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Isolation and Structural Characterization of Table 1. Data Collection and Refinement Parameters for
[P(AuPPhy)s][BF 4], via Cleavage of a P-P Bond [L][BF 42 3CHCL

by Cationic Gold Fragments: Direct Evidence of ff\?lzngig%l 5f07rmu|ai GaHe1AUsBCleFaPs

the St(ucture of .the EIgswe ' space groupP24/c (No. 14)
Tetrakis[phosphineaurio(l)]phosphonium(+) cell dimens:

Cation a=26.399(5) A

b=14.879(3) A
c=124.044 (5) A

; B =91.71(3}
Robert E. Bachman and Hubert Schmidbaur* volume= 9440(5) &
. . . . . Z=4
Anorganisch-chemisches Institut der Technischen Univirsita F(000)= 5232
Miinchen, Lichtenbergstrasse 4, D-85747 Garching, Germany temp= 211K

no. of indep reflcns collcd: 1566Rg: = 0.00)
no. of obsd reflcns: 1185%(> 4oF)
no. of refined params: 1026
R=4.43%
Introduction Ry=3.89%
goodness of fit: 1.56

Over the past decade interest in compounds containing gold- AR = S|Fo — F/SFo: Ry = [SWIFs — FoP(F9]¥% GOF =
() fragments has grown steadity One reason for this interest [SWIFo — FCISI(M _CN)]U%’. M = number of observed reflection. —
is the isolobal analogy between protons, carbonium ions, and number of parameters and= [0%(Fo) + 0.000124 ). ’
[LAu()] ™ fragments (L= 2 electron donor). This analogy can

be seen easily by comparing isostructural pairs of compounds|p(AuPPh)s]2* !t as the sole isolated product. Interestingly,
such as [BO]*2 and [(PRPAu)O]* 2 or [RiN]* and [(Ph- the structural characterization of this cluster revealed a square
PAURN]* 4 (R = H, alkyl, aryl). However, as powerful as the  pyramidal arrangement of the gold atoms in contrast to the
isolobal analogy is, there are several notable exceptions suchyiigonal bipyramidal structure expected by classical bonding
as the unusual square pyramidal geometry observed for [As-arguments and in analogy with the previously characterized
(AuPPh)4] ™5 rather than the expected tetrahedral geometry nitrogen analog.

based on comparison with all other known examples of arsonium

cations. Other intriguing exceptions are the stability of the Experimental Procedures

hypercoordinate species [C(AUPRt,® [C(AuPPh)¢]2t,” and

[N(AuPPh)s]2* 8 for which no analogous compounds based on ~ General Considerations. All reactions were carried out in oven-
organic fragments exist, and the instability of [P(A4L) for Qried gl_assware using standard inert atmosphere techniques_on a Schlenk
which countless examples based on organic fragments exist. tline or in a drybox. Solvents were dried over the appropriate agents

. . o . and distilled under nitrogen prior to uséP NMR data were measured
s now recognized that the stability of these exceptional on a JOEL GX 400 at-75 °C and referenced to an external standard

compounds is due to energetically favorable interactions between ¢ oo, aqueous 0, [(PhPAUYO][BF4® and R(SiMes)i2 were
the formally closed shell {d) gold atoms. This interaction, prepared according to literature procedures.
often refered to as aurophilicity, has been shown theoretically gy ninesis of [P(AUPPR)EJ[BF 4o, [1][BFd2. A solution of -

to arise from relativistic and correlation effe€t¥ (SiMey)s in pentane was prepared by dissolving 200 mg 48M/es)s

As part of our continuing studies into the ability of [LAU-  (0.56 mmol) in 10 mL of pentane. [(BRAuU%O]BF, (0.50 g, 0.34
(N]* fragments to form novel main-group centered, electron- mmol) and 1.0 g of NaBFwere dissolved/suspended in a mixture of
deficient clusters, we were interested in examining the use of 35 mL of CH,Cl, and 15 mL of THF, and the resulting mixture was
species such asfSiMes), as synthons. It was hoped that larger cooled to—10°C. A 3.0 mL (0.17 mmol) aliquot of the &SiMes)s
clusters centered by a dinuclear main-group fragment could besolution was then added in one portion via syringe. The stirred reaction
produced in this way. However, we have observed that the P mixture slowly turned an orange-yellow color as it was allowed to warm

bond in this compound is cleaved during the reaction to produce [0 f0om temperature overnight. The reaction mixture was filtered to
remove the insoluble material (primarily excess NaBihd the crude
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carried out with the SHELXTL-PC packadg. The initial structure
solution was performed with direct methods which located all five gold
atoms. The remaining non-hydrogen atoms were then located by
successive Fourier syntheses. The final refinement was carried out in
blocks with all the non-hydrogen atoms of the cation refined aniso-
tropically and the remaining non-hydrogen atoms refined isotropically.
Hydrogen atoms were included in calculated positions for the cation
only using a standard riding model. The function minimized during
refinement wasRy = [Y|Fo — Fel2W(Fo)qY2 with w = [04(Fo) +
0.00012427%. Due to disorder problems with the anions, they were
refined as rigid tetrahedra with two sets of atomic positions for each
anion.

