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The axial-radical exchange process occurring at  the phos- 
phine-substituted ruthenium atom averages the axial carbonyls 
d with c' and d' with c into two broadened resonances of equal 
intensity a t  283 K (Table I). The two sets of radial carbonyls 
on the hydride-bridged rutheniums would be expected to average 
into two sets of two resonances each since they are also diaste- 
reotopic when axial-radial exchange is rapid a t  the phosphine- 
substituted ruthenium atom. However, only one broadened 
resonance is observed at  283 K, probably due to accidental overlap 
and broadening of the lines by the onset of axial-radial exchange 
at  the hydride-bridged ruthenium atoms. 
Experimental Section 

R u ~ ( C O ) ' ~  and HRU,(CO)~(-C,-~-B~) were prepared by published 
p r ~ e d u r e s . ~  Deuteriodichloromethane was dried over molecular sieves 
(Merck). 13C N M R  spectra were measured on a Bruker WH-400 in- 
strument at  100 MHz with use of a 0.1 M solution of 1 5 2 0 %  ')eo- 
enriched I1 in CD2C2. 0.05 M in C r ( a ~ a c ) ~  (Mallinckrodt). Compound 
I1 was synthesized by a procedure identical with that used for I by using 
P(CH,)(CH2C6HS)(C6HS) prepared by reduction of the corresponding 
oxide with phenylsilane.' 'H N M R  (25 OC, CD2C12): 6 1.55 (9 H, s), 
1.86 (3 H, d, 2h~p-~H = 11.3 Hz), 3.51 (2 H, m), 6.68 (10 H, m), -21.1 
(1 H, br). IR (KBr) v (CO): 2075 (m), 2030 (s), 2000 (vs), 1995 (s), 
1980 (s), 1940 (sh) cm-'. 
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There has been considerable interest recently in the synthesis 
and structural characterization of mixed-metal cluster compounds 
that contain gold atoms.'-I2 Most of these clusters contain 
primarily carbonyl ligands bonded to the transition metals, and 
preparative methods have included reactions between anionic or 
neutral transition-metal carbonyl clusters or carbonyl hydrido 
clusters and monomeric gold compounds such as Au(PR3)Cl or 
[Au(PR3)]+. Several mixed-metal gold clusters that contain 
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Table 1. Summary of Crystal Data and Intensity Collection 

Crystal Parameters 
cryst syst monoclinic 
space group 
cryst dimens, mm3 
cell parameters 

p 2 ,  
0.2 X 0.3 X 0.2 

a,  A 11.647 (6) 
b, A 19.359 (4) 
c, a 15.952 (2) 

100.60 (2) 
3535 (3) 

z 2 
dcalcd, g cm-3 1.52 
temp, "C 23 
abs coeff, cm-' 41.1 
max, min, av transmissn factors 
formula AuIrC,,H,,B,F,P, (1) 
fw 1621.9 

1.00,0.82,0.91 

Measurement of Intensity Data 
diffractometer CAD 4 
radiation Mo Kh ( A =  0.710 69 A)  

graphite monochromatized 

5727 ( + h , + k , t l )  
4156 [F,' b 20(Foz)] 

scan type; range (28), deg W-28; 0-48 
no. of unique reflcns measd (region) 
no. of obsd reflcnsa 

Refinement by Full-Matrix Least Squares 
no. of parameters 424 
R b  0.056 
R w b  0.070 
GOF 1.95 
P a  0.04 

The intensity data were processed as described in: "CAD4 and 
SDP-PLUS User's Manual"; B. A. Frenz & Associates Inc.: College 
Station, TX, 1982. The net intensityZ= [KINPI)] (C- 28),  
where K = 20.1166(attenuator factor), NPI = ratio of fastest pos- 
sible scan rate to scan rate for the measurement, C= total count, 
and B = total background count. The standard deviation in the 
net intensity is given by [ u ( n ]  = (K/NPI))'[C -t 4 8  + @I)'] 
where p is a factor used to  downweight intense reflections. The 
observed structure factor amplitude Fo is given by Fo = (Z /Lp)" ' ,  
where L p  = Lorentz and polarization factors. The o(Z)'s were 
converted to the estimated errors in the relative structure factors 
u(Fo) by o(Fo)  = [ o ( l ) / l ]  Fo.  The function minimized was 
X:w(IFoI-  1F,u2,wherew= l / [o (F0) ] ' .  Theunweightedand 
weighted residuals are defined as R = ( llFo I - IF, lI)/s: IFo I and 
R,. = [ (Xw( IFo I - IF, I))z/(Cw IFo I)'] The error in an obser- 
vation of unit weight (GOF) is [ Xw( IF, I - IF, I)'/(NO - NV)] "', 
where NO and NV are the number of observations and variables, 
respectively. 

