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The air oxidation of [MO~(CO) , (~ . -RCCR’ ) (~~ -C~H~)~ I  in the presence of trimethylamine #-oxide affords the novel 
organometallic complexes [ M O ~ O ~ ( ~ . - O ) ( ~ - R C C R ’ ) ( ~ ~ - C ~ H ~ ) ~ ]  (R = R’ = C02Me or Ph; R = C02Me, R’ = H; R = Ph, R’ 
= H) which are characterised spectroscopically; the structure of [Mo~0~(p-O)~p.-Me02C-C2-C02Me)(~5-C~H5)21 1 is 
determined by X-ray crystallography. 

Molybdenum-oxo species are important industrially, for exam- 
ple in the heterogeneously catalysed oxidation of propylene to 
acrolein.1 Consequently, the synthesis of molybdenum oxo- 
organometallics has received much attention,2 but the synthesis 
of a high-oxidation state transverse-alkyne bridged dimolybde- 
num oxo-complex has not previously been reported. 

We wish to report the synthesis and crystal structure of a 
novel dimolybdenum organometallic 0x0 complex which 
possesses only bridging and terminal oxygen ligands in addition 
to a bridging alkyne and cyclopentadienyl groups. This 
complex, [MO~O~(~-O)(~-M~O~C-C~-CO~M~)(~~-C~H~)~] 1, 
has been prepared by air oxidation of [Mo2(C0)4(p-Me02C- 
C2-C02Me)(q5-CsHs)2] 2 3  in acetonitrile with an excess of 
freshly sublimed trimethylamine N-oxide (Scheme 1). Tri- 
methylamine N-oxide has been widely used in organometallic 
syntheses, for example in metal carbonyl cluster substitution 
reactions,4 and in the isomerisation of cis- and trans-[Mo- 
(C0)2(PPh3)I(qW5H5)]s but has not previously been used as a 
reagent for the controlled air-oxidation of metal carbonyl 

R R’ R R’ 

R = R‘ = C02Me or Ph; R = C02Me, R’ = H; R = Ph, R’ = H 

Scheme 1 Reagents and conditions: i, Excess Me3N0, air, MeCN, 298 K 

Fig. 1 ORTEP representation of [Mo202(p-0)(y-MeO2C-C~-CO2Me)(q5- 
C5H5)2] in the crystal (thermal ellipsoids are drawn at the 50% probability 
level). Selected bond lengths (A) and angles (”): Mo(1)-Mo(2) 2.7875(6), 
Mo(l)-O(ll) 1.688(2), Mo(l)-O(lb) 1.921(2), M0(2)-O(lb) 1.930(2), 
Mo(2)-O(21) 1.706(2), Mo( 1)-O( 1b)-M0(2) 92.73(9). 

complexes. Air oxidation of a solution of 2 in the absence of 
trimethylamine N-oxide resulted only in decomposition prod- 
ucts and starting material. 

Complex 1 is the first example of a transverse alkyne bridged 
complex derived from [Mo~(CO)~(~-RCCR’) (~ -CSH~>~~  in 
which all four CO ligands have been displaced. Its formation 
under such mild conditions is of particular interest. Displace- 
ment of all four CO ligands of [MO~(CO)~(~-RCCR’)- 
(q-C5Hs)2] has previously always been associated with a 
transformation of the alkyne bridge, for example in the high- 
temperature reaction of [Mo2(C0)4(p-RCCR’)(qs-C~Hs)2] with 
an excess of alkyne to form ‘flyover’ complexes6 or in the 
reaction with PPh2Cl to form an a-phosphino vinyl ligand.7 

Complex 1 has been fully characterised by spectroscopy? and 
X-ray cryst!llography$ (Fig. 1). The Mo-Mo bond length 
[2.7875(6) A] is shortened with respect to the length of the 
Mo-Mo single bond [2.977(1) A] reported for the related 
carbonyl complex [Mo2(C0)4(p-EtCCEt)(q5-C~H5>21s and is 
consistent with the presence of the Mo=Mo double bond6 
required for the complex to obey the 18-electron aule. The 
average molybdenum-oxygen distances of 1.697 A for the 
terminal 0x0 ligand and 1.926 A for the 0x0 bridge are 
comparable with corresponding bond lengths reported for 
similar structures such as [ { (Moo(p -O) (qW~H5)}~]~  and 

The related complexes [Mo202(p-O)(p-RC2R’)(r5_CgH5)21 
for R = R’ = Ph; R = C02Me, R’ = H and R = Ph, R’ = H 
have also been prepared in varying yields and characterised 
spectroscopically. The reactivity of these high oxidation state 
molybdenum(1v) species in comparison with their parent 
carbonyl complexes is under investigation. 
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Foot notes 
1- Spectroscopic data for [Mo~O~(~-O)(~-M~O~C-CZ-CO~M~)(~~- 
CSH&]: Yield 31%. IR (in CH2C12, KBr solution cells) 1690 [v(CO)], 894, 
799 and 645 cm-1 [v(MO=O) and v(MDQ)]. 1H NMR (400 MHz, CDC13) 
6 3.93 (s, 6 H, C02Me) and 6.14 (s, 10 H, CsH5); I3C NMR (400 MHz, 
CDC13) 6 212.6 (s, 2C, C02Me), 89.7 (s, lOC, C5H5) and 52.5 (s, 2C, 
CO2CH3). FAB-MS mlz 513 [(M+ + 1) for c1~H1696M0207]. Satisfactory 
microanalysis (CIH). 
t Crystal data for [Mo2O2(p-0)(p-MeO2C-C2-C02Me)(q5-C5H5)2]: 
C16H16M0207, M ,  = 512.17, monoclinic, space groupP2,/n, a = 9.758(2), 
b = 14.253(3), c = 12.630(3) A, p = 99.42(3)”, U = 1732.9(7) A3, T = 
153(2) K, Z = 4, D, = 1.963 g ~ r n - ~ ,  F(000) = 1008, ~(Mo-Ka) = 
(0.71073 A, p(Mo-Ka) = 14.82 cm-l. Orange prisms, 0.19 X 0.21 X 0.25 
mm. 5695 Reflections measured, 7.0 < 28 < 50”. Absorption correction: 
minimum and maximum transmission 0.853 and 0.941. Refinement on Fo2 

for 3043 data and 228 parameters (all non-H anisotropic), wR2 = 0.0607 
(all data), conventional R = 0.0245 (2635 data with F ,  > 4aF,). The 
computer programs SHELXTL-PLUS ‘2 and SHELXL9313 were used for 
structure solution and refinement. 
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Atomic coordinates, bond lengths and angles, and thermal parameters 
have been deposited at the Cambridge Crystallographic Data Centre. See 
Information for Authors, Issue No. 1. 
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