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A Dimeric Quadruply Metal-Metal Bonded Molybdenum(u)-Schiff's Base Complex:
Bis[V,N'-ethylenebis(acetylacetoneiminato)molybdenum(u}]

Giovanna Pennesi,2 Carlo Floriani,*= Angiola Chiesi-Villa,> and Carlo GuastiniP

a | C.M.A., Université de Lausanne, CH-1005 Lausanne, Switzerland
b [stituto di Strutturistica Chimica, Centro di Studio per la Strutturistica Diffrattometrica del CNR, Universita di

Parma, -43100 Parma, Italy

Reduction of dichloro-N,N'-ethylenebis(acetylacetoneiminato)molybdenum(iv), [Mo(acacen)Cl;], with sodium in the
presence of diphenylacetylene afforded the diamagnetic dimer [Mo{acacen)], containing an Mo—Mo quadruple bond
[Mo-Mo, 2.1678(4) A), as shown by an X-ray crystal structure determination.

Schiff’s base complexes are becoming an important class of
compound for studying chemical reactivity of the metal centre
rather than structural and spectroscopic properties only.
Among the most studied reactions, reduction was used for
producing metal-centred nucleophiles or ligand-centred rad-
ical anions.! Reduction using alkali metals led to either
bifunctional complexes? or polynuclear compounds via the
reductive coupling of the imino groups of the ligand.?
Formation of metal-metal bonds from the reduction of
Schiff’s base complexes is quite a rare event, observed only
once in the presence of an unusual bridging ligand.4

We report here the formation of a dimeric Schiff’s base
complex containing an Mo—Mo quadruple bond which is not
supported by any bridging ligand. Such metal-metal bonded
[ML,], dimers are rather numerous in metal-porphyrin
chemistry;5 apart from porphyrin complexes, only two well
defined complexes, which contain a tetra-aza-annulene
ligand, have been reported.®.’

Dichloro-N,N’ -ethylenebis(acetylacetoneiminato)molyb-
denum(1v), [Mo(acacen)Cl,], (1) was obtained by a published
procedure.8 Complex (1) has a pseudo-octahedral structure,?
with the acacen in the equatorial plane and the two chlorines
trans to each other. Reduction of (1) by sodium sand (2 equiv.)
in the presence of a stoicheiometric amount of Ph,C, led to a
deep red solution from which (2) crystallized as a red solid.

Complex (2) crystallized from a solution in tetrahydrofuran
(thf) in rather low yield. The addition of n-hexane led to
recovery of a significant amount of the red solid (2) (ca.
50%).t Reduction of (1) with sodium sand or sodium-
naphthalene in the absence of Ph,C, gave different results
which are under investigation. Although the role of Ph,C, is
not yet clear, it probably stabilizes the monomeric [Mo-
(acacen)] unit forming a complex which is relatively labile
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+ Satisfactory analytical data have been obtained.

towards dimerisation forming (2). A related process is the
thermal decomposition of [Mo(tpp)Ph,C,)] leading to the
dimer [Mo(tpp)], (tpp = tetraphenylporphyrin).!° The stabili-
zation by Ph,C, prevents the further reduction of either the
monomeric Mo!! complex, [Mo(acacen)], or the Mo-Mo unit
in [Mo(acacen)],. Complex (2), which is diamagnetic, is very
air-sensitive in solution and is moderately stable to air in the
solid state.t The structure of (2) was determined by a single
crystal X-ray analysis.i Figure 1 shows a view of the
centrosymmetric (C;) dimer, with a selection of bond distances
and angles. Analogous structures have been reported recently
for [Mo(tpp)],!! and [Mo(tmtaa)],* (tmtaa = dibenzotetra-

Figure 1. An ORTEP drawing of the [Mo(acacen)], dimer (48%
probability ellipsoids). Bond distances (A): Mo-Mo’, 2.1678(4);
Mo-N(1), 2.115(4); Mo-N(2), 2.117(4); Mo-O(1), 2.088(3); Mo-
0(2), 2.089(2). Bond angles (°): Mo'-Mo-0(1), 105.7(1); Mo'-Mo-
0(2), 105.9(1); Mo'-Mo-N(1), 99.4(1); Mo'-Mo-N(2), 99.9(1);
O(1)-Mo-0(2), 91.3; O(1)-Mo-N(1), 88.5(1); O(1)-Mo-N(2)
153.3(1); O(2)-Mo-N(1), 153.7(1); O(2)-Mo-N(2), 89.0(1); N(1)-
Mo-N(2), 79.8(1). Prime indicates the transformation —x, —y, —z.

t Crystal data: Co4H3sM0oN4O4, M = 636.5, triclinic, space group P1,
a = 8.869(1), b = 10.762(1), ¢ = 7.844(12) A, « = 94.94(1), B =
113.55(1), y = 104.67(1)°, U= 649.0(2) A3, Z=1,D. = 1.629 g cm 3,
Mo-K,, radiation (A = 0.7107 A), w(Mo-K,) = 9.78 cm-!: crystal
dimensions 0.18 x 0.32 x 0.48 mm. The structure was solved by the
heavy atom method (Patterson and Fourier synthesis) and refined by
full-matrix least-squares. For 2146 unique observed structure ampli-
tudes [/ > 3o(/), no correction for absorption] collected at room
temperature on a Philips PW 1100 diffractometer in the range 6 < 26
< 52° the R value is 0.028 (R,, = 0.031). All the hydrogen atoms were
located in a difference Fourier map and introduced as fixed
contributors in the final stage of refinement. All calculations were
carried out using SHELX 76. Atomic co-ordinates, bond lengths and
angles, and thermal parameters have been deposited at the Cam-
bridge Crystallographic Data Centre. See Notice to Authors, Issue
No. 1.
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methyltetra-aza[14]annulene dianion).” The two acacen
ligands are in an eclipsed conformation. The oxygen atoms of
one acacen unit eclipse the