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Abstract 

The reversible interconversions of 0x0 aud arylimido ligands and a metathesis 
reaction between arylimido ligands and arylisocyanates are described. The com- 
pound [Mo(q-C,H,Me)(NPh)(yrNPh)], contains linear terminal Mo-NPh ligands 
and a planar Mq(C(-N), fragment. 

We have previously described the synthesis of the tetra-imido complex [Mo(n- 
C,H,)(NPh)(C(-NPh)], (1) by replacement of the terminal and bridging 0x0 groups 
of [Mo(q-CjHs)(0)(pO)]z by reaction with phenylisocyanate [l]: 

[MO(T-c,H,)(o)(~-o)]* + 4 PhNCO + [Mo(q-C,H,)(NPh)(pNPh)], + 4 CO, 

Here we describe the synthesis of alkyl-substituted cyclopentadienyl analogues of 
1 and a study of the interconversion of terminal 0x0 and imido ligands in these 
compounds. 

Results and discussion 

Treatment of the tetra-oxo complexes [M~(T&H~R)(O)@-O)]~ [2a, R = Me; 2b, 
R = Pr’] with an excess of phenylisocyanate in refluxing THF (tetrahydrofuran) 
gave the correspomling tetra-imido complexes [Mo(q-C,H,R)(NPh)@-NPh)l,, [3, 
R = Me; 4, R = Pr’] as orange, air-stable, crystalline solids. + The p-tolyl analogue 
[Mo(&H,Me)(N-p-tolyl)( yN-p-tolyl)], (5) was similarly prepared from 2a and 
p-tolylisocyanate. Isolated yields were between 20 and 65%. 

The crystal structure of [Mo(q-C,H,Me)(NPh)(Cr_NPh)]2 (3) has been de- 
termined * (Fig. 1) and reveals a planar Mq(~-IV), core and a mutually tram 
disposition of the r)-C,H,Me rings. Thus the molecular structure of 3 is analogous 
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Fig. 1. Molecular structure of 3 viewed very nearly perpendicular to the MO-MO bond. Hydrogen atoms 
omitted for clarity. The molaxle liea across a crystallographic inversion ccntrc with atom lab&d “B” 
related to their counteqarts by the symmetry operator [ - x, - y, - z]. !Selected bond lengths (A) and 
angles (“) as follows: MO(l)-Mo(lB) 2.7175(5), Ma(l)-N(1) 1.763(3), I&(1)-N(2) 1.975(2), Ma(l)- 
N(2B) 1.964(2), MO(l)-Cp_, 2.01; Mo(lB)-MO(l)-N(1) 112.32-(9), Mo(lB)-Mo(l)-c~~ 124.89, 
MO(l)-N(2)-c(20) 135.3(2), MO(l)-N(l)-C(10) 173.6(2), where Cp_, refers to the c&puted ‘)-CSH,Me 
ring centmid. 

The geometries of the terminal and bridging PhN ligands suggest that they act as 
four-electron donors, which would give a formal 20 valence electron count to each 
molybdenum atom in 3. This apparent violation of the RAN rule may be rationa- 
lised by use of simple symmetry-based molecular orbital arguments supplemented 
by extended Htickel molecular orbital calculations. Thus two of the twelve frontier 
orbitals of the (NPh), fragment (one b,, and one bg under the idea&d C,,, 
symmetry of 3) are essentially non-bonding with respect to Mo2(q- 
C,H,Me)&NPh), interactions. In the complex 3 these two orbitals house four 
electrons, and so each NPh l&and acts only as a three-electron donor, giving a 
formal 18 valence electron count to each molybdenum atom. 

