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The cluster [Ir,(CO),,{Cu(NCMe))]- is obtained by condensation of [Irg(CO)1512- with 
[Cu(NCMe&]+ at room temperature in tetrahydrofuran. The salt [PPh,l[Ir6(C0)1s(CL~-Cu(NCMe))l. 
CH,Cl, crystallizes in the yonoclinic space group P2, /n (non-standard no. 14) with a = 21.146021, 
b = 11.512(9), c = 20.450(9) A, p = 90.58(4)“, and Z = 4; R = 0.038 and R, = 0.041 for 2175 observed 
reflections having I 2 3u(I). The monoanion consists of an octahedron of iridium atoms, face-capped 
by the CuNCMe group, with twelve terminal carbonyls (two for each iridium atom) and three 
edge-bridging carbonyls. Average distances (A) and angles are: Ir-Ir, 2.779; Ir-Cu, 2.636; Ir-C,, 1.82; 
C-O,, 1.18; Ir-C-O,, 173”; Ir-C,, 2.02; C-Ob, 1.19; Ir-C-O,, 138” (t = terminal, b = edge-bridging). 
In solution the mixed metal carbonyl cluster decomposes slightly and slowly by loss of copper metal and 
formation of the previously reported lIr,,(C0),,12-. 

Introduction 

In an earlier paper, we described the reactivity, the spectroscopic properties and 
the solid state structure of the first large anionic iridium carbonyl cluster 
[Ir,,(CO),,]2-, obtained by reaction of [Ir,(CO),,]*- and [Cu(NCMe),l+. It can be 
represented as three face-fused stacked metal octahedra [ll. 
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Subsequently we prepared two mixed-metal carbonyl clusters, by reaction of 
[Irs(CO>,,]2- with the two isolobal fragments [HgCll+ and [AuPPh,]+. The two 
anions [Ir,(CO),,(HgCl)]- and [Ir,(CO),,(AuPPh,)]- were characterized by a 
combination of analytical and diffractometric techniques. These contain octahedral 
iridium frames face-capped by the heteroatoms [2]. Although the X-ray analyses 
showed some differences in the architecture of the bridging carbonyl ligands, their 
IR and i3C NMR spectra were strikingly similar, indicating similar structures in 
solution. 

Meanwhile, we realized that the reactivity toward nucleophiles described for 
[Ir,,(CO),,12- [l] is rather peculiar for a high nuclearity carbonyl cluster [3], and 
very like that observed for the two heptanuclear mixed metal carbonyl clusters. 
Additionally, we noticed that the reported infrared spectrum of the dodecametal 
cluster is almost superposable in shape and position, on those of the two heptanu- 
clear complexes. Therefore we decided to reinvestigate the [Ir,(C0),,12-/ 
[Cu(NCMe),]+ system with great care. 

In this paper we report the synthesis and the chemical characterization of 
[Ir,(CO>,,(Cu(NCMe))]- and the X-ray structural analysis of the salt [PPhJ 
[Ir,(CO>,,{Cu(NCMe)]] * CH,Cl,. The fluxional behaviour of [Ir,(CO),,- 
(Cu(NCMe)]]- has been studied by 13C NMR spectroscopy. 

Results and discussion 

Synthesis of [Ir6 (CO),,{Cu(NCMe))l - 
The condensation of [Cu(NCMe),]+ with [Ir,(CO),,]2- is performed in tetrahy- 

drofuran (THF) solution at room temperature and, as soon as the reagents are 
mixed and dissolved, quantitative formation of [Ir,(CO),,{Cu(NCMe)}]- (1) is 
observed. The infrared spectrum of the reaction mixture is identical with that of 
selected crystals of [PPh,I[Ir,(CO),,(Cu(NCMe)jl * CH,CI, (1A) and shows bands, 
in the carbonyl stretching region, at 2057w, 2008vs, 1945m and 1799s cm-’ in THF 
(Fig. l(a)), attributable to terminal and edge-bridging carbonyls. The compounds 
[Ir,(CO),,(HgCl)]- (2) and [Ir,(CO),,(Au-PPh,)l- (3) show infrared stretching 
bands very similar to that of 1 in shape and position [4*]: the main difference is 
associated with the absorptions at 1765m cm-’ (compound 2) and at 1790m cm-’ 
(compound 3) indicative of face- and asymmetric edge-bridging carbonyl groups, 
respectively. The 1799 cm-’ band of 1 indicates the presence of true edge-bridging 
carbonyls, in agreement with the solid state structure (see below). No infrared 
bands could be assigned to the coordinated MeCN. The presence of the MeCN 
group is however confirmed by the ‘H NMR spectrum, which shows a resonance at 
2.25 ppm (CH,CI,-d, solution), with the correct ratio 3 : 20 to the cation phenyl 
hydrogens of the salt [PPh,I[Ir,(COl,,~Cu(NCMe)]l. 