primarily phosphine ligands have been prepared by reaction of 
monomeric gold compounds (AuPPh3X: X = C1, NO3) with 
phosphine hydrido compounds.1,6J1 These reactions and the 
structures of the products have clearly shown the isolobal analogy 
between the hydride ligand and the AuPR3 group.*-" See also 
the paper on the synthesis and structure of several new gold- 
iridium hydrides published in this issue of this j o ~ r n a l . ' ~  

In this paper the synthesis of [Ir(dppe)2AuPPh3](BF4)2 (1) from 
the reaction of [Ir(dppe)2]BF4 with AuPPh3N03 in the presence 
of HBFl in acetone solution is reported. This reaction gives some 
insight into the formation of the Au-Ir bond. 
Experimental Section 

'H  and 3'P('H] N M R  spectra were recorded at  300 and 120.5 MHz, 
respectively, with the use of a Nicolet NT-300 spectrometer. 31P chem- 
ical shifts are reported in ppm relative to the internal standard trimethyl 
phosphate. Solvents were dried and distilled prior to use. HBF4 was 
obtained from the J. T. Baker Chemical Co. as a 48-50% aqueous so- 
lution. A u P P ~ , N O ~ ' ~  and [Ir(dppe)2]BF,'S were prepared as described 
in the literature. All manipulations were carried out under a purified N2  

(13) Casalnuovo, A. L.; Laska, T.; Nilsson, P. V.; Olofson, J.; Pignolet, L. 
H. Inorg. Chem. 1985, 24, companion paper in this issue. 

(14) Malatesta, L.; Naldini, L.; Simonetta, G.; Cariati, F. Coord. Chem. Reu. 
1966, 1 ,  255. 

(15) Hopkinson, M. J.; Nixon, J. F. J .  Orgonomet. Chem. 1978,148, 201. 
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Table 11. Table of Positional Parameters and Their Estimated Standard Deviations for 3 

atom X s z B,a A 2  atom X Y Z .Az 

Ir -0.37642 (8) 0.250 -0.1 9253 (6) 
AU -0.32810 (8) 0.17864 (6) -0.32162 (6) 
P1 -0.3032 (6) 
P2 -0.3636 (5) 
P3 -0.5798 (5) 
P4 -0.3941 (6) 
P5 -0.1782 (6) 
C1 A -0.448 (2) 
C2A -0.526 (2) 
C3A -0.646 (3) 
C4A -0.668 (3) 
C5A -0.599 (3) 
C6A -0.475 (2) 
C1B -0.242 (2) 
C2B -0.173 (2) 
C3B -0.1 24 (3) 
C4B -0.160 (3) 
C5B -0.236 (3) 
C6B -0.269 (3) 
C1C -0.213 (2) 
C2C -0.094 (3) 
C3C -0.015 (3) 
C4C -0.065 (3) 
C5C -0.172 (3) 
C6C -0.254 (3) 
CID -0.332 (2) 
C2D -0.411 (2) 
C3D -0.376 (3) 
C4D -0.265 (3) 
C5D -0.181 (2) 
C6D -0.209 (2) 
C1E -0.278 (2) 
C2E -0.291 (3) 
C3E -0.222 (3) 
C4E -0.1 58  (3) 
C5E -0.144 (3) 
C6E -0.206 (3) 
C I F  -0.699 (2) 
C2F -0.734 (2) 
C3F -0.828 (3) 
c 4 r  -0.893 (3) 
c5r‘  -0.867 (3) 
C6F -0.767 (2) 
C1G -0.614 (2) 

0.1 358 (4) 
0.1 519 (3) 
0.2409 (4) 
0.3522 (4) 
0.2815 (4) 
0.111 (1) 
0.087 (2) 
0.068 (2) 
0.074 (2) 
0.094 (2) 
0.1 14 (2) 
0.194 (1) 
0.174 (2) 
0.218 (2) 
0.288 (2) 
0.31 I (2) 
0.262 (2) 
0.059 (1) 
0.067 (2) 
0.011 (2) 

-0.047 (2) 
-0.059 (2) 
-0.003 (2) 

0.074 ( I )  
0.025 (1) 

-0.031 (2) 
-0.042 ( 2 )  