Results

The reaction of KSiMes)s with [(PhsPAuU)O]BF, in the
presence of excess NaBlproduces a bright orange-yellow
solution from which L][BF 4], can be isolated. This compound
has been previously synthesized by the reaction of P(g§iMe
with the same gold salt in low yield$. The rupture of the PP
bond observed here is consistent with that seen in other systems
containing dinuclear group 16 fragments{Sand Te-Te) 1415
FABMS reveals a signal at 2413 as the highest peak, consistent
with the presence of1][BF4*. The next signal at 1865  Figure 1. Molecular structure for the catiorL2* with the thermal
corresponds to the loss of one PPAuU]T fragment and the ellipsoids shown at the 50% probability level. The phenyl rings have
[BF4]~ counterion to produce the hypothetical species [P(AuP- been drawn as outlines for clarity.

Plt)a] ™. Frpm this peak it is possible t.o Obs.erve only peaks Table 2. Selected Bond Lengths (A) and Angles (deg) for
corresponding to the loss of consecutive triphenylphosphine [1[BF>

moieties with no further loss of gold. This observation agrees
well with the results of a theoretical study which predicts a

P(6)-Au(1) 2.375(2)  Au(l}P(6)-Au(2)  75.2(1)
P(6)-Au(2) 2.379(3)  Au(l}P(6)-Au(4)  74.4(1)

significant degree of stability for the bare [PAt cationi® P(6)-Au(3) 2.356(3)  Au(2yP(6-Au(3)  78.0(1)
X-ray quality crystals were obtained from a slow diffusion  P(6)-Au(4) 2.370(3) Au(3)-P(6)-Au(4) 79.2(1)
of ether vapor into a methylene chloride solution H{BF 4]. P(6)-Au(5) 2.295(3)  Au(5yP(6)-Au(l)  109.4(1)

The monoclinic P2y/c, No. 14) crystals were shown to contain ~~ Au(1)—Au(2) ~ 2.900(1)  Au(5yP(6)-Au(2) ~ 112.7(1)

one cation, two anions, and three molecules of lattice@H ﬁﬂggiﬁﬂggg %:ggg% 238;522)):%% 38383

per asymmetric unit. There are no unusually short contacts ay3)-au(4)  3.013(1) P(6)-Au(1)—P(1) 174.0(1)

between the cation and the anion, however there appear to be Au(1)-P(1) 2.279(3) P(6YAu(2)—P(2) 177.9(1)

some weak interactions between the solvent molecules and the Au(2)—P(2) 2.294(3) P(6YAu(3)—P(3) 177.2(1)

gold atoms of the cation with the AtCl contacts ranging from Au(3)—P(3) 2.292(3)  P(6yAu(4)—P(4) 176.5(1)

361039 A Au(4)—P(4) 2.283(3)  P(6YAu(5)—P(5) 176.0(1)
Au(5)—P(5) 2.288(3)

The molecular structure of the cation is best described as a
distorted square pyramid with four gold atoms forming the base Table 3. Comparative Bond Lengths (A) and Angles for the
of the pyramid and a unique gold atom residing at the apex Square Pyramidal Cores cf]f*and [(-tol)P(AuPPh)J]*"

(Figure 1 and Table 2). This geometry produces four short [12+ [(o-tol)P(AuPPHR)J2+
gold—gold contacts along the base of the pyramid ranging from —

2.869(1) to 3.013(1) A. These values are comparable to those Au—AY 2:888% %;S%ﬁg
seen in other clusters with aurophilic bondifg® As a 2.982(1) 2.984(1)
consequence of the gotdjold contacts, the basal AuP—Au 3.013(1) 3.012(1)
angles (74.4(F)to 79.2(1)) at the central phosphorus are P—Au 2.356(3) 2.354(2)
contracted from ideal. The-PAu bonds between the central P ;g;gg gg%gg
and the basal gold atoms range from 2.356(3) to 2.379(3) A. In 2:379(3) 2:379(2)
contrast, the At-P bond between the cluster core and the unique Au—P—Au 74.4(1) 75.3(1)
apical gold (2.295(3) A) is significantly shorter than those of 75.2(1) 77.9(1)
the basal gold atoms. Furthermore, in opposition to the short- 78.0(1) 78.2(1)
long P-Au—P bond length pattern seen at the basal gold atoms, 79.2(1) 79.0(2)

the two P-Au bonds are of essentially equal length for this
gold atom with an At-Ppnosphinedistance of 2.288(3) A. The
geometry in the square base dffj[BF4]. shows signficant
distortion from the ideal. Interestingly, a similar distortion is
seen in the related systenmo{{ol)P(AuPPhR)4)2" 16 (Table 3).