The capping group can be easily removed from the cluster by a variety of 
nucleophiles, such .as halides or hydroxide ions; the parent [Ir,(CO),,12- can be 
also regenerated upon dissolving 1 in acetonitrile. These reactions were previously 
attributed to [Ir,2(CO>2,12-, which was erroneously considered a very reactive 
species [ 11. 

* Reference number with asterisk denotes a note in the list of references. 
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Fig. 1. (a) IR spectrum of [PPh,I[Ir,(CO),,~Cu(NCMe))1 in THF solution. (b) IR spectrum of 
[PPh,]2[Ir,2(C0)2,] in MeCN solution. 

If 1 is allowed to stand in a THF or CH,Cl, solution, at room temperature, for 
several days a metallic deposit of copper is observed, and 1 is partially oxidized to 
[Ir,,(CO),,]*- (4); the salts of 4 with different bulky cations are almost insoluble in 
THF and can be separated by filtration. The salt [PPh,1,[1r,,(C0),,1 is soluble in 
MeCN or acetone and solutions of selected crystals show absorption bands at 
2042sh, 2029vs, 1993m, 1810m and 1780w cm-’ in MeCN solution (Fig. l(b)). 

The transformation of [Ir,(CO),,(Cu(NCMe>]]- into (4) is extremely slow, and, 
as judged by the infrared spectra of the solution, stops after a while; thus, 
[Ir,,(CO),]*- is produced in very small quantities. In the attempt to obtain a 
complete transformation of 1 into 4, we heated a THF solution of 1 under reflux 
for several hours, but obtained a different cluster, probably through the decarbony- 
lation of [Ir,,(CO),]*-; this new compound is presently under investigation. 

The reaction of [Ir&CO>,,]*- with other oxidants was also tested [51, but we 
could obtain [Ir,,(CO),,]*- only when using [Cu(NCMe),]PF,. [PPh,l- 
[Ir,(CO>,,(Cu(NCMe)}] can be crystallized from CH,Cl, by slow diffusion of 
pentane; to avoid as much as possible the undesired transformation of the 
complex, the solution must be kept at low temperature ( - 20°C). 

In spite of its small yield, the formation of 4 is very reproducible and crystals of 
the salts of this compound with different bulky cations could always be isolated, 
and a full X-ray data set was collected for [NEt,],[Ir,,(CO),,] (see below) [6*]. 

Solid state structure of [PPh,I[Ir,(~-CO),(CO),,{cL,-Cu(NCMe))l * CH,Cl, (IA) 
The structure of 1A consists of an ionic packing of [Ir,(CO),,{Cu(NCMe)ll- 

cluster anions and tetraphenylphosphonium cations containing clathrated CH,Cl, 
molecules with normal van der Waals’ interactions. The solvent molecules are 
probably responsible for the poor stability of the crystals even under an inert 



Fig. 2. ORTEP drawing of [Ir,(CO),,{Cu(NCMe))l-. Thermal ellipsoids are drawn at the 30% probability 
level. 

atmosphere. An ORTEP drawing of the cluster anion is shown in Fig. 2, while 
relevant bond distances and angles are collected in Tables 1 and 2, respectively. 

The metal skeleton of 1 consists of a slightly distorted octahedron of iridium 
atoms capped by a @Zu atom bearing a terminally bonded MeCN ligand. The 
idealized symmetry of the Ir,Cu core is CsU, while the whole anion belongs to the 
C, point group. Therefore, according to the presence of the idealized jhree fold 
axis th,e Ir-Ir bond distances (minimum 2.711(2) A, maximum 2.839(2) A, average 
2.779 A) can be divided into four distinct sets, which are, however, not as different 
as their nature would induce one to expect: tkese are those involving only the Ir(l), 
Ir(2) and Ir(3) atoms (layer 1, average 2.809 $, those involving only the Ir(4), II(S) 
and Ir(6) atoms (layer 2, average 2;768 A), carbonyl unbridged and bridged 
interlayer interactions (average 2.812 ADand 2.727 A, respectively). 

The Ir-Cu distances (average 2.636 A) strictly can be compared only with those 
of the unique Ir-Cu cluster so far structurally characterized (average 2.87 A) [7], 
although the larger number of the lighter copper .atoms and the presence of 
phosphine ligands, instead of carbonyls, makes the analogy weak. Similarly, the 
widely varying Ir-Cu distances of the few known oligonuclear mixed-metal com- 
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Table 1 

Bond distances (A) in the monoanion [Ir,(CO),,(Cu(NCMe))]- with estimated standard deviations 
(e.s.d.s) of the last digit in parentheses 

IrW-Ir(2) 
IIW-Ir(3) 
Irtl)-Ir(4) 
Ir(l)-Ir(5) 
Ir(2)-IIi3) 
Ir(2)-Ir(5) 
Ir(2)-Ir(6) 
h(3)-Ir(4) 
Ir(3)-Ir(6) 
11(4)-I&) 
Ir(4)-Ir(6) 
Ir(5)-1116) 
IlW-cu 
HZ)-cu 
Ir(3)-cu 
Cu-N 
N-C(l) 
CWC(2) 
I&)-C(D1) 
Ir(2)-C(D2) 
Ir(3)-C(D3) 
Ir(4)-C(D1) 
Ir(5kCtD2) 
Ir(6XtD3) 
Iru)-C(11) 
IrWC(12) 