0.005 (1) 
0.061 (1) 
0.148 ( I )  
0.1 98 (2) 
0.1 93 (2) 
0.143 (2) 
0.093 (2) 
0.091 (2) 
0.255 (2) 
0.200 ( I )  
0.205 (2) 
0.266 (2) 
0.320 (2) 
0.312 ( 1 )  
0.296 ( I )  

-0.4461 (4) 
-0.1 126 (4) 
-0.1 956 (4) 
-0.2825 (5) 
-0.1 748 (4) 
-0.503 (2) 
--0.455 (2) 
-0.497 (2) 
-0.579 (2) 
-0.624 (2) 
-0.587 (2) 
-0.510 (1) 
-0.568 (2) 
-0.621 (2) 
-0.619 (2) 
-0.562 (2) 
-0.507 (2) 
-0.441 (2) 
-0.406 (2) 
-0.406 (2) 
-0.440 (2) 
-0.474 (2) 
-0.477 (2) 
-0.168 (1) 
-0.198 (2) 
-0.239 (2) 
-0.248 (2) 
-0.2 I 9  (2) 
-0.181 (2) 
-0.006 (1) 

0.050 (2) 
0.1 39 (2) 
0.157 (2) 
0.106 (2) 
0.027 (2) 

-0.282 (1) 
-0.341 (2) 
-0.41 3 (2) 
-0.416 (2) 
-0.361 (2) 
-0.293 ( I )  
-0.1 09 (2) 

2.61 (2) 
3.24 (2) 
3.6 (2) 
2.9 (1) 
3.3 (1) 
3.6 (2) 
3.4 ( I )  
3.8 (5)* 
5.2 (7)* 
6.7 (8)* 
5.8 (7)* 
6.7 (8)* 
4.9 (6)* 
3.7 (5)* 
5.8 (7)* 
5.8 (7)* 
7.9 (9)* 
6.8 (8)* 
6.1 (7)* 
3.7 (5)* 
5.4 (7)* 
7.6 (9)* 
8 ( I ) *  
7.4 (9)* 
5.8 (7)* 
3.3 (5)* 
4.1 (6)* 
5.6 (7)* 
5.1 (7)* 
4.4 (6)* 
4.6 (6)* 
3.4 (5)* 
5.9 (7)* 
7.5 (9)* 
6.4 (8)* 
7.0 (9)* 
5.6 (7)* 
3.6 (4)* 
4.2 (6)* 
6.2 (8)* 
6.4 (8)* 
6.2 (7)* 
3.5 (5)* 
4.3 (6)* 

C2G 
C3G 
C4G 
C5G 
C6G 
ClH 
C2H 
C3H 
C4H 
C5 H 
C6H 
c1 I 
C2I 
C31 
C41 
C51 
C61 
C1 J 
C2 J 
C3J 
C4J 
C5 J 
C6J 
C1 K 
C2K 
C3K 
C4K 
C5 K 
C6K 
C23 
C32 
c45  
c 5 4  
B1 
F1 
F2 
F3  
F4 
B2 
F5 
F6 
F7 
F8 

-0.530 (2) 
-0.551 (3) 
-0.660 (3) 
-0.748 (3) 
-0.723 (2) 
-0.470 (2) 
-0.533 (2) 
-0.583 (3) 
-0.574 (3) 
-0.51 6 (3) 
-0.456 (3) 
-0.456 (2) 
-0.573 (3) 
-0.615 (3)  

0.554 (3) 
-0.447 (3) 
-0.396 (3) 
-0.141 (2) 
-0.203 (3) 
-0.181 (3) 
-0.084 (3) 
-0.008 (4) 
-0.047 (3) 
-0.063 (2) 
-0.025 (2) 

0.065 (3) 
0.103 (2) 
0.068 (3) 

-0.009 (2) 
-0.512 (2) 
-0.610 (2) 
-0.246 (2) 
-0.151 (2) 
-0.275 (4) 
-0.321 (2) 
-0.169 (2) 
-0.287 (3) 
-0.335 (2) 

0.996 (5) 
0.931 (2) 
0.922 (2) 
1.081 (3) 
1.066 (3) 

