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Summary 

Unexpectedly the compound trans-[ (q5 -CSHS )z Zr(CH2PPh,), Rh(CO)Cl] 
was found to be monomeric and the 31P(1 H}NMR spectra demonstrated 
that two non-equivalent phosphorus atoms are tmns-bonded to the rhodium giv- 
ing the six-membered ring CH,PRhPCH&r. A carbonyl band at 1650 cm-’ in 
the IR spectrum of the solid state, is attributable to a strong interaction 
between the oxophilic zirconium atom and the carbonyl oxygen of the rho- 
dium fragment in one of the rotamers. 

There is considerable interest in complexes in which diphosphine ligands 
bridging two metals give heterometallic species [l] . When the two metals 
are very different in oxophilicity, novel types of ligand bonding can be obtained; 
for instance, novel types of bridged CO [2]. The extreme case of association 
of an early transition metal do with a late ds one is much less well documented, 
although very promising observations have been made [ 31. 

We found that the previously reported diphosphinomethylzirconium 
Cp, Zr(CH,PPh, ), can act as a diphosphine ligand towards d8 metals and thus 
promote the formation of binuclear do-d8 species arising from the presence 
of the zirconium atom in the phosphine chain [4]. We now describe a hetero- 
bimetallic complex, truns-[CpzZr(CH2PPh,),Rh(CO)Cl] (l), obtained by 
treating Cp,Zr(CH2PPh,), with (Rh(CO),Cl), (2/l). 
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The synthesis of 1 was tried using different mixtures of solvents, but only 
the addition of a pent,ane solution of the rhodium complex on a toluene/THF 
(9/l) solution of Cp,Zr(CH,PPh,), led conveniently to 1 (45% yield) with 
satisfactory analytical data (C, H, P, Zr, Rh) and unambiguous ‘H NMR spectra. 
(S ppm) in C6D6 : 2.16 (dt, 4H, ‘J(P-H) + 4J(P-H) 3.37 Hz, ‘J(Rh-H) 0.9 Hz, 
CH2 ), 6.10 (s, lOH, n5 -CgH5), 7.10-7.80 (m, C,H,). The complex, which is 
poorly soluble in benzene, was found by cryoscopy to be monomeric in di- 
oxane (M = 750, calcd. 785.7) and non-conducting in tetrahydrofuran (THF) 
solution. The 31P(1H}NMR spectra (in THF or dioxane) show essentially an 
ABX pattern at room temperature and at -7O”C, (Fig. l), indicating the non- 
equivalence of the P nuclei in a sterically rigid arrangement, and may be com- 
pared with spectra for similar non fluxional Zr-Rh complexes previously ob- 
tained from the monophosphine Cp, ZrCl(CH2PPh,) [ 31 (ppm average H3P04 : 
37.4 and 24.0, ‘J(Rh-P) 136, *J(P-P) 316 Hz). The *J(P-P) constant 
(316 Hz), taken together with the doublet of triplets observed for the methylene 
group in the ‘H NMR spectrum, is characteristic of a truns-arrangement of the 
two phosphorus atoms bonded to the rhodium, giving a six atoms nucleus 
CH2PRhPCH2 Zr, in this novel monomeric complex 1. This is, to our know- 
ledge, the first example of a monomeric species containing a five-membered 
chain diphosphine spanning trans-coordination sites. It is also the first example 
of a Zr-Rh complex in which the chelation of the CH2PRhPCH2Zr moiety 
maintains the two metals in close proximity, making novel bimetallic activation 
possible, specially for CO. 
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Fig. 1. 3’P(‘H) NMR spectrum (101.27 MHz) of 1 in THF/toluene-d, at ea. -7O’C. 

Accurate examination of the spectrum, especially in the low field region, 
shows that each of the broad peaks is separated into three (at least) closely 
spaced sharp peaks. (6 37.68, ‘J(Rh-P) 140.4,133.0, *J(P-P) 320 Hz; 37.46, 
‘J(Rh-P) 131.7, *J(P-P) 316 Hz; 37.20, ‘J(Rh-P) 136.7,139.2, *J(P-P) 
317 Hz). 

Although diphosphinerhodium complexes are well documented [ 51, there 
are very few cases where the rhodium metal is truns-chelated by a diphosphine, 
and long or medium chains are then required [ 61. Recently, a platinum-rho- 
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dium complex obtained by Shaw [l] and contain 
was described as containing an eight-membered 
the case of the zirconium-rhodium complex (l), the novel stereochemical 
feature arises from the constrained structure of the six-membered ring, 
CH,PRhPCH,Zr, which affects the eclipsed geometry of such a system (Fig. 2) 
and twists the rhodium square plane. Different rigid conformations due to the 
restrictions imposed by the ring system give different rotamers with non- 
equivalent phosphorus nuclei. 
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Fig. 2. Newman projection of 1 along the P-Rh-P axes (Cl-RhXO axes are omitted for clarity). 

Whereas the IR spectrum of 1 in THF showed only one strong broad 
v(Rh--CO) band at 1960 cm-’ , there were three v(C0) bands, at 1960,1900, 
and 1650 cm-’ , in the solid state. In the solid state, the first two bands can be 
assigned to rotamers with the chlorine atom or the CO group gauche to the 
sets of the phenyl group. The band at 1650 cm-’ of the third rotamer prob- 
ably arises from an interaction between the carbonyl group of the rhodium 
and the oxophilic zirconium atom to give a v2 carbonyl complex, (2), as 
already reported by Bercaw and by Caulton in M-CO-Zr systems (M = Co, 
Mo) [7,81- 

(2) 

Studies of the catalysis of hydroformylation by Zr-Rh systems of the 
type reported are now in progress. 
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