2.793(2) 
2.824(2) 
2.736(2) 
2.804(2) 
2.811(2) 
2.734(2) 
2.839(2) 
2.794(2) 
2.71 l(2) 
2.762(2) 
2.775(2) 
2.767(2) 
2.646(4) 
2.645(4) 
2.617(4) 
1.89(2) 
1.09(3) 
1.45(4) 
1.95(3) 
2.10(4) 
2.03(3) 
1.99(3) 
2.02(4) 
2.02(3) 
1.89(4) 
1.81(4) 

Irt2ux21) 
Itt2)-cc221 
Iri3)-C(31) 
1113X(32) 
Irt4)-c(41) 
Irt4)-Cc421 
Ir(5)-C(51) 
Irt5)-C(52) 
Ir(6)-C(61) 
Ir(6)-c(62) 
C(Dl)-O(D1) 
C(D2)-O(D2) 
C(D3)-O(D3) 
Ctllk001) 
C(12)-002) 
C(21)-O(21) 
c(22)-O(22) 
cx31)-o(31) 
C(32)-o(32) 
C(41)-O(41) 
C(42)-O(42) 
C(51)-O(51) 
C(52)-O(52) 
C(60-O(61) 
c(62)-O(62) 

1.7X5) 
1.79(3) 
1.85(4) 
1 x3(5) 
1.90(5) 
1.79(5) 
1.76(4) 
1.79(3) 
1.83(3) 
1.80(3) 
1.21(3) 
1.18(4) 
1.17(3) 
1.11(4) 
1.19(4) 
1.18(4) 
1.18(3) 
1.15(4) 
1.22(5) 
1.12(5) 
1.20(4) 
1.27(4) 
1.23(3) 
1.14(3) 
1.19(3) 

plexes [8], which contain a variety of ligands and geometries, mean that no 
meaningful comparison can be carried out. 

Of the 15 carbonyl ligands, 1; are terminahy bonded, two on each iridium atom 
(average values are: Ir-C 1.82 A, C-O 1.18 A and Ir-C-O 173”), and three span 
alternate interlayer edges (average values are: Ir-C 2.02 A, C-O 1.19 A and 
Ir-C-O 138”), in a fashion very similar to that found in the parent [Ir,(C0),,12- 
[9] and in [Ir,(CO),,(AuPPh,)]- [2]. In the latter compound, however, ‘semitriple’ 
bridging carbonyls were found, whereas the bridging carbonyl ligands in 1 are 
definitely edge-bridging, the shorter non-bonding Ir-C(bridging) distance being 
3.20 A. 

The bonding parameters of the acetonitrile ligand (Cu-N = 1.89(2) A, N-C(l) 
= 1.09(3) A, C(l)-C(2) = 1.45(4) A and Cu-N-C(l) 173(3)“, N-C(l)-C(2) = 
179(3Y) are in agreement with a linearly coordinated molecule slightly bent from 
the ideal threefold axis passing through the copper atom and the centre of the Ir, 
octahedron; the slight asymmetry of the Ir-Cu bond distances, together with 
intermolecular packing effects might account for this. 

We decided to perform a second structural analysis of the salt [NEt,],- 
[Ir12(CO)26] (4A) [6*] since isomerism is not unusual in iridium carbonyl clusters 
[lo] and in large anionic carbonyl clusters, [3,11] probably due to crystal packing 
interactions. The structural parameters of (4A) are very similar to those of the 
previously reported [PPh,],[Ir,,(CO),,] salts. This probably indicates the intrinsic 
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Table 2 

Bond angles (deg.) in the monoanion [Ir,(CO),,(Cu(NCMe)}]- with e.s.d.s of the last digit in 
parentheses 

Irf2)-IrWIrf31 
Ir(2)-IrWIrf41 
Irt2)-IrWIrW 
Ir(3)-IrWIr(4) 
Ir(3)-Ir(ll-Ir(5) 
Irf41-Irfll-Irf.5) 
IrW-Ir(21-Ir(3) 
Ir(l)-Ir(2)-ItW 
I&)-Ir(2)-Ir(6) 
Ir(3)-Ir(2)-Ir(5) 
Irf3)-Ir(2)-Ir(6) 
Ir(5)-Ir(2)-Irf6) 
I&-Irf3)-Ir(2) 
Irfl)-Irf3l-Irf4) 
I&)-b(3)-Ir(6) 
Ir(2)-Ir(3)-Ir(41 
Ir(2)-Irf3)-Ir(6) 
Ir(4)-Irf3)-Ir(61 
Ir(l)-Irf4kIrf3) 
It(l)-Irf4)-Ir(5) 
Ir(l1-Ir(4)-Ir(6) 
Ir(3)-Ir(4)-Ir(5) 
Ir(3)-Ir(4k-Ir(6l 
Ir(51--Ir(4)-Ir(6) 
b(l)-It(S)-Ir(21 
Irfll-IrfSl-Ir(4) 
I&)-IrfSl-Irf6) 
Ir(2)-Ir(5)-Irf41 
Ir(2)-Ir(5)-Ir(6) 
Ir(4)-Ir(5)-Ir(6) 
Irf2)-Ir(6)-Ir(3) 
Irf2)-Irt6)-Ir(4) 
Irf21-Ir(6)-Ir(51 
Ir(3)-Ir(6)-Irf4) 
Ir(3k-Irf6)-Irf5) 
Ir(4)-Ir(6)-Irf5) 
Ir(2)-IrWCu 
Ir(31-Irfll-Cu 

