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Abstract

The M—M bond shortening effect, usually attributed to the presence of bridging
COs in metal clusters, and the relationship between bridged and unbridged Ir,
derivatives, are discussed in terms of the balance between M-CO, CO..CO and
M-M interactions.

It is commonly believed that in transition metal cluster compounds the M—M
bonds spanned by bridging COs are generally shorter than unbridged ones [1]. The
shortening effect has been attributed to the bridging CO causing slight M—-M
bonding character of the polycentric M—M bond [2], and this view has been
supported by the observation of progressive decrease of the M—M distance upon
increase of the number of bridging ligands [3]. The fact that this behaviour is not
found in several cases has been accounted for by invoking special electronic and /or
steric effects in the compound under consideration or discounted on the ground of
scarce structural data reliability. This is the case, for instance, for many derivatives
of Ir,(CO),,, that are known to possess the “C;, -like” arrangement of CO ligands
with three bridging COs around a triangular face [4], rather than the “Tlike”
arrangement with only terminal ligands characteristic for the parent molecule [5].

We now provide clear evidence that for the family of substituted M, tetrahedral
species (M = Co, Rh, Ir), substantial shortening of the bridged M-M bonds with
respect to the unbridged ones is observed only for M = Co, and that for M = Rh or
Ir the general trend is for longer, or at most equivalent, M—M bonds to accompany
the presence of u,-COs. A brief comparison of all the known tetrahedral species is
given in Table 1 [6]. The few Ir, derivatives which have been shown to preserve a
“Trlike” structure are also listed, and will be discussed separately. The differences
between the mean bond lengths for unbridged and CO-bridged bonds (4s in Table
1) have values of 0.068, —0.027, —0.019 A for Co, Rh and Ir, respectively. Since the
standard deviations for M~M bond lengths usually fall in the range 0.001-0.003 A,
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Table 1

Comparison of averaged structural parameters for substituted derivatives of M (CO),5 species (M = Co,
Rh. Ir)

(M-M),, (M. M), A

Cy,

Co,(COY5 2.494¢14) 2.485(12) 0.009 S5y 206(5) 6

[Co(u,-CO)(COYCIOYMe] 2.562(1) 24611 0.101 17814 P44y iy
((\)4(,U.E»(‘O)I(C())x”' 25212 1.467(2) 1.0054 17601y f.89301 BN
Cou(p2-COY(COY PP, 233001y 248X 0.048 17978y 19374y 3s
Coy{p,-COy(COY PMe, 253002 2.469(2) 0.061 ’ BN
Cogtp,-COYHCOY;[P(OMey ], 2.528(1y 24541y (0.074 TRy 19236) 3o
Rh,(CO),, 27158y 2.7498) 003 1ea7) LowTy 7

Rh ,{1,-COy,(CO),(PPh ), 27072y 275002 0.043 PRS2 2092 RN
Rh 4{ 11 5-CO)(CO) [P(OPh) {5 26942y 27192 0425 PASAy 206 Sy
Rh 4 11,-C Oy (COY 5[ P(OPh) 4 ] 4 27098y 2.741(%) ~0.032 L8Mey 2000 6y
Rh 4 (u,-CO):(CO) s (dppmy, 2.706(1)y 27151 - .009 Loty 20%) T
Rh 4(u-PPh ) 4(pt5-COY(COY2(PPhyy 2.87602) + RN
Rh,(pu-PPh ) (11 ,-COY L, (COY, 4 2816(1) o LRG(TY 2OR(HY BN
monoclinic

triclinic 282801 ' ' O
Iy (1,-CO) L (COY (1 -SO, ) 26941) 2733 0037 19Xy 20Ny 10
g (¢ -COYHCO), ]S 2721(1)y  2.752(H -0.031 1882y 2132y Hs
[HIrg( p-COY(COYy ) 2706(2) 27272 0.021 PRH2 TUNS) 12s
X-ray

fneutron 2.714(1) 2.736(1) - 0.022 18946y 20X 2 125
[Tr,(p5-CO)(CO)Br] 2.696(1)  2.725(1) - 0.029 LKy 213y 13s
[, (1-COY,(CON(COORY 2726020 271D 0.009  * 20067 2l 14s
{Irg(11,-CO)(CO) PhPPPhir,

(p2-CONCOY(AuPEL,) ] 271Uy 2.746(2) —0.035 15
Iry(1,-COY (COY5

(Me, PCH ,CH,PMe,) 273602y 2.739%2) -0.003 PR3 2072y 16s
Ir (1 ,-CO){COY, (diars) 2.726(1) 272002 0006 * 1883 2043 17
Ir { p,-COY(COy 4 (diop) 27232y 27642y - 0.041 L8433 207 18y
Ir (1,-CO}(CO)(PMe, Phinbd 2.726¢1) 272001 0006 % 1893y 2072y 18
Iry(p,-CO) A(CO),(PPh ;)nbd 271D 2737 - (3,044 PRI 20602y 19y
I, (11,-CO)(CO) . (PPh )Ph. P

