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The reaction of the anion [Re4(p-H)6(C0)12]*- with acids affords the unsaturated (58 valence electron) anion 
[Re4H5(C0)12]-r which contains a distorted tetrahedral cluster, with ReRe bond lengths in the range 
2.857(1)-3.251(1) A, bearing three edge-bridging and two face-capping hydride ligands, completely fluxional in 
solution down to -90°C. 

Unsaturated carbonyl cluster compounds are interesting report here on its spectroscopic and structural characteriza- 
species owing to their peculiar reactivity,l but their number is tion. It represents an intermediate between [Re4(p3-H)4- 
at present quite limited. In the field of hydrido-carbonyl (CO)l,] and [Re4(pH)6(C0)12]2-,3 in terms of both the 
clusters of rhenium the only known tetrametal compound is number of valence electrons and hydrides and the ligand 
the 56 valence-electron [Re,( p3-H)4(C0)12] .z We have now stereochemistry. 
succeeded in isolating the novel tetrarhenium unsaturated (58 Treatment of an acetone solution of the [NEt4)+ salt of the 
valence electron) anion [Re4(p-H)3(p3-H)z(CO)l~] - and we dianion [Re4(p-H)6(CO)12]2- with the stoicheiometric 
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Figure 1. A view of one of the two independent anions [Rep(p-H),- 
(p3-H)2(C0)12]- [anion (A)]. A crystallographic two-fold axis passes 
through the middle points of edges Re(1)-Re(1') and Re(2)-Re(2'). 
Relevant bond distances are as follows [with corresponding values for 
anion (B) in square brackets]: Re(1)-Re(1') 3.118(1) [3.088(1)], 
Re( 1)-Re( 2) 3.25 1 (1) [3.241 (l)] , Re( 1)-Re(2') 2.857( 1) [2.857( l)] , 
Re(2)-Re(2') 2.992( 1) [2.994( l)], Re( 1)-H( 1) 1.79(7) [ 1.80(6)], 
Re(1)-H(2) 1.86(11) [1.72(10)], Re(2')-H(2) 1.70(11) [1.94(10)], 
Re(1)-H(3) 2.04(11) [2.17(11)], Re(2)-H(3) 2.05(10) [2.06(10)], 
Re(2')-H(3) 1.92(10) [2.03(10)] A. The overall mean values for the 
Re-C and C-0 interactions are 1.924 and 1.146 A, respectively. 

amount of CF3S03H, at room temperature, resulted in an 
instantaneous colour change from yellow to deep red. 
Monitoring by i.r. spectroscopy showed the complete dis- 
appearance of the reagent, while H2 evolution was indicated 
by gas chromatographic analysis. Recrystallization by slow 
diffusion of vapours of pentane into a CH2C12 solution allowed 
the isolation of a deep red crystalline product,? characterized 
as the salt [NEt4][Re4H5(CO)12], on the basis of a single 
crystal X-ray analysis. $ The reaction, which is almost quanti- 
tative, can be easily reverted using NaBH4. 

t The i.r. spectrum in CHzClz shows two v(C0) bands, at 2017vs and 
1941s, br cm-1, indicative of the presence of Re(C0)3 groups only. lH 
N.m.r. spectra in [*H6] acetone at room temperature reveal a single 
hydridic resonance (6 -10.35, s,  5H by comparison of the integrated 
intensity with those of the cationic hydrogens); the signal remains 
unchanged down to -90 "C. 

Crystal data: C&H2sN012Re4, M = 1216.2, monoclinic, space group 
P2/a (non-standard setting of no. 13), a = 17.974(4), b = 8.764(3), c = 
18.412(4) A, = 91.72(2)", 2 = 4, D, = 2.786 g ~ m - ~ ,  Mo-K, 
radiation, A = 0.71073 A, ~(Mo-K,) = 169.3 cm-l. Intensity data 
were collected on a CAD4 Enraf-Nonius diffractometer by the o- 
scan method within the limits 3 < 8 < 25". The structure solution was 
performed by Patterson and Fourier methods, on the basis of 3076 
absorption corrected independent significant [ I  > 30(1)] reflections. 
The anions were found to lie in special positions on two types of 
two-fold crystallographic axes [e and f in  Wyckoff notation, for anion 
(A) and (B), respectively]. Refinements were carried out by full- 
matrix least-squares, assigning anisotropic thermal parameters to all 
the anionic atoms except to the hydrides. These were directly located 
and refined isotropically, while the cationic hydrogens were placed in 
idealized positions but not refined. The values of R and R ,  are 0.023 
and 0.029, respectively. Atomic co-ordinates, bond lengths and 
angles, and thermal parameters have been deposited at the Cam- 
bridge Crystallographic Data Centre. See Notice to Authors, Issue 
No. 1. 