60.05(51 
90.76(51 
58.48(5) 
60.31(5) 
f&02(51 
59.80(5) 
60.51(5) 
60.96(5) 
88.82(5) 
89.67(61 
57.35(4) 
59X(5) 
59.43(5) 
58.28(5) 
90.79(5) 
89.21(61 
61.85(51 
60.52(51 
61.41(5) 
61.33(5) 
91.33(61 
89.46(61 
58.26(5) 
59.97(5) 
60.56(5) 
58.87(51 
90.05(5) 
91.46(6) 
62.13(5) 
60.24(5) 
60.81(5) 
89.02(5) 
58.36(5) 
61.22(5) 
91.08(5) 
59.78(51 
58.10) 
57.07(9) 

b(4)-Irfll-Cu 
It(S)-It(l)-Cu 
IrW-Irf2)-cu 
Ir(3)-Ir(2)-Cu 
Ir(S)-Irf2)-Cu 
b(6)-Ir(2)-Cu 
ItW-Ir(3kCu 
Ir(2)-Ir(3)-Cu 
b(4)-Ir(3)-Cu 
Ir(6)-Ir(3kCu 
IrWCu-Ir(2) 
IrW-Cu-Ir(31 
Ir(2)-Cu-Ir(3) 
IrW-Cu-N 
Ir(2)-Cu-N 
Ir(31-Cu-N 
IrWC(Dll-Ir(4) 
IrWC(D11-OfDl) 
b(4)-C(Dl)-O(D1) 
Irf2)-C(D2)-Ir(5) 
Irf2)-C(D2)-O(D2) 
Irf5l-C(D21-O(D2) 
Irf31-C(D31-Irf6) 
Ir(3)-C(D3)-O(D3) 
Ir(6)-C(D3)-O(D31 
IrWC(ll)-001) 
1rW-c(12)-0(12) 
Ir(2)-C(21)-O(21) 
Ir(21-C(221-O(221 
Irt3)-C(31)-O(311 
Irf3)-C(32)-Of321 
k(4)-C(41)-O(41) 
Irt4)-C(42)-o(42) 
Ir(5)-C(511-o(511 
k(5)-C(52)-o(52) 
b(6)-c(61)-O(61) 
Irt6)-C(62)-Of621 

117.40) 
116.5(l) 
58.10) 
57.201 

118.9(l) 
114.6(l) 
58.04(91 
58.2(l) 

116.3(l) 
120.00) 
63.73(9) 
64.89(9) 
64.56(91 

138.3(7) 
148.3(8) 
139(7) 
880) 

139(3) 
133(3) 
83(21 

133(31 
144(3) 
84(l) 

138(3) 
138(21 
175(3) 
178(3) 
176(4) 
17ti3) 
171(4) 
159(41 
174(4) 
173(4) 
165(4) 
17ti3) 
177(3) 
175(3) 

stability of their stereogeometry, which has a carbonyl arrangement closely related 
to that of the parent [Ir,(CO),,]*- cluster [1,91. 

13C NMR studies 
A variable temperature study of the r3C(‘H} NMR spectra of 1 (cu. 30% 13C0 

enriched, THF-d, solution) was undertaken in order to compare its spectroscopic 
properties with those of the homologous derivatives 2 and 3 and, also, to prove its 
stability and ascertain the nature of the species present in solution. 13C NMR 
spectra for 1 at several temperatures are shown in Fig. 3. 

The 13C NMR spectrum of a solution of the cluster, kept at -20°C for 10 days, 
was identical to that obtained immediately after dissolving the sample in the 
solvent, with no trace of transformation of 1 into 4. 



247 

R.T 

Id -60% 

I 5 1 L 

200 180 
PPM 

Fig. 3. Variable temperature 13C NMR spectra. 

The limiting low-temperature i3C NMR spectrum of 1 should show five equally 
intense signals, corresponding to the five sets of non-equivalent carbonyls expected 
from the C, symmetry of the anion as found in the solid state structure. However, 
at -70°C the 13C NMR spectrum contains only four sharp signals at 190.9, 189.9, 
188.2 and 186.4 ppm, of relative intensity 1: 1: 1: 2. The most striking feature of 
this spectrum is that all the signals lie in a very narrow range, preventing a full 
assignment of the resonances. The similarity of the chemical shifts is even more 
peculiar considering that one of the signals should belong to edge-bridging car- 
bony1 groups; usually the i3C chemical shifts of this type of ligand are well 
separated from those of the terminal carbonyl groups [12], and in the case of 
iridium monoanionic octahedral carbonyl clusters lie at about 210 ppm [2]. There- 
fore, the chemical shifts found in this NMR spectrum suggest a molecule possess- 
ing terminal carbonyl groups only, inconsistent with the number of signals (see 
below). 