(CH.),PPh, 2.728(1y 27451 ~LOT7 TRKIY 2072y 20s
Irg(,-CO)CO)(PMe, ), 2731 2745(1) - 0.008 LRSI 20
Ity (p,-COY(CO)(PH,PCH, PPh.)  2.726(1)  2.725(1) Q00T ISR DI 2
Ir, (115-CO) (COY(dpp) 2686(2)  27282)  —0.039 G TR TE TR RN
Irgt u,-CO)(CO)s(PPhMe, ), T30} 2748 — (.08 TR 2aTesy 2
Hlry(p1,-CO)3(CO) 4 (dpp)

(PhC, H,PCH=CHPPh,) 275Uy 271901 0038 ¢ L83 243y 23
[HLIr (g -CO)(COj4 )2 2.789¢2y 271D (LOTR o+ L8O 2033 2ds
Iry(p-PPhy(p,-CO) (COY,(PPhLy,  2.894(1)  2747(1) L1474 1851 20901 26
16, (COY,; 2.693(7) 187 5
I, (COY,[(Ph, Py, CH] 2.689(3) ' 278
Ir, (COy,, ON(t-Bu) 2.685(1) L.R6(3) AT
(I (CO),,SCN] 2.684(1) TR 205

“ Only CO-bridged M~M bonds were averaged. ? ns refers 1o the supplementary reference fist. © Not
reported. ¢ No unbridged M-M bonds.
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these values, though not derived from isostructural species, appear to be meaningful.
It should be pointed out that some compounds (marked by a + in Table 1) were
not included in these comparisons because of some “abnormal” bond lengths,
undoubtedly caused by the presence of unusual ligands or by an unusual ligand
distribution. The parent M ,(CO),, species were also omitted because of the known
problems of disorder and twinning in their crystals [5,7,8]. It should also be
emphasized that the few positive A-values (a* in Table 1) for Ir, derivatives are very
small, indicating that there is more likely equivalence of M—M interactions rather
than inversion of the trend. A further point of interest is the fact that the trend
appears to be irrespective of: (a) the degree of substitution, (b) the presence of
ionic charge, (¢) the actual involvement of the apical atom in polysubstitution, and
(d) the type of substituent. Although M-C and C-O structural parameters are
known with lower accuracy, and also depend strongly on the refinement procedure
employed [9], it is noteworthy that the difference in the average M-C lengths
between terminal and bridging ligands shows a slight increase on going from Co to
Rh and Ir (M-C,) - (M-C,) = 0.16, 0.19, 0.21 A, respectively), and the increase
does not seem to depend on whether the bridged M—M bonds are shorter or longer
than the unbridged ones. The understanding of the relationship between bridged
and unbridged M-M bonds seems to require recognition of the difference in
repulsive interactions and steric demands between terminal and bridging COs
bound to the same metals, and between COs bound to different metals. Thus the
inversion of the bridged /unbridged ratio on passing from Co to Rh and Ir, can be
tentatively explained by regarding the metal atom polyhedron within the ligand
coverage as the “soft-core” of the molecule, capable of adapting itself to the
demand of the surrounding ligands. In other words, lengthening or shortening of
M-M bonds may be the indirect consequence of the compromise between optimiza-
tion of M-CO interactions and minimization of non-identical CO-~CO, and
CO,~CO, intramolecular repulsions, which also reflect differences between the
electronegativities of the metals and the electronic effects of the substituents. On
this basis it seems that models assuming equivalence between CO, and CO, must be
reassessed [10,11].

One more consideration arises from a comparison of M—M bond lengths between
the “C,like” Ir, derivatives and the few “Tlike” species. Although speculation
about such a small data set must be somewhat uncertain, it is noteworthy that the
metal polyhedron in “Tlike” species is always smaller than in the “C; -like” species
(see Table 1).

Substitution of COs by poorer w-acceptor or sterically more demanding ligands
may well be the cause of the “T~C;,” switch [10]. However it appears that, once the
“C,,-like” structure is established and the homogeneous distribution of CO,..CO,
interactions perturbed by CO-bridge formation, Ir-Ir bond lengthening occurs in
order to adapt the metal frame to the new ligand distribution. In other words, M—M
bonding energy is lost first when ligand reorganization is required as implied by the
thermodynamic evidence for stronger M-CO and weaker M-M bonds in poly-
nuclear carbonyls [12]. Conversely, when steric or electronic perturbations are small,
the more stable “Tlike” structure, with optimum M-M bonding, is preferred [13].

However the problem may be more complex, and the present analysis does not
yet explain the fact that Co,(CO),;, and Rh,(CO), adopt the bridged structure
while Ir,(CO),, does not. Nevertheless it seems that the balance between bridge
formation and M—M bond lengths is, for Ir, in favour of shorter bonds.
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We believe that all these point will be clarified by a careful structural analysis of
isostructural substituted species of Co, Rh and Ir, and this is in progress.

We thank prof. V.G. Albano for helpful discussions.
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