We supposed that the conversion of 2a to 3 proceeded via a stepwise replacement 
of each 0x0 ligand by arylimido. Therefore, we set out to isolate and character&e 
these presumed intermediates. ‘H NMR spectroscopic studies of the reaction 
between &I and one equivalent of PhNCO gave no evidence of mixed oxo-imido 
compounds. However, the reverse reaction, namely replacement of imido groups by 
0x0 ligands, was readily achieved for the two terminal imido ligands by simple 
hydrolysis. Thus, hydrolysis of 3 with wet chloroform gave yellow, crystalline 8. 
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Similarly, treatment of the isopropyl derivative [Mo(&H$r’)(NPh)(~-NPh)l, (4) 
with wet chloroform yielded the corresponding mono- and bis-oxo complexes 
[M02(1]-CsHsPri)z(o)(NPh)(C(-NPh),l (9) and [Mo(ll-C,H,PriXOXCc-NPh)l, W), 
respectively. Addition of water to an acetone solution of 3 resulted after two hours 
in only a 75% conversion into the mono-oxo complex 8. However, addition of small 
amounts of dilute hydrochloric acid to 3 in acetone caused an immediate colour 
change from orange to yellow and the bis-oxo compound 7 was isolated in 90% 
yield. 

Alper and co-workers [2] have previously reported that the binuclear complexes 
[Mo(q-C,H,R)(C0)3]2 (R = H, Me) react with various nitroarenes to give the 
mixed oxo-imido complexes [Ma,(q-C,H,R),(O),@-O)+NAr)]. We found that 
treatment of [Mo(q-C,H,Me)(CO)Jz with one equivalent of nitrobenzene gave both 
the mono-imido species [Mq(q-C,H,Me),(O),(p-O)(p-NPh)] (6) and the bis-oxo- 
bis-imido complex [Mo(q-C,H,Me)(0)@NPh)lz (7). The IR data (y(Mo=O) 885 
cm-‘) suggest that 7 has a terminal 0x0 group, as shown in Scheme 1. 

In support of the proposal that they are intermediates in the conversion of 2a to 
3, we found that treatment of the mixed oxo-imido complexes 6, 7, or 8 with an 
excess of phenylisocyanate gave 3 in smooth high yield reactions. 

While the terminal imido ligands of 3 are readily hydrolysed to give 0x0 groups, 
the bridging imido ligands are resistant to hydrolysis. Thus, [Mo(q-C,H,Me)(O@ 
NPh)], (7) was indefinitely stable in water. Complex 3 reacted slowly with hydrogen 
sulphide during ten days to give red crystals of [M%(q-C,H,Me),(S)(NPhxc(- 
NPh),] (11) in 62% yield. 

Heating the complex 3 with an excess of p-tolylisocyanate results in the stepwise 
exchange of terminal imido ligands yielding first [M%(q-CSH,Me),(N-p- 
tolyl)(NPh)@-NPh),] (12) and then [Mo(q-CSH,,Me)(N-p-tolyl)( PNPh)], (13). 
Conversion of 3 to 13 was complete after eight weeks at 70° C (‘H NMR). 
Prolonged thermolysis of the reaction mixture did not cause substitution of the 
bridging phenylimido ligands. We propose that the metathesis between the terminal 
imido ligands and arylisocyanates proceeds via a metallacyclic intermediate (Scheme 
2), and note that structurally analogous metallacyclic compounds have been isolated 
159'31. 

Pure samples of 12 and 13 could not be isolated from the reaction mixtures 
owing to contamination by isocyanate oligomers formed during the reaction. How- 
ever, pure 12 and 13 ‘were prepared separately in high yields by treatment of the 
mono- and bis-oxo compounds [Mq,(&H,Me),(O)(NPh)(p-NPh),l (8) and 
[Mo(~-CsHqMe)(0)(~-NPh)]2 (7), respectively, with an excess of p-tolylisocyanate. 

The new reactions and structures proposed for the new compounds are shown in 
the schemes. 

In conclusion, selective interconversion of 0x0 and imido ligands has been 
observed with bridging imido groups more resistant to hydrolysis or metathesis than 
terminal arylimido groups. 
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