The peak with intensity 2 at 186.4 ppm can be assigned to the terminal carbonyl 
groups bonded to the copper-capped face of the octahedron, analogous to the case 
of [Ir,(CO),,{Au(PPh,)}l- 121. At -9O”C, the lowest temperature which we could 
reach without freezing the solution, the same number of signals were observed, but 
the signal at 186.4 ppm was much broader, indicating that two truly non-equivalent 
sets of carbonyl groups were averaging at a lower rate; such a scrambling can 
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involve the migration of the bridging ligands around the threefold axis, possibly via 
ps-CO, mimicking C,, symmetry on the NMR timescale [13*]. At this tempera- 
ture, a second set of weak signals appears at 190.3, 189.2 and 187.9 ppm, and they 
probably belong to a different isomer frozen out at this temperature. These signals 
cannot be assigned to the face-bridged structure, because the two isomers inter- 
convert at a lower rate than the two sets of terminal carbonyls and also because 
there is no trace of any other signal which can be reasonably assigned to the 
pj-CO ligands; they could be attributed to the isomer with only terminal ligands 
[14*]. Upon raising the temperature to - 60°C a simultaneous broadening of all 
the signals occurs, and at -30°C all the carbon monoxide ligands became equiva- 
lent on the NMR timescale, giving rise to a single broad peak at 188.4 ppm 
(calculated average value 188.4 ppm), indicating a complete scrambling of all the 
ligands around the metal frame. This resonance is sharp and is shifted slightly to 
190.2 ppm at room temperature. 

The limiting process can be accounted for either by a merry-go-round move- 
ment of the ligands around the faces of the cluster, or by a migration of the 
heteroatom between two opposite faces, associated with terminal-bridging inter- 
changes [15]. In the monoanions 2 and 3, we observed two distinct fluxional 
processes, at two different temperatures, involving first the terminal carbon 
monoxide groups, and then all the ligands. Considering the fluxional behaviour of 
the clusters 2, 3 and 1, a clear trend can be outlined: on moving from a structure 
containing a p3-C0 group compound 2, via compound 3 with asymmetric carbonyl 
groups to compound 1 with P-CO ligands. The two fluxional processes commence 
at more similar temperatures and complete scrambling requires a lower activation 
energy. 

Two-dimensional 13C exchange spectra (NOESY) were recorded on 1 at - 70°C 
and - 60°C. The spectrum at the lower temperature does not show any cross-peak, 
indicating the absence of any ligand scrambling. At the higher temperature (Fig. 4) 
only one pair of signals, (at 189.9 ppm and 188.2 ppm) do not give rise to a 
cross-peak: this weak evidence suggests that these two signals are assignable to 
axial and bridging carbonyl groups, which cannot interconvert directly. 

Conclwions 

From the present reinvestigation of the reaction of [Ir&C0),,]2- with 
[Cu(NCMe),]+ we have demonstrated that 1 is a relatively stable compound, is the 
main product present in solution and that the reactivity previously reported for 4 
must be attributed to 1 [l]. A solution of 1 is oxidized to [Ir,,(C0),]2-, in a very 
small amount, with the formation of copper metal. 

In spite of the fact that 1 is present in solution in a much higher amount than 4, 
the different solubilities favour the crystallization of the far less soluble salts of the 
dodecametal cluster. Most of the salts of [Ir,(CO),,(Cu(NCMe)}]- crystallize with 
great difficulty, and usually form sticky materials on precipitation, containing nice 
crystals of [Ir,,(C0),J2-; great care was therefore necessary in order to obtain 
single crystals of 1 suitable for X-ray analysis, to fully confirm our hypotheses. 

Experimental 

All the solvents were purified and dried by conventional methods and stored 
under nitrogen. All the reactions were carried out under an oxygen-free nitrogen 
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Table 3 

Crystal data and data collection parameters for [PPh,ZIr,(CO),s(Cu(NCMe)}l.CH,CI, (IA) 

Empirical formula 
Formula weight (amu) 
Crystal system 
Space group 

a 6) 
b (Al 
c (A, 
p (deg) 

v (As) 

C,H,,CI,CuIr,NO,sP 
2102.29 
Monoclinic 
P2, /n (non-standard 
No. 14) 
21.146(12) 
11.512(9) 
20.450(9) 
90.58(4) 

4978(9) 
Z 4 
Dcalc (g cm - ‘) 2.805 
FOJOO) 3776 
Radiation MO-K, (& = 0.71073 
Diffractometer CAD-4 Enraf-Nonius 
I-L (cm-‘) 165.4 
0 range (deg) 3-21 
Scan method 0 

