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A new class of the aggregation of the gold(I) phosphine
complex with pentafluorobenzenethiolate ligand through inter-
molecular quadrupole interactions was designed and character-
ized both by X-ray crystallography in solid state and by electro-
spray ionization mass spectroscopy in solution.

A great deal of research has focused on the structural chem-
istry of gold(I) complexes with d'° closed-shell electronic struc-
ture, since various types of supramolecules, which have 1-D
chain or 2-D sheet structure, have been constructed through in-
termolecular interactions such as the aurophilic interaction.'
Noncovalent interactions, namely, the hydrogen bonding and
the 7T—7r stacking also contribute largely to the construction of
the solid-state structure and packing arrangements of gold(I)
complexes as well as the aurophilic interaction.”” It is well
known that the cooperation with electron-deficient fluorinated
aromatics and electron-rich aromatics can induce the electrostat-
ic quadrupole stacking interaction and contribute to the architec-
ture of extended structures in crystal.“’5 A gold(I) phosphine thi-
olate complex, Ph_gPAu(SC6F5),6 is a potential example of the
formation of such an electrostatic quadrupole interaction in crys-
tal, since this complex contains both aromatics in the phosphine
and fluorinated aromatic in the thiolate ligand in its molecular
system, but the crystal structure has not been determined. We re-
port here a new class of supramolecular aggregation of the
gold(I) thiolate complex through the quadrupole interaction
not only in crystal but also in diluted solution.

Figure 1. ORTEP’ drawing of 1 at 50% probability level. Dotted
lines show possible intramolecular close contacts. Selected bond dis-
tances (A) and angles (°): Aul-Sl1, 2.310(2); Aul-P1, 2.251(2); S1-
Cl, 1.765(8); Aul-F1, 2.908(5); F1-HI1, 2.585; P1-Au-SI,
174.44(8); Aul-S1-C1, 108.4(3).

The crystal structure of the present complex, PhsPAuSCgFs
(1) was determined by X-ray diffraction method for the first
time.”® The gold centre of 1 has linear two-coordinate geometry
with tertiary phosphine and thiolate ligands, the P1-Aul-S1 axis
deviates slightly from the linearity (Figure 1). The P1-Aul-S1
angle, the Aul-S1 and the Aul-P1 bonds correspond to those
of a series of gold(I) phosphine thiolate complexes [P—Au-S:
171.01-176.53°,  Au-S: 2.285-2.303A, Au-P: 2253
2.269 A1.>'” The S1-C1 bond distance and the Aul-S1-C1 an-
gle are also consistent with those of the analogous complexes
and reveal the single bond character as a thiolate [S—C: 1.739—
1.801 A, Au-S—C: 96.35-110.82°1.>'" The most remarkable
structural feature is the almost parallel orientation of the fluori-
nated phenyl ring (C1 ring) of the thiolate ligand and one of the
phenyl rings (C7 ring) of phosphine ligand in the molecule,
where the dihedral angle between them is 1.8(3)° (Figure 1).
The Aul-S1-C1-C2 torsion angle of 19.4(9)°, which is the
smallest value in this type of gold(I) complexes [Au-S—-C-C:
22.27-77.29°1,%' reveals that the C1 ring and the C7 ring are
not on an identical plane. The F1 and the H1 atoms show close
contact (C—H distance is fixed at 0.95 A), where the F1-H1 dis-
tance (2.585 A) is slightly shorter than the sum of the van der
Waals radii (2.67 A) of the H (1.20 A) and F (1.47 A) atoms."'
The distance of Aul-F1 of 2.908(5) A, is also shorter than the
sum of the van der Waals radii (3.13 A) of the Au (1.66 A) and
F atoms.'! This relatively short interatomic distance is consistent
with those of gold complexes, [Aus(it3-SCsFs5)2(CeFs)e(t-
dpph1"? (290 A), [Auy(u-SCeFs)(i-dpph)ICIO,"*  (3.10A)
and values of the F—Ag distances of various silver complexes
[2.602(10)-2.982(6) A1."? These intramolecular close contacts

Figure 2. 2-D network through CgFs—C¢Hs (1), CgFs—CgFs
[CEEEE ), and C¢Hs—CeHs (----- ). Unrelated phenyl rings of phos-
phine ligands are omitted for clarity.
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can play a role to increase in structural rigidity, and may facili-
tate intermolecular contacts.

