
c37 

Journal of Organometallic Chemistry. 213 (1981) C37-C40 
Elsevier Sequoia Sk, Lausanne - Printed in The Netherlands 

Prelinkary communication 

STRUCTURAL CHARACTERIZATICN OF THE ANIONS [Rh,(CO)i5X]- 
[X = COEt AND CO(OMe)] 

GIANFRANCO CIANI, ANGELO SIRONI* and (the late) PAOLO CHIN1 

Istifufo di Chimica GeneraZe ed Inorganica dell’Uniuersif& e Cenfro de1 C.N.R., Via 
Venetian 21, 20233-Miiano (Ifaly) 

and SECOND0 MARTINENGO 

Cenfro det C.N.R. di Studio sutla Sinfesi e la Sfruffura dei Composti dei Metalli di 
Tiansizione nei Bassi Stati di Ossidazione. Via Venetian 21, 20133-MiZano (Italy) 

(Received April lst, 1981) 

The anions [ Rhe (COh 5X]-, with X = COEt and CO(OMe), have been 
studied by{single-crystal X-ray diffraction. They contain octahedral rhodium 
clusters, with mean metal-metal distances of 2.779 and 2.765 A, respectively. 
The carbofiyl stereochemistry in the two anions is similar to that of Rh,(C0)16, 
with one terminal CO group replaced by the X ligand. The Rh-C(carbo- 
methoxy) bond distance (l-96(2) d ) is significantly shorter than the 
Rh-C(acyl) distance (2.06(2) a). 

We have undertaken a series of crystallographic determinations on the sub- 
stitution products of Rh, (CO),,, with the aim of elucidating the nature of the 
cluster-ligand interactions when the ligands are small organic groups and of 
studying the associated distortions of the cluster and of the carbonyl stereo- 
chemistry. 

We recently reported the synthesis and structure of the anion [Rh6(C0)i4- 
(Q~-C&)I-- Cl], and we now describe the structures of the anions 
[Rh,(CO),5X]- [X = COEt (I) and CO(OMe) (II)], whose syntheses were+ 
previously reported [2,3]. Crystals of the tetraphenylphosphonium, PPh, , 

0022-328X/81/000o--O000/$02.50,@ 1981, Elsevier Sequoia S.A. 



C38 

salts of anions I and II have beer1 studied by single-crystal X-ray diffraction*. 
- The structures of the anions I and II are illustrated in Figs. 1 and 2, re 

spectively. They are similar, both containing an octahedral cluster of rhodium 
atoms with 11 terminal and 4 face-bridging carbonyl ligands; the acyl (in I) 
and the carbomethoxy (in II) ligands are o-bonded to the rhodium atom 

Fig. 1. A view of the anion LRh,<CO),,<COEt)l~ The‘metal--metal distances are: l-2 2.710. 14 
2819. l-5 2.750. l-6 2.830. 2-3 2-828, 2-5 2.735. 2-6 2.829, 3-4 2.718, 3-5 2.790. 3-6 2.764. 

4-5 2-768. M 2.806 A: e_rd.‘s are 0.001--0.002 A. 

labelled Rh(6), and occupy the coordination site of the twelfth teArminal CO 
ligand of the parent Rh,(CO)l,. 

The Rh-Rh bond lengths in I range from 2.710(l) to 2830(Z) A, with a 
mean value of 2779 A, and in II range from 2.732(2) to 2.802(2) A, with a 
mean value of 2.765 II These mean values are comparable, for instance, with 
those of CRh,(CO)lsI]- (2.746 A) [4] and Rh, (CO)l, [P(OPh), 14 (2;789 A) 
[S], which represent, respectively, the shorter and longer mean values found 
in octahedral carbonyl rhodium clusters. Taking into account the fact that 
Rhb(CO)ih has a mean Rh-Rh bond distance of 2.776 A [6], no simple cor- 

*cryst& data_ CRh,(CO~,,(COEt)l(PPh,) (I), M = 1434.0, triclinic. space group Pi (no. 2) a = 
12.996(7). b = 14.484(7). c = 12.748(7) AC. a = 89-75&, @ = 80.56<5>:. 7 = 80.47<W”. Z = 2. 
CRh,(CO),,(CO(OMe))l(PPh,) (II>. M = 1436-Q, txk!&-&s sx-e asp Pi @CT. 2j. a = 14.918[4). b = 

12_357(4).c = 13_099(4)d, (Y = 100.36(4)".B = 89.39&. y = 99.43(4f. Z = 2. Both structures 
were solved by conventional Patterson ami Foutier methods, and refined by block-matrix least- 
squares, on the ba$s of 4533 <I) and.3727 <II) significant independent counter data. up to current 
conventional R values of 6.2% for I and 5.5% for 11. 
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Fig- 2. A tied of the anion CRh,<CO),,(CO<OMe))l_ The m&al--metal distances are: l-2 2.741. 14 

2.802. l-5 2.743. 1-6 2.797. 2-3 2.786, 2-5 2.760. 2-6 2.760. 3-4 2.732, 3-5 2.769, 3-6 2.767. 
4-5 2.769. 4-6 2.759 A; e.s.d.‘s are 0.002 A. 

relation can be found between the net negative charge on the cluster and the 
mean metal-metal bond distance. 

The Rh-C bond lengths for the terminal CO groups have mean values of 

1.86 A in I and 1.85 A in IL In both the anions the triple bridging carbonyls 
bound to the metal atom, Rh(6), bearing the X ligand, are markedly asym- 
metric, a feature frequently observed in this class of compounds [1,4,5,7]. In 

fact, the mean Rh(6)-C(1,2) bond length is 2.06 A in I and 2.11 A in II, 
while the mean Rh(1,2,3,4)-C(1,2) bond length is 2.30 A in I and 2.22 A in 
IL The other two triple bridging carbonyls show only a little asymmetry. 
They have the same mean Rh-C bond length of 2.16 A in the two anions. 
The C-O(terminal) bond lengths (mean 1.15 A in both anions) are, as ex- 
pected, shorter than the C-O(bridging) ones (mean 1.20 A in both anions). 
Typical e.s.d.‘s for the Rh-C and C-O bond lengths are 0.02 A. 

The ‘acyl group and, particularly, the carbomethoxy group are rather un- 
common ligands in mononuclear rhodium species, and only a few structures 
containing them are known. Bond parameters for these groups ara illustrated 
below. The Rh-C(acy1) bond length, 2.06(2) A, is significantly longer than 
the Rh--C@dwmeth~~} G-IX+, X96(2} A, as expt& for t8e pr.ssenee in G-s 

second ligand of the more electronegative OCH3 group in piace of C-,& in the 
former, which increases the drift of n electrons from the metal atom [S]. 
These bond lengths can be compared with those of Rhm-C(acy1) in 
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Rh 2.0% (1) 

Rh 
1.962 <III 

1.55, C”3 

Rh(CO-n-Pr)(PEt,)2 (mnt), Z-002(7) A, [9] and in [RhI(COEt)(PPh, )(mnt)]-, 
2_006(14) A [lOJ ( mnt = maleonitriledithiolate). 

Considering the overall geometries of the two anions, we observe that II 
shows smaller distortions from Rhe(C0)16 than I, i.e. a less scattered range of 
Rh-Rh bond lengths and lower asymmetries of the ,u~-CO groups. These re- 
sults are in line, taking into account the above mentioned better a-acidity of 
the CO(OMe) Iigand, with the hypothesis that larger distortions in these deriva- 
tives can be related to the poorer n-accepting ability of the substituent ligands. 
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