Scan range (deg) 
Prescan speed (deg mint) 
Prescan acceptance a(l)/1 
Required o(l)/1 

Max. scan time (s) 
Collected octants 
No. collected reflexions 
No. unique observed reflexions 
(I > 3a(Z)) 
Crystal decay 
No. of reflexions for abs. corr. 
Min. transmission factor 
Crystal dimensions (mm) 
Fudge factor p 
No. of ref. variables 
Rn 
RWO 
GOF b 
Max. peak final diff. Fourier, 
(e AW3) 

1.0+0.35 tan 0 
20 
0.80 
0.02 

40 

h, k, f 1 
5861 
2175 

25% on F, 
3 
0.44 
0.27 x 0.28 x 0.32 
0.04 
323 
0.038 
0.041 
1.257 
1.12 

’ R = [L(F, - k I F, I)/CF,] and R, = [Gv(F,-k I F, ~)*/CwF,*]‘/*. b GOF = [Gv(F, - k I F, I)*/ 
(Nobservations - Nvariabdl”‘. 

composed of [PPh,][Ir,&CO),,Cu(NCMe)]l was extracted with THF (10 cm3), 
leaving as a residue some amount of copper metal and a few crystals of 
[PPh,],[Ir,,(CO),,], soluble in acetone. 

X-Ray crystal structure determination of IA 
Crystal data and experimental conditions are summarized in Table 3. A dark 

prismatic crystal of approximate dimensions 0.27 x 0.28 X 0.32 mm was mounted in 
a Lindemann glass capillary tube, sealed under nitrogen and placed on a goniome- 
ter head. The intensity data were collected on an Enraf-Nonius CAD4 automated 
diffractometer using MO-K, radiation. A least-squares fit of 25 randomly oriented 
intense reflections with 8 ranging from 8” to 12” provided the unit cell parameters. 
Intensities were collected using a variable scan range with’ a 25% extension at each 
end for background determination. Three standard reflections were measured at 
regular intervals and showed a constant decay of the scattering power of the crystal 
which was evaluated about 25% (on F,) at the end of the data collection. The full 
data set was therefore corrected for decay as well as for Lorentz and polarization 
effects. An empirical absorption correction was performed based on psi-scans (psi 
O-360”, every 10“) of three suitable reflections with x values close to.90” [19]. 

The structure was solved by conventional three-dimensional Patterson and 
Fourier difference methods and refined by full-matrix least-squares using the 
Enraf-Nonius Structure Determination Package (SDP) and the physical constants 
tabulated therein on a PDP 11/73 computer [20]. Individual weights were assigned 
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Table 4 

Fractional atomic coordinates for [PPh,XIr,(CO),,{Cu(NCMe)}l.CH,CI, with e.s.d.s in parentheses a 

Atom X Y z 

0.82447(6) 0.1955(l) ha) 
Ire) 
Ilf3) 
Ir(4) 
Id5) 
Id6) 
cu 
P 
O(Dl) 
O(D2) 
O(D3) 
001) 
002) 
O(21) 
O(22) 
O(31) 
O(32) 
O(41) 
O(42) 
o(51) 
O(52) 
O(61) 
O(62) 
N 
C(1) 
C(2) 
C(Dl) 
02) 
CXD3) 
cw 
C(l2) 
C(21) 
cc221 
C(31) 
C(32) 
cc411 
Cc421 
C(51) 
C(52) 
C(61) 
Cc621 
C(111) 
C(112) 
C(113) 
C(114) 
cc1 15) 
CXll6) 
cx121) 
C(122) 
C(123) 
c(l24) 
c(l25) 
Cc1261 

0.73734(6) 
0.71570(6) 
0.73078(6) 
0.74420(6) 
0.64003(6) 
0.8075(2) 
0.6034(4) 
0.8620) 
0.7210) 
0.5810) 
0.932(l) 
0.9040) 
0.6470) 
0.8490) 
0.762(l) 
0.6680) 
0.709(l) 
0.698(l) 
0.855(l) 
0.650(l) 
0.551(l) 
0.5590) 
0.8550) 
0.883(l) 
0.9200) 
0.8250) 
0.732(2) 
0.623(l) 
0.893(2) 
0.872(2) 
0.682(2) 
0.803(l) 
0.743(2) 
0.697(2) 
0.713(2) 
0.708(2) 
0.81 l(2) 
0.688(2) 
0.5850) 
0.5940) 
0.5970) 
0.6500) 
0.645(l) 
0.585(l) 
0.529(2) 
0.5360) 
0.562(l) 
0.576(l) 
0.5460) 
0.504(2) 
0.4910) 
0.521(2) 

0.02400) 
0.25530) 
0.3237(l) 
0,0935(l) 
0.1623(l) 
0.1318(4) 
0.1808(9) 
0.380(2) 

- 0.165(2) 
0.338(2) 
0.047(2) 
0.337(2) 

-0.101(3) 
-0.110(2) 