0.344 (1) 
0.379 (2) 
0.376 (2) 
0.333 (2) 
0.290 (2) 
0.345 (1) 
0.285 (1) 
0.280 (2) 
0.336 (2) 
0.393 (2) 
0.400 (2) 
0.427 (1) 
0.447 (2) 
0.509 (2) 
0.542 (2) 
0.51 8 (2) 
0.465 (2) 
0.347 (1) 
0.350 (2) 
0.399 (2) 
0.439 (2) 
0.434 (2) 
0.390 (2) 
0.219 (1) 
0.200 (1) 
0.147 (2) 
0.121 (1) 
0.1 37 (2) 
0.188 (1) 
0.134 (1) 
0.153 (1) 
0.384 (2) 
0.328 (1) 
0.472 (2) 
0.494 (1) 
0.448 (2) 
0.519 (1) 
0.423 (2) 
0.502 (3) 
0.467 (1) 
0.533 (2) 
0.538 (1) 
0.458 (2) 

-0.068 (2) 
-0.007 (2) 

-0.019 (2) 
-0.087 (2) 
-0.391 (1) 
-0.420 (1) 
-0.504 (2) 
-0.562 (2) 
-0.538 (2) 
-0.447 (2) 
-0.244 (1) 
-0.280 (2) 
-0.242 (2) 

-0.132 (2) 
-0.172 (2) 
-0.088 (2) 
-0.024 (2) 

0.026 (2) 

0.172 (2) 

0.036 (2) 
0.041 (2) 

-0.013 (3) 
-0.087 (2) 
-0.151 (1) 
-0.066 (2) 
-0.051 (2) 
-0.114 (2) 
-0.193 (2) 
-0.215 (1) 
-0.089 (1) 
-0.161 (2) 
-0.292 (2) 
-0.271 (2) 

0.242 (2) 
0.159 (2) 
0.246 (2) 
0.291 (2) 
0.247 (3) 
0.679 (3) 
0.619 (1) 
0.737 (2) 
0.661 (2) 
0.740 (2) 

4.7 (6)* 
7.4 (9)* 
7.1 (9)* 
6.7 (8)* 
4.9 (6)* 
3.6 (5)* 
3.5 (5)* 
5.4 (7)* 
6.8 (8)* 
7.5 (9)* 
5.6 (7)* 
3.6 (5)* 
5.6 (7)* 
9 (I)* 
9 (1)* 
8 (1)* 
5.5 (7)* 
4.2 (6)* 
7.2 (9)* 
8 ( I )*  
7.4 (9)* 
8 ( I ) *  
6.6 (8)* 
3.3 (5)* 
4.3 (6)* 
5.3 (7)* 
4.7 (6)* 
5.1 (7)*  
3.7 (5)* 
3.1 (5)* 
3.7 (5)* 
4.7 (6)* 
4.3 (6)* 
6.2 (9)* 

12.2 (8) 
14.7 (9) 
15 (1) 
22 (1) 
10 (2)* 

8.1 (5) 
15 (1) 
20 (1) 
16 (1) 

Starred atoms were refined isotropically. Anisotropically refined atoms are given in the form of the isotropic equivalent thermal param- 
eter dcfined a s  4/3 [ 2 p 1  , I  + b 2 p 2 , ,  + czp3  13 + ab(cos r)p, ,2 + ac(cos @ ) p ,  , 3  + bc(cos OC)~,,,]. 

atmosphere with the use of standard Schlenk techniques unless otherwise 
noted. 
[Ir(dppe)2AuPPh,](BF4)2 (1). To a solution consisting of 100 mg 

(0.093 mmol) of I r ( d p ~ e ) ~ B F ~  and 53 mg (0.10 mmol) of AuPPh3N03 
in 4 mL of acetone was added 3 pL of HBF4 solution (48-50%) under 
constant stirring. The initially red-orange solution immediately turned 
to a light orange. The rapid addition of Et20 resulted in the precipitation 
of an orange powder. Recrystallization of the orange powder from 
CH2CI,/Et20 solution afforded orange needles of 1 in 55% yield. 31P{1HJ 
NMR (CH2C12, 25 “C): 6 41.4 (d, Jp-p = 6 Hz), -4.75 (quint, Jp-p = 
6 Hz). Anal. Calcd for I~AUP~C~~H~~B~F~.O.~CH~C~~: C, 51.06; H, 
3.89. Found: C, 50.49; H, 4.02. The presence of the CH2C12 solvate 
was confirmed by ‘H NMR, and the 0.4 composition gave the best fit 
to the elemental analysis. 

