J.C.S. Caem. Comm., 1977

145

Synthesis and Reactions of Molybdenocene Dimers: X-Ray Crystal Structure of
the Salt [{(n-CsH;)Mo},(p.-OH)(p-H){p-(n*-CsH,-7*-C;H,)}]12PF 1 H,O

By N. JonN CooPEr and Marcorm L. H. GREEN*
(Inovganic Chemistry Labovatory, South Parks Road, Oxford OX1 3QR)

and Craire CouLpweLL and KeitH ProUT*
(Chemical Crystallography Labovatory, 9 Parks Road, Oxford OX1 3PD)

Summary
CsH,y) )

The  compounds [{(n-CsH;)MoH [u-(n' :m5-
(two isomers), [{(n-CsHz)MoH },{u-(n>-CsHyn?-
CsHy) 3], [{ (n-CsHg)MoH }y(u-H) {u-(>-CsHy-n>-CH,) JPF,
[ {(n-CoHy) Mol }y [u-(mP-CsH,m-CsH,) 11 and [ {(n-CH)-
Mo },(pu-OH) (u-H) {u-(*-CHyn*-CsHy) })2PFg  are  des-
cribed, and the X-ray crystal structure of the last of
these is reported.

TREATMENT of the tetramer {[Mo(n-C;H;),HLi] } (I)! with
nitrous oxide gives an exothermic reaction from which two
isomeric yellow crystalline compounds (IIa and IIb) are
isolated. (IIb) may be obtained by recrystallisation of (IIa)
from toluene.

Toluene solutions of (ITa or b) at 50 °C turn green giving
green crystals of (III). The mass spectra and analytical
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data for (Ila or b) and (III) are identical and correspond to
the stoicheiometry [C;,H;,Mo],. Prolonged treatment of
(ITa or b) and (III) with aqueous hexafluorophosphoric acid
gives brown crystals of stoicheiometry C,oH,,F;,M0,0,;P,
(IV) whose crystal structure has been determined.

Crystal data: compound (IV), CyqHy F1,M0,0;..P,, mono-
clinic, @ = 10-248, b = 12-814, ¢ = 9-995 A, § = 107-35°.
Space group P2, (No 4, C,?) Z = 2, D, = 2-03 g cm~3; 2004
independent reflections were measured by four-circle
diffractometry using Mo-K, radiation (A = 0-71069 A).
The structure was solved by Patterson and Fourier methods
and refined by large block least-squares. Hydrogen
atoms have not been located. The conventional agreement
index, R, is now 0-073.t

The unit cell contains two cations with the structure
shown in the Figure, together with four hexafluorophos-
phate anions and one water molecule. The crystal struc-
ture of the cation shows the geometry of a structure closely
related to a molybdenocene dimer, in which the molybdenum
atoms, separated by 3:053 A, are bridged by the pentaful-
valene ligand, which is n®bonded to both molybdenum
atoms. The fulvalene ligand, which has an inter-ring bond
distance of 1-42 A, is folded with an angle of 18-1° between
the rings.
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FIGURE. Structure of [{(-CsHz)Mo },(u-OH)(u-H) {u-(n5-CsH,-
7%-CsHy) 112+

The hydroxy ligand forms a symmetrical bridge between
the molybdenum atoms with Mo-O distances of 2-07 and
2-09 A and a bridging angle of 94-3°. The hydrogen atom
position, marked by broken lines, is hypothetical; there is
no direct evidence for its presence from electron density
distribution, but it may be inferred on chemical grounds, as
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a bridging hydrido hydrogen is required to bring each of the
Mo atoms to the 18e configuration. The angles subtended
at Mo by the centroids of the two 7)°-C, rings are 134-5 and
135-0°, and are in the region expected for a normal bent 4*
bis-n-cyclopentadienyl metal system.?

The 'H n.m.r. spectra of (IIa or b) strongly suggest the
structures shown in the Scheme. The evidence does not
show which isomer is ¢is or frans. The 'H and *C n.m.r.
spectra of (III) may be interpreted in terms of the structure
given in the Scheme where the Mo-hydrogens are fluxional.

Brief treatment of (III) with aqueous hexafluorophos-
phoric acid gives red crystals corresponding to the formula,
[CooH,y Mo, ]JPFg (V) ; this with base regenerates (III). The
H n.m.r. spectrum of (V) shows three equivalent Mo-
hydrogens and we propose the structure for (V) as shown
in the Scheme and that the Mo-hydrogens are fluxional.
Treatment of (IIb) with iodine gives brown crystals of
formula (C,,H;sMo,I,) (VI).

Structures similar to those proposed for (Ila or b) and
(ITI—VI) have been shown, for example, in binuclear
titanocene and niobocene compounds.?3—¢

The simple thermally induced rearrangement of (IIa or b)
to (III) shows a mechanism by which mono-7®-cyclopenta-~
dienyl metal systems may give rise to ‘bridging fulvalene’
systems found in (III), (IV), and (V) and in titanocene
dimers® and related titanium compounds.*

The mechanism in equation (1) for the formation of (ITa or
b) from (I) is suggested. The insertion of nitrous oxide

(@)
[ {Mo(-CsH,)yHLi},] —> ‘[Mo]-N=N-O-Li
(i) (iii)
——> ‘[Mo-(n-C;H;),N,)’ ——> (ITa or b) (1)

(i) Toluene suspension, dry N,O, room temp.; (ii) dry MeOH,
0°C, ca. 409, ; (iii) dimerisation, — N,.

into the Mo-Li bond bears analogy with related CO,
insertion reactions.!
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