1); Au(1)-C(3), 1.96(1);
Au(2)-C(2),2.00(1); Au(2)-C(4), 1.98(1); N(1)-C(1), 1.10(2); N(3)-
C(3), 1.13(2); N(3)-C(5), 1.53(2); N(2)-C(2), 1.11(2); N(4)-C(4),
1.10(2); N(4)-C(10), 1.54(2). Bond angles (°): C(3)-Au(1)-C(1),
173.4(5); C(4)-Au(2)-C(2), 173.5(5); Au(1)-C(1)-N(1), 171(1);
Au(1)-C(3)-N(3), 175(1); Au(2)-C(2)-N(2), 170(1); Au(2)-C(4)-
N(4), 177(1).
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Figure 2. Room temperature u.v.—visible absorption (a), excitation
(b), and emission (c) spectra of Au,(dmb)(CN), in CH,Cl,.

Excitation of Au,(dmb)(CN), at 250—340 nm in the solid
state or in fluid solutions leads to photoluminescene (Table 1).
The solid-state emission spectrum is similar to that of solid
K[Au(CN);],3c with a high-energy emission at ~458 nm and a
weak, broad, orange emission at 600—700 nm. In fluid
solution, only the 458 nm emission is observed (Figure 2). The
large Stokes shift between the energies of the 458 nm emission
and band II cannot be explained by excited-state distortion
and suggests that the 458 nm emission comes from a low-lying
spin-forbidden state, which is probably at 338 nm, the
excitation Ap,, of the 458 nm emission (Figure 2).

The observation of a reasonably long-lived (g is 0.13 ps,

J. CHEM. SOC., CHEM. COMMUN., 1989

Table 1) and high-energy (~2.8 eV) excited state of
Au,(dmb)(CN), in fluid solution indicates the potential rich
photochemistry of the binuclear Au! system. The co-ordina-
tive unsaturated nature of Au! may facilitate substrate
binding, which is important for multi-electron atom-transfer
reactions. Recent studies have shown that Au,(tmb)(CN),
(tmb = 2,5-dimethyl-2,5-di-isocyanohexane)!2 can be pre-
pared by a similar route, suggesting the possibility of tuning
the excited-state properties with variation of the structure of
the bridging di-isocyanides.
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