Since these two systems crystallize in different space groups
with significantly different packing arrangements including
differences in the types and amounts of lattice solvent present,
it is unlikely that the distortions are due to packing effects.
The structure of JJ[BF 4], also provides an opportunity to
gain some qualitative experimental insight into the strength of

(13) SHELXTL PC v 4.2, Siemens Crystallographic Research Systems

Madison. WI. 1990 ’ the Au—Au aurophilic interaction as a function of distance. In
(14) Jones, P. G.; Sheldrick, G. M.; Hadicke, Azta. Crystallogr.198Q the hypothetical trigonal bipyramidal structure, there would be
B36, 2777. Wang, S.; Fackler, J. P. Imorg. Chem199Q 29, 4404. six interactions at approximately 3.35 A (based on the experi-

(15) Schultz Lang, E.; Maichle-Mssmer, C.; Stifale, J.Z. Anorg. Allg. ;
Chem.1994 620, 1678, mentally observed average-Ru distance of 2.37 A) and three

(16) Schmidbaur, H.; Zeller, E.; Weidenhiller, G.; Steigelmann, O.; Beruda, loNger interacFions of 4.10 A which can be .negleCt_ed- In the
H. Inorg. Chem.1992 31, 2370. square pyramidal structure there are only 4 interactions of 2.94
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A. This difference implies that as the AuAu distance increases  and trigonal bipyramidal forms equivalent, the exact structure
from 2.94 to 3.35 A, the attractive interaction must decrease of the cation in solution remains unclear.
quite significantly.

The square pyramidal geometry seen in this study contrasts
directly with the trigonal bipyramidal structure proposed eddlier
on the basis of a low temperature 75 °C) solution3P NMR

Discussion

The synthesis ofl]][BF 4], represents the first example to our
knowledge of the cleavage of at bond by cationic gold
NN . ; fragments. Structurally,1J[BF4], is another example of a
datq which indicated that ?,” five peripheral gold atoms are clugster made of gold(l)yurﬂ{s Wf]ﬂch violates the cIaspsicaI rules
equivalent under the conditions employed. We undertook a 4 honding and structure. It also represents a rare structurally
careful reinvestigation of these NMR results using single cnaracterized example of a homoleptic gold cluster centered by
crystalline material. The present study reconfirmed the esse”t'a|phosphorus and the first without sterically demanding ligands,
ﬁndings Of the earlier Obsel’vations. At75°C the SpeCtrum the Only Other homoleptic Species being the Cation [P(AUP
consists of a doublet at 38.4 ppm for the phosphines and a sexteBy;),] +.18
at—123.3 ppm {J,p = 186 Hz) for the central phosphorus atom.  [P(AuPBus),]* was found to display tetrahedral geomtery
At room temperature the splitting at the central phosphous atomrather than square pyramidal expected on the basis of theoretical
collapses to an ill-defined broad multiplet while the doublet work.1® However, closer examination reveals that in this case
observed for the phosphine signal is maintained. Additionally, the structure is imposed by the steric constraints oftére
if a trace of extra triphenylphosphine is present in the solution, butyl groups. The question therefore still remains as to the
the phosphine doublet collapses to a singlet and shifts to 41.6structure of the [P(AuPE4]™ cation in the absence of these
ppm, and the center phosphorus signal shifts freh22 to—98 sterically forcing ligands. By comparison with the previously
ppm and grows even broader. These signals are essentiallycharacterizetl trigonal bipyramidal cluster [N(AuPRJ]?,
identical to those reported previously for the novel species{(Ph Which contains a smaller main-group element at its center, it
PAUMP{ Au(PPh)2}]2+.17 When the mixed P#P—[1]2* system can be seen that there are no steric reasons for the deviation of
is cooled to—75 °C, two sets of doublets appear in the [1l[BFa]2from the expected trigonal bipyramidal geometry. It
phosphine region at 40.6 and 38.9 ppm. The central phosphorudS therefore safe to assume that the observed geometry is due
signal remains at-98 ppm as a very broad featureless signal. to other energetic factors, such as the aurophilic interactions

. ) )
The best interpretation of these data relies on two independentprege_nt in the squz;re fbasg. AFurth(JerrmloI}f, [calr_ k;]eb\_n%wetd
scrambling processes. At room temperature there is some?S P€INg composed o a [P(AURSA™ cluster which binds to

+
degree of intermolecular exchange between the two clusters.2 strong electron acceptor, [f¥AU]". Thus, the unexpected
. L2 . structure of 1][BF 4], suggests very strongly that the structure
On the basis of the acceleration in the rate of this exchange . Yo 2 .
. . ST of the elusive [P(AuPR4]™ cation is indeed square pyramidal.
which occurs in the presence of extra free phosphine, it is most
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