0.484(3) 
0.173(3) 
0.573(3) 
0.360(2) 
0.073(2) 
0.070(2) 

- 0.032(2) 
0.263(2) 
0.123(2) 
0.130(3) 
0.140(3) 
0.323(3) 

- 0.067(3) 
0.280(3) 
0.102(3) 
0.279(3) 

- 0.0544) 
- 0.0580) 

0.394(3) 
0.213(4) 
0.480(4) 
0.351(4) 
0.068(4) 
0.083(3) 
0.042(3) 
0.226(3) 
0.166(3) 
0.186(3) 
0.173(3) 
0.155(3) 
0.143(3) 
0.152(3) 
0.060(3) 

- 0.051(3) 
- 0.153(3) 
-0.135(3) 
- 0.027(3) 

0.069(3) 

0.56323(6) 
0.59715(6) 
0.63478(6) 
0.50480(7) 
0.46958(6) 
0.54065(6) 
0.6861(2) 
0.1598(4) 
0.469(l) 
0.495(l) 
0.630(l) 
0.518(l) 
0.6560) 
0.682(l) 
0.644(l) 
0.6850) 
0.767(l) 
0.543(l) 
0.364(l) 
0.3800) 
0.358(l) 
0.563(l) 
0.434(l) 
0.765(l) 
0.810(l) 
0.870(l) 
0.500(l) 
0.508(2) 
0.612(l) 
0.537(2) 
0.620(2) 
0.646(2) 
0.627(l) 
0.671(2) 
0.721(2) 
0.527(2) 
0.422(2) 
0.421(2) 
0.404(2) 
0.556(l) 
0.475(2) 
0.0740) 
0.034(l) 

-0.034(l) 
-0.063(l) 
- 0.024(2) 

0.046(2) 
0.1940) 
0.167(l) 
0.189(l) 
0.239(2) 
0.269(2) 
0.248(2) 
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Table 4 (continued) 

Atom X Y 2 

C(131) 0.687(l) 0.184(3) 0.184(l) 
C(132) 
C(1331 
C(134) 
C(135) 
C(136) 
C(141) 
C(142) 
cc1431 
C(144) 
C(145) 
C(146) 
Cl(S1) 
CI(S2) 
C(S) 

0.721(l) 
0.7850) 
0.810X21 
0.779(l) 
0.715(21 
0.5680) 
0.5300) 
0.504(2) 
0.513(21 
0.553(2) 
0.581(2) 
0.5651(71 
0.5642(6) 
0.409(2) 

0.285(3) 
0.293(3) 
0.183(3) 
0.082(3) 
0.083(31 
0.311(3) 
0.380(31 
0.480(3) 
0.514(4) 
0.442(4) 
0.344(3) 

-0.196(2) 
-0.423(l) 
0.283(4) 

0.173(l) 
0.1940) 
0.224(2) 
0.231(l) 
0.211(2) 
0.1870) 
0.145(l) 
0.175(2) 
0.239(2) 
0.280(2) 
0.253(21 
0.3978(8) 
0.451 l(6) 
0.551(2) 

0 Atoms of solvent molecule are denoted by S. 

as w = l/a2WJ, where cr(F,) = u(F,~)/~F,, a(Fo2) = [a201 + (p0211/2/t,, and 
the ‘ignorance factor’ p being set at 0.04. The final values of the agreement indices 
are also reported in Table 3. 

Because of the presence of several ghost peaks around the iridium atoms in the 
last difference Fourier maps and the poorly defined geometry of some of the 
ligands, an extra absorption correction (DIFAES) [21] was applied to the full data set 
after complete isotropic refinement, according to that suggested for strongly 
absorbing crystals by Demartin et al. [22] (min-max transmission factors: 0.84-1.32) 
(an analogous treatment of the data was applied to 2 and 3 [2]); the R, factor 
decreased at this stage from 0.081 to 0.056, and subsequent least-squares refine- 
ments showed the overall stereogeometry of the ligands to be chemically sound. 
Anisotropic thermal parameters were assigned to the Ir, Cu, P and Cl atoms. The 
hydrogen atom contributions to the scattering factors were neglected. The peaks in 
the final difference Fourier map were randomly located. The final values of the 
positional parameters for 1A are reported in Table 4. 

Additional supplementary material comprises anisotropic thermal factors, the 
list of observed and calculated structure factors and the complete list of bond 
distances and angles, and is available from the authors. 

References and notes 

1 R. Della Pergola, F. Demartin, L. Garlaschelli, M. Manassero, S. Martinengo and M. Sansoni, 
Inorg. Chem., 26 (1987) 3487. 

2 R. Della Pergola, F. Demartin, L. Garlaschelh, M. Manassero, S. Martinengo, N. Masciocchi and 
M. Sansoni, Organometallics, 10 (1991) 2239. 

3 Vargas M.D. and J.N. Nicholls, Adv. Inorg. Chem. Radiochem., 30 (1986) 123; D.J. Darensbourg, in 
D.F. Shriver, H.D. Kaesz and R.D. Adams (Ed& The Chemistry of Metal Cluster Complexes, VCH 
Publisher, New York, 1990, p. 171. 