X-ray Structure Determination. Collection and Reduction of X-ray 
Data. A summary of crystal and intensity data for compound 1 is 
presented in Table I. A crystal was secured to the end of a glass fiber 
with 5-min epoxy resin. The crystal class of the compound was deter- 
mined by use of the Enraf-Nonius CAD 4-SDP PLUS peak search, 
centering, and indexing programs.16 The intensities of three standard 

(16) All calculations were camed out on PDP 8A and 11/34 computers with 
use of the Enraf-Nonius CAD4 SDP-PLUS programs. This crystallo- 
graphic computing package is described by: Frenz, B. A. In 
“Computing in Crystallography”; Schenk, H., Olthof-Hazekamp, R., 
van Konigsveld, H., Bassi, G. C., Eds.; Delft University Press: Delft, 
Holland, 1978; pp 64-71. Frenz, B. A. In “Structure Determination 
Package and SDP-PLUS Users Guide”; Frenz, B. A. & Associates, Inc.: 
College Station, TX, 1982. 

reflections were measured every 1.5 h of X-ray exposure time, and no 
decay was noted. An empirical absorption correction was applied by use 
of +-scan data and programs PSI and EAC.I6 

Solution and Refinement of the Structure. The structure was solved 
by conventional heavy-atom techniques. The metal atom was located by 
Patterson syntheses. Full-matrix least-squares refinement and differ- 
ence-Fourier calculations were used to locate all remaining non-hydrogen 
atoms. The atomic scattering factors were taken from the usual tabu- 
lation,I7 and the effects of anomalous dispersion were included in F, by 
using Cromer and Ibers’l8 values of Af’ and Af”. A table of observed 
and calculated structure factor amplitudes is a~ilable.’~ Hydrogen atom 
positions were calculated (C-H distance set at  0.95 A) for all hydrogen 
atoms in the dication and were included in structure factor calculations 
but were not refined. Some residual electron density (1-2 e A-)) was 
found in a region well removed from any refined atoms. Attempts to 
refine carbon atom positions for peaks in this region lead to very large 
B values (3C-40 A2) and unreasonable distances and angles. Although 
there must be partial occupancy by solvent in this region, it is so hope- 
lessly disordered that no atoms were included. CH2Clz is suspected as 
this solvent since it was observed by ‘H NMR. 

The final positional and thermal parameters of the refined atoms 
appear in Table I1 and as supplementary 1nateria1.I~ The labeling scheme 

(17) Cromer, D. T.; Waber, J. T. “International Tables for X-ray 
Crystallography“; Kynoch Press: Birmingham, England, 1974; Vol. IV, 
Table 2.2.4. Cromer, D. T. Ibid. Table 2.3.1. 

(18) Cromer, D. T.; Ibers, J. A. Reference 17. 
(19) See paragraph at end of paper regarding supplementary material. 
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Figure 1. ORTEP drawing of the coordination core of [Ir(dppe),Au- 
(PPh,)](BF,), (1) including selected distances (A) and angles (deg). The 
thermal ellipsoids show 50% probability surfaces. The esd's in Ir-Au and 
M-P distances and M-M-P and P-Ir-P angles are 1, 5, 1, and 2, re- 
spectively, in the last significant figure. Some additional angles (deg): 
Au-Ir-P2 = 89.9 ( I ) ;  Au-Ir-P5 = 83.3 (1); P3-Ir-P4 = 94.2 (2); 
PZ-Ir-P4 = 177.8 (2); P3-Ir-P5 = 167.8 (2). 

is presented in Figure 1 and as supplementary material.I9 
Results and Discussion 

The addition of AuPPh3N03 to an acetone solution of [Ir- 
( d p ~ e ) ~ ] B F ,  in the presence of HBF, gave a mixture of [Ir- 
(dppe)*HI2+ and the binuclear complex [Ir(dppe)2AuPPh3]2+ (1). 
1 was isolated in moderate yield from this solution and was 
characterized by 31P ('HI NMR spectroscopy and in the solid state 
by a single-crystal X-ray analysis. 

2 t  
P1 

Au 
I 

PZ ' 'P2 

( P 2 \ b / P 2 )  

1 

As shown in the drawing, 1 has an approximately square-py- 
ramidal geometry about the IR atom. The 3'P(1HJ NMR spectrum 
is consistent with the solid-state structure and consists of a doublet 
and a quintet, attributable to P2 and P1, respectively: 6 41.4 (P2, 
d, Jpp = 6 Hz, intens 4), -4.75 (Pl ,  quint, Jpp = 6, intens 1). No 
evidence for a hydride ligand was found in either the 'H N M R  
or I R  spectrum of 1. 