Figure 2. (a) The stereochemistry of the Re,& moiety viewed down 
the two-fold axis, and the carbonyl geometry around (b) Re(1) and (c) 
Re(2) in anion (A). With respect to an ideal staggered orientation the 
carbonyl groups are rotated by ca. 25 and 38" about Re( 1) and Re(2), 
respectively. 

The unit contains two asymmetric but structurally indepen- 
dent 'half-anions' , each anion (A) and (B) possessing crystallo- 
graphically imposed Cz symmetry and containing a distorted 
tetrahedron of rhenium atoms with the CO ligands terminally 
bonded, three to each metal (Figure 1). The distortion of the 
tetrahedral cluster geometry is noteworthy [see Figure 2a for 
anion (A)], owing to the presence of very different Re-Re 
bonds, and the angle between the two opposite edges 
Re(1)-Re(1') and Re(2)-Re(2'), projected on the same 
plane, is cu. 75" (instead of the ideal 90'). The rhenium- 
rhenium edges are of four types [bond lengths averaged 
between anions (A) and (B)]: i, Re(1)-Re(l'), mean 3.103 A; 
ii, Re(2)-Re(2'), mean 2.993 A; iii, Re(1)-Re(2) (and 
symmetry related bond), mean 3.246 A; iv, Re(1)-Re(2') 
(and symmetry related bond), mean 2.857 A. Both the cluster 
unsaturztion and the overall ligand stereochemistry can 
account for this variance. 

The hydrides have been directly located and refined, and 
their positions have also been confirmed by potential energy 
calculations using the Orpen program.4 Three are double 
bridging, on the edges Re( 1)-Re( 1 '), Re( 1)-Re(2') , and 
Re(1')-Re(2), while two are triple bridging, on the faces 
Re(1,2,2') and Re(1',2,2'). Thus each Re atom attains a 
distorted octahedral co-ordination, with three CO and three 
hydride ligands. The Re-H bond lengths have mean values of 
1.80 and 2.04 A for double and triple bridges, respectively. 
The second value is somewhat higher than expected, but these 
parameters are affected by very high uncertainties. The 
presence in the same cluster of double and triple bridging 
hydrides is very unusual.5 

The cluster unsaturation appears to be delocalized on the 
two short edges of type iv (2.857 A). This finding is rather 
surprising since the known unsaturated compounds exhibit 
either a localized multiple bond, as for instance in [Re& 
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H)4(C0)10]- [short Re-Re bond length 2.789(1) A, formal 
bond order 2],6 or a complete delocalization over all the 
cluster edges, as in [ Re4( P ~ - H ) ~ (  CO)12] (mean Re-Re 
2.913 A, formal bond order 1.33).2 In the present anion the 
short Re-Re bonds, of formal bond order 1.5, have a mean 
length intermediate between these two cases (in all three 
species the edges are bridged by two hydrides). 

Another very interesting structural feature of this anion is 
its ligand stereochemistry . Various tetrahedral clusters of the 
type [M4Hx(C0)12]y- are known, including [M4H4(C0)12] 
(M = R u , ~  O S ~ ) ,  [M4H3(C0)12]- (M = Ru, O S ) , ~  [Re4- 
(p-H)6(CO)12]2-, [Re4(p3-H)4(C0)12] and derivatives, which 
invariably show either staggered or eclipsed orientations of 
the CO groups (relative to the M-M edges). This implies, 
respectively, edge-bridging or face-capping locations for the 
hydrides, as confirmed also by theoretical calculations by 
Hoffmann et al. 10 In the anion [Re4( p-H)g( P ~ - H ) ~ ( C O ) ~ ~ ]  - 
the presence of edge-bridging and face-capping hydrides 
determines a conformation of the CO groups intermediate 
between staggered and eclipsed (Figure 2b and c). 

The fluxional behaviour of the hydrides in solution, 
resulting in an unique 1H n.m.r. resonance even at -9O”C, 
might be related to two concurrent effects: the possibility of 
higher delocalization of the unsaturation on the cluster edges 
and a rapid interchange of the double and triple bridging 
hydrides, probably because of relatively low energy barriers to 
their movements. 10 

The reactivity of the anion is currently under investigation; 
it is expected to undergo easy addition reactions in order to 
achieve saturation. In fact, in the presence of CO it readily 

adds two molecules giving the colourless (62 valence-electron) 
‘butterfly’ anion [Re4( P-H)~( CO),,] - .11 
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