253 

4 [Ir,(CO),,(HgCI)]- infrared stretching bands: 2088w, 2044s, 2004~ and 1765m (cm-‘, THF solu- 
tion). [Ir,(CO)lS(Au-PPh,)}]- infrared stretching bands: 2062vw, 2018vs, 1978vw, 1952~~ and 
1790m (cm-‘, THF solution). 

5 A. Cinquantini, P. Zanello, R. Della Pergola, L. Garlaschelli and S. Martinengo, J. Organomet. 
Chem., 412 (1991) 215. 

6 Crystal data for [NEt,l,[Ir,z(CO&.,l: 0C42H401r12N2026, monoclinic, space group C,/c, a = 
24:755(9), b = 14.101(6), c = 24.511(8) A, p = 126.55(3)“, V= 6873 $, Z = 4, R = 0.036 and R, = 
0.050 for 2336 absorption corrected reflections having I r 30(I); the cluster anion lies about a 
crystallographic two-fold axis. 

7 L.F. Rhodes, J.C. Huffman and K.G. Caulton, J. Am. Chem. Sot., 107 (1985) 1759. 
8 (a) A.L. Balch, M.M. Olmstead, F. Neve and M. Ghedini, New J. Chem., 12 (1988) 529; (b) L.F. 

Rhodes, J.C. Huffman and K.G. Caulton, J. Am. Chem. Sot., 106 (1984) 6874; (c) A.T. Hutton, P.G. 
Pringle, B.L. Shaw, Organometallics, 2 (1983) 1889; (d) A.L. Balch, B.J. Davis, F. Neve, M.M. 
Olmstead, Organometallics, 8 (1989) 1CQO. 

9 F. Demartin, M. Manassero, M. Sansoni, L. Garlaschelli, S. Martinengo and F. Canziani, J. Chem. 
Sot., Chem. Commun., 903 (1980). 

10 (a) R. Della Pergola, L. Garlaschelli, S. Martinengo, F. Demartin, M. Manassero and M. Sansoni, 
Gazz. Chim. Ital., 117 (1987) 245; (b) M.P. Brown, D. Burns, M.M. Harding, S. Maginn and A.K. 
Smith, J. Organomet. Chem., 396 (1990) 3850; (c) R. Bau, M.Y. Chiang, C.Y. Wei, L. Garlaschelli, 
S. Martinengo and T.F. Koetzle, Inorg. Chem., 23 (1984) 4758. 

11 A. Fumagalli, S. Martinengo, G. Ciani, A. Sironi and B.T. Heaton, J. Chem. Sot., Dalton Trans., 
163 (1988). 

12 (a)‘P. Chini, S. Martinengo, J.A. McCaffrey and B.T.H. Heaton, J. Chem. Sot., Chem. Commun., 
310 (1974); (b) B.T.H. Heaton, A.D. Towl, P. Chini, A. Fumagalli, J.A. McCaffrey and S. 
Martinengo, J. Chem. Sot., Chem. Commun., 523 (1975). 

13 One of the referees suggested that a fast exchange process between one kind of terminal 
(presumably the radial ones) and the edge-bridging ligands would average their chemical shifts in a 
single peak of double intensity. This scrambling would involve the migration of the p-CO, the 
averaging of the ligands of layer 1 as well and, consequently, only three signals. 

14 In the most likely isomer, containing only terminal carbonyl ligands, the iridium atoms of layer 2 
would be bonded to three terminal carbon monoxide groups, two radial and one axial. Such a 
structure can be excluded since the cluster would possess C sU symmetry and the NMR spectrum 
should show only three resonances in the ratio 2:2: 1. In addition the solid state structure, with 
highly symmetric edge-bridging ligands, and the IR spectrum of the solution are strong evidence 
against this possibility. 

15 (a) G.F. Stuntz and J.R. Shapley, J. Organomet. Chem., 213 (1981) 389; (b) B.E. Mann and CM. 
Spencer, J. Organomet. Chem. 244 (1983) C17; (cl A. Strawczynski, R. Ros and R. Roulet, Helv. 
Chiin. Acta, 71 (1988) 867. 

16 D.F. Shriver and M.A. Drezdzon, in The manipulation of air-sensitive compounds, 2nd edn., Wiley, 
New York, 1986. 

17 M. Angoletta, L. Malatesta and G. Caglio, J. Organomet. Chem., 94 (1975) 99. 
18 G.J. Kubas, Inorg. Synth., 19 (1979) 311. 
19 A.C.T. North, D.C. Phillips and F.S. Mathews, Acta Crystallogr., A24 (1968) 351. 
20 B.A. Frenz and Associates, SDP PLUS Version 1.0, Enraf-Nonius, Delft, The Netherlands, 1980. 
21 N. Walker and D. Stuart, Acta Crystallogr., A39 (1983) 158. 
22 F. Demartin, C.M. Gramaccioli and T. Pilati, Acta Crystallogr. Sect. A., 1991. 