No intermolecular aurophilic interaction was observed, but
the molecules were stacked each other in crystal through various
types of intermolecular 77T interactions. The fluorinated phenyl
ring of the thiolate ligand and the phenyl ring of the phosphine
ligand of the neighboring molecule show parallel displaced close
contact. The least-square distance is 3.39(1) A, and an intermo-
lecular quadrupole interaction can exist, resulting in forming a
pseudocyclic dimer (Figure 2). The dimer also alternatively
stacks to form sheet-like structure in ab plane (Figure 2). The
777 interaction based on the fluorinated phenyl rings shows
out of alignment as with the quadrupole interaction, where the
distance between the mean planes [3.49(1)1&] corresponds to
those of the (n-Bu4N)[Au(SC(,F5)4].3 The m—m interaction
through the phenyl rings also shows the parallel displaced struc-
ture, where the distance between the mean planes [3.65(1) Alis
longer than that of the fluorinated phenyl rings. These interac-
tions must be responsible for the further assembly of the com-
plex dimer and the stabilization of the crystal structure. As the
result of assembly, the complex 1 shows 2-D sheet-like molec-
ular network in the crystal. The packing structure is layered
and 2-D sheets pile up along ¢ axis with orthogonal rotation
through the weak edge-to-face C—H- - -7r intermolecular interac-
tions [2.765(5) A] between the phenyl rings of the phosphine li-
gand (H13 of C19 ring and C13 ring of adjacent molecule).
Thus, the molecule is tightly packed in the crystal through the
3-D linkage.

Electrospray ionization mass spectroscopy (ESIMS) was
conducted to the dilute acetonitrile solution (2.4 x 107>
mol dm_3).13 The positive-ion spectrum of the complex dis-
played significant peaks at m/z 1338.7 (relative intensity: 38),
1117.2 (100), and 721.4 (20) as shown in Figure 3. These m/z
values  correspond to  [Ph3PAu(SCgFs)]l, + Na™,
[(Ph3PAu),(SCeFs)]™, and [(Ph3P),Au]™, respectively. Howev-
er, no peaks corresponding to monomeric species such as
Ph3;PAu(SCeFs) + H™ at m/z 659 or Ph3PAu(SCgFs) + Na*
at m/z 681 were detected. In the previous report of the FABMS
measurement for the same complex, the peaks due to the dimer
were absent but those of the monomer were present.6 However,
the “softness” of the ESI method provides direct evidence of the
existence of the dimeric species in diluted solution without frag-
mentation. In addition, MS/MS measurement to the selected
precursor ion (m/z 1338.7) gave new peak at m/z 681.0 (0.3)
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Figure 3. EST mass spectrum of the complex 1 in 2.4 x 107
mol dm~3 acetonitrile solution. The inset shows MS/MS of the select-
ed precursor ion (m/z 1338.7).
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which corresponds to the monomer species obtained by the col-
lision-induced dissociation of the dimer, together with 1117.1
(56) and 721.3 (100) (the inset of the Figure 3). Thus, these re-
sults can be explained by the fact that the complex still exists in
the dimeric form even in the diluted solution and the dual elec-
trostatic quadrupole interaction which may be responsible for
this dimeric aggregation, suggesting that the quadrupole interac-
tion® should be more stable than the other interactions in this
molecular system. In other words, [Ph3sPAu(SCsFs)], as a dimer-
ic form is reasonable for the chemical formula of this complex
rather than Ph3PAu(SCgF5) as a monomeric form. In conclusion,
the gold(I) phosphine thiolate complex, PhsPAu(SCgFs) shows
molecular aggregation through the electrostatic quadrupole in-
teraction between the phenyl and fluorinated phenyl rings in
the solid state and even in solution, leading to the new class of
supramolecular aggregation.
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