[Ir(dppe)JBF, was rapidly protonated in acetone solution by 
the addition of HBF, to form an equilibrium mixture of [Ir- 
( d p ~ e ) ~ ] +  and [Ir(dppe)2H]2+ as determined by 31P and 'H NMR 
spectro~copy.'~ The low-temperature 'H N M R  spectrum of 
[Ir(dppe)zH]z+ (-95 "C) displayed a quintet resonance at  -25.5 
ppm (JPH = 12 Hz), also consistent with a square-pyramidal 
structure. It is this protonated species, apparently, that reacted 
with AuPPh3N03 to form 1. A mixture of AuPPh3N03 and 
[ I r ( d ~ p e ) ~ ] +  in acetone solution, for example, did not form a 
detectable amount of 1. The formation of 1 is also reversible. 
Addition of HBF, to acetone solutions of 1 generated mixtures 
of 1 and [Ir(dppe)zH]2+ as evidenced by 31P(lH] N M R  spec- 
troscopy. Thus, the proton plays a kinetic role in activating the 
Ir complex, a perhaps surprising result in light of the increased 
charge of the protonated Ir species (eq 1). Presumably, a bridged 
Ir-H-Au intermediate or transition state is involved in the for- 
mation of 1. 

[ I r ( d ~ p e ) ~ ] +  + H+ G [Ir(dppe),HI2+ (1) 

[Ir(dppe)zH]Z+ + AuPPh3N0, s 
[Ir(dppe),A~PPh,]~+ + H+ + NO,- 

The structure of 1 consists of well-separated dications and BF4 
anions. Figure 1 shows an ORTEP drawing of the I r ( d ~ p e ) ~ A u P  
core and includes atom labels and selected distances and angles. 
An ORTEP drawing of the entire dication and a table of all distances 

and angles are included as supplementary material.lg 
The geometry of the coordination core around the iridium atom 

is approximately square pyramidal. There are significant dis- 
tortions from this idealized geometry; however, they are most likely 
due to a combination of nonbonded repulsions between the phenyl 
rings, crystal packing forces, and contraints imposed by the 
chelating nature of the dppe ligand. The chelate P-Ir-P "bite" 
angles are 85.0 (2) and 80.5 (2)' (average 82.8') and are similar 
to the values found in [Ir3(pj-AuNOj)H6(dppe),]+ (average 84.7 
(2)').' the nonchelated cis P-Ir-P angles average 97.5 (2)', and 
the trans P-Ir-P angles are 177.8 (2) and 167.8 (2)', respectively, 
for phosphorus atoms 2,4 and 3,s. These values show the slight 
distortion in the basal square plane. The dihedral angle between 
the IrP2P3 and IrP4P5 planes is 11 '. The Ir-Au vector is ap- 
proximately orthogonal to the IrP4 basal plane (average Au-Ir-P 
angle is 92.3 (1)O with maximum and minimum values of 107.6 
(1) and 83.3 (l)', respectively). The Au-Ir separation (2.625 
(1) A) is short compared with values in other complexes (average 
2.685 (1) A in [I~Au~(H)(PP~,)~NO,]BF~,~~ average 2.641 (1) 

in [I~Au~(PP~,)~(NO~)]BF,,' average 2.705 (1) 8, in [Ir- 
( p , - A ~ N O ~ ) H ~ ( d p p e ) ~ ] + , '  and 2.765 (1) A in [Ir(PPh3),H (p- 
H ) A u P P ~ , ] + ~ ) .  The average Ir-P distance of 2.357 (5) 8, is 
comparable to values found in other complexes that contain trans 
phosphorus atoms;',6 however, the Ir-P2 and Ir-P4 separations 
(2.277 (5) and 2.431 (5) A) deviate significantly from the average. 
The large difference in the distances of these trans Ir-P bonds 
is unusual, but a similar phenomenon has been observed in 
[ R h ( d ~ p b ) J + ~ ~  and is most likely due to nonbonded repulsions 
between phenyl rings. The Au-P distance in 1 (2.219 (5) A) is 
short compared with values observed in other Au-Ir phosphine 
clusters (average 2.272 (4) A in [I~AU~(H)(PP~,)~N~~]BF~,~~ 
average 2.266 (4) in [ I ~ A u ~ ( P P ~ ~ ) ~ ( N O J ] B F ~ , '  and 2.265 (5) 
A in [Ir(PPh3)3H2(p-H)AuPPhs]+ 6 ) .  

The distances and angles within the dppe ligands and the BF, 
anions are normal and are included as supplementary material.Ig 
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