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Synthesis of H exa kis( t r i met hy I p hosp h i ne) mol ybden u m usi ng 
Molybdenum Atoms and its X-Ray Crystal Structure 
F. Geoffrey N. Cloke,a Kevin P.  COX,^ Malcolm L. H. Green,*a 
Jim Bashkin,b and Keith Prout*b 
a Inorganic Chemistry Laboratory, South Parks Road, Oxford OX7 3QR, U.K. 
b Chemical Crystallography Laboratory, 9 Parks Road, Oxford OX7 3PD, U.K. 

Co-condensation of molybdenum atoms with an excess of trimethylphosphine gives 
hexakis(trimethy1phosphine)molybdenum which crystal structure studies show to have an octahedral MOP, 
unit; it is highly reactive to substitution by dinitrogen, olefins, and dihydrogen, forming a variety of 
derivatives. 

Transition metal compounds which have high energy (electron- Amongst the monodentate tertiary phosphines, trimethyl- 
rich) centres frequently are reactive towards normally inert phosphine combines strongly electron-releasing properties 
systems such as carbon-hydrogen bonds and dinitrogen. with relative compactness of size. We set out to synthesise a 
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compound of the type Mo(PMe,), using the method of metal 
vapour synthesis. 

In a typical experiment, molybdenum atoms (1 g) were 
co-condensed with an excess of trimethylphosphine (50 cm3) 
using the apparatus recently described? After removal of the 
volatile trimethylphosphine and recrystallisation of the red- 
orange residue from cyclohexane, orange crystals of 
Mo(PMe,), (1) were obtained in ca. 55% yield. 

The compound (1) has been characterised by crystal struc- 
ture determination and microanalysis [Found Mo : 17.6 %; (1) 
requires 17.4%]. The mass spectrum shows a highest band 
assignable to the cation [Mo(PM~,)~]+. 

Crystal data: C18Hj4MoP6, A4 = 551.97, cubic, space group 
h 3 m ,  a = 11.319(2) A, U = 1450 A3, 2 = 2, Dc = 1.26 g 
cm-,. Intensities of 1622 reflections were measured (20ma, 60") 
on a CAD-4 diffractometer using Mo-K, radiation. The 
structure was solved by Patterson and difference-Fourier 
methods, and refined by full-matrix least squares using 224 
independent reflections [1>30(1)], not corrected for absorption 
[p(Mo-K,) 7.3 cm-l].t 

The P atoms lie on sites of crystallographic 4rnm symmetry, 
requiring at least four-fold disorder for the methyl groups. The 
disorder was modelled by placing two independent carbons on 
the mirror-planes at (x,y,-y) and (x,y,O). C(1) and C(2) were 
given a relative occupancy of 2: 1 in accord with difference- 
Fourier peak heights and cell symmetry, and were refined with 
isotropic temperature factors. Symmetry requires that Mo(1) 
be refined isotropically as well, but P(1) was allowed aniso- 
tropic temperature factors. The R-value is 0.052, and Rw is 
0.069. 

The molecule has an octahedral arrangement of the six 
phosphorus atoms about the central Mo, with a separation 
Mo(1)-P( 1) of 2.467(2) A. This is considerably longer than the 
Mo-P bond-length of 2.421(3) found in another zero-valent 
Mo-phosphine compound, Mo(M~,PCH,CH,PM~,),,~ and 
may reflect steric pressure caused by the bulky PMe, ligands. 
The angles Mo( 1)-P(1)-C(1) and Mo(l)-P(l)-C(2) are 
118.1(8) and 126(1)", respectively; the P(l)-C(l) bond length 
is 1.884(4) A, and the distance P(1)-C(2) is 1.880(4) A. 

The lH and 31P n.m.r. spectra of solutions of (1) in C6H6 
show that partial dissociation of trimethylphosphine has 
occurred and that (1) is in equilibrium with small quantities of 
two hydrido-compounds. The spectra may be interpreted in 
terms of an equilibrium between the compounds (2) and (3) 
shown in Scheme 1 ; for both molecules the phosphorus nuclei 
are made equivalent by a rapid fluxional process involving 
reversible C-H addition of a methyl group to the molybdenum 
centres. (Partial lH n.m.r. data (C,D,) are for (1) 8.64 T 
(s, no P-H coupling owing to rapid exchange of PMe, 
groups); for (2) 15.67 r [sext., J(P-H) 40.5 Hz, MoH]; for (3) 
14.0 T [quint., J(P-H) 45.2 Hz, MoH,]} 

In accord with the long Mo-P distances, the trimethyl- 
phosphine ligands of (1) are highly labile and (1) very readily 
undergoes ligand substitutions. 

Treatment of solutions of (1) in light petroleum with dink 
trogen at 15 atm forms the compound Mo(PMe,),N, (4). 
Similarly, treatment of (1) with hydrogen, carbon monoxide, 
ethylene, or butadiene causes in each case a smooth displace- 
ment of two or more trimethylphosphine ligands and the 
reactions and structure proposed for the products, namely 
(5)-(7), (9), respectively, are shown in Scheme 1. Treatment of 
(1) with methyl iodide gives the di-iodo-compound (8). The 
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-f The atomic co-ordinates for this work are available on request 
from the Director of the Cambridge Crystallographic Data 
Centre, University Chemical Laboratory, Lensfield Road, 
Cambridge CB2 IEW. Any request should be accompanied by the 
full literature citation for this communication. 

Scheme 1. Conditions and yields: i, hydrogen at 2 atm and 20 "C in 
light petroleum, >60y0; ii, CO at 2 atm and 20 "C in light 
petroleum, >go%; iii, dinitrogen at 15 atm and 20 "C in light 
petroleum, v(N,) 1950 cm-l (mull), ~ 9 0 % ;  iv, solution in 
benzene at 20 "C, reversible dissociation of a PMe, group, 
followed by C-H metallation; v, excess of butadiene at 20 "C in 
light petroleum, >60y0; vi, ethylene at 2 atm and 20 "C in light 
petroleum, >60%; vii, excess of methyl iodide at 20 "C in light 
petroleum, > 60%. 

compounds (4), (61, (7), and (8) have been independently pre- 
pared and cha rac t e r i~ed .~~~  The compounds (4)-(9) have been 
characterised by microanalysis, mass spectra, and by n.m.r. 
spectroscopy. 

There is a very marked difference between the reactivity 
of (1) and that of the previously described analogue contain- 
ing the bis( 1,2-dimethylphosphino)ethane ligand, namely 
Mo(M~,PCH,CH,PM~~) , ,~~~  which is very inert to substitution 
and, for example, protonates with hydrogen chloride forming 
the dihydrido-derivative [MOH,(M~,PCH,CH,PM~,),]~+.~ 
Further, the compound Mo [P(OMe),], is inert to substitution 
except when ph~tolysed.~ 

The molybdenum centre in (1) is probably highly electron- 
rich and this, together with the steric overcrowding, can 
account for the exceptional lability and ease of substitution of 
the PMe, ligands. The compound (1) is clearly a useful pre- 
cursor to a wide variety of low valent derivatives. 
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