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Summary The [Ir,(CO),5]2- dianion, obtained by a two- 
step carbonylative reduction of K,IrCI, in 2-methoxy- 
ethanol containing 10% of water, has been shown by 
X-ray diffraction to contain an octahedral Ir, cluster with 
twelve terminal and three symmetrical edge-bridging 
carbonyl groups. 

ALTHOUGH a number of hexa- and octa-nuclear carbonyl 
clusters of iridium have been described since 1970,l none of 
their solid state structures has been directly established so 
far. As a part of a reinvestigation of the chemistry of these 
compounds, we report here an improved synthesis and the 
X-ray crystal structure of [NMe,CH,Ph], [Ir6(CO) 15], thus 
providing the second direct structure determination of a non- 
substituted carbonyl cluster of iridium reported to date 
[the first being that of the heavily disordered Ir,(CO)1,].2 

The [Ir,(C0),J2- anion was prepared by treating a 
solution of [Ir(CO),CI,]- (0.05-0.1 M)  in 2-rnethoxyethanol 
containing 10% of water? with a calculated amount of 
K,CO, at 90 "C for 5 h under CO, according to the apparent 
stoicheiometry shown in equation (1). The corresponding 

6[Ir(CO),CI,]- + 12C032- + 7C0 + 8H,O 
= [Ir,(CO)15]2- + 12C1- + 16HC0,- (1) 

(NMe,CH,Ph)+ salt was obtained after concentration in 
vacZto by addition of an aqueous solution of (NMe,CH,Ph)CI, 
and was recrystallized from tetrahydrofuran (THF) and 
propan-2-01 by slow diffusion. The overall yields were 
70-75% ; cf. 35-45% when the sparingly soluble Ir,(CO),, 
is used as starting materia1.l The product was identified 
by i.r.t and elemental analysis data, and its molecular 
geometry has been established by a single-crystal X-ray 
diffraction study (dark-brown, air-sensitive triclinic prisms). 

Crystal data: M =  1723.60, space group Pi (after refine- 
ment), a = 22-042(8), b = 9-806(4), c = 10-373(4) A, a = 
100.65(3), p = 95-88(3), y = 99.04(3)", U = 2156 Pi3,  Dm 
=2-95, D ,  = 2.89 g ~ m - ~  for 2 = 2, p(Mo-K,) = 196.3 
cm-l. Data were collected on a BASIC diffractonieter3 
with graphite-monochromatized Mo-K, radiation in the 28 
range 6-50". The structure was solved by conventional 
Patterson and Fourier methods on the basis of 4004 inde- 
pendent, absorption-corrected reflections having I 2 3 4 1 ) .  
A block-matrix least-squares refinement, carried out after 
assigning anisotropic thermal parameters to all the atoms 
of the anion and constraining the phenyl rings of the cation 
to D6, geometry, led to a current R value of 0.039.s 

The structure of the [Ir,(CO)15]2- dianion consists of an 
essentially regular octahedron of metal atoms connected to 

-f Obtained by carbonylation in the same solvent of KJrCl, under CO a t  110 "C for ca. 18 h, L. Garlaschelli, S. Martinengo, and 

$ vc0 (Nujol) broad bands a t  1970s, 17701x1, and 1730m cm-I; vc0 (THF) 1975vs, 1925w, 1775m, and 1730m cm-1. 
§,The atomic co-ordinates for this work are available on request from the Director of the Cambridge Crystallographic Data Centre, 
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FIGURE A projection of [Ir,(CO),5]2- along the idealized 
three-fold axis Metal-metal bond lengths are Ir( l)-Ir(2) 
2 730(l), Ir(3)-Ir(4) 2 735(1), Ir(5)-Ir(6) 2 743(1), Ir(1)-Ir(3) 
2 766(1), Ir(1)-Ir(5) 2 797(1), Ir(1)-Ir(6) 2 822(1), Ir(2)-Ir(3) 
2 779(1), Ir(2)-Ir(4) 2 792(1), Ir(2)-Ir(6) 2 789(1), Ir(3)-Ir(5) 
2 782(1), Ir(4)-Ir(5) 2 774(1), Ir(4)-Ir(6) 2 767(1) A 

twelve terminal and three symmetrically edge-bridging 
carbonyl ligands (see the Figure) All the iridium atoms 
are stereochemically equivalent [as previously found only 
in Ir4(CO)122] each of them being bonded to one edge- 
bridging and two terminal carbonyl groups, so that  the 
overall idealized symmetry of the anion is D, (32) The 
three bridging CO ligands are approximately normal to the 
idealized three-fold axis The twelve terminal ones can be 
divided into two sets, six of them being in an axial, and six 
in an  equatorial configuration The three CO-bridged Ir-Ir 

edges (see Figure caption) are significantly shorter than the 
other unbridged nine, with mean values of 2 736 and 
2 785 A, respectively Both these values are significantly 
higher than those found in most of the iridium carbonyl 
clusters so far characterized (see for instance the unbridged 
Ir-Ir distance in 1r4(C0)12 (2 693 f%)2b and the symmetrically 
bridged one in [Ir4(CO),,Br]- (2 695 A)* Local lengthen- 
ings of the Ir-Ir interactions have been found previously in 

(C8H12) (C8H11) (C8H10),7 and in all cases they have been 
ascribed to the peculiar bonding environment of the 
iridium atoms involved Rationales for the lengthening 
observed in [Ir6(CO)15]2- should take into account both the 
higher co-ordination number of the iridium atoms, with 
respect to the tetranuclear clusters, and the presence of the 
anionic negative charge All the Ir-C and C-0 bonding 
parameters in the present compound are normal, with 
average values for equivalent interactions of Ir-C(t) 1 860, 
Ir-C(b) 2 038, C-O(t) 1 162, C-O(b) 1 184 A Ir-C-O(t) 
176 2, and Ir-C-O(b) 137 8" Typical e s d ' s  on single 
distances are Ir-C 0 019 and C-0 0 025A The present 
structure can be usefully compared to that of the homo- 
logous [ C O ~ ( C O ) ~ ~ ] ~ -  dianion The latter has an overall 
C32, symmetry, with three edge-bridging and three face- 
bridging carbonyl ligands Thus, [Ir,(CO),5]2- provides a 
new example of the lower tendency of iridium with respect 
to cobalt and rhodium, to give carbonyl-bridged structures, 
a behaviour previously observed in the tetrahedral clusters 

The i r spectrum of [Ir6(CO)15]2- in solution appears to 
be slightly dependent on both solvent and cation 7 Pro- 
tonation of the dianion, carried out with H2S04 or CF,C02H 
in THF or CH2C12, seems to occur without major structuraI 
changes 
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[1rdC0)10H212-,5 1r4(C0)5(C8H1~)2fC8H10)~6 and 1ri'(c0)12- 

(Recezved, 21st May 1980, Cow 549 ) 

7 vco for [NMe,CH,Ph],[Ir,(CO),,] in MeCN 1975vs, 1935w, and 1755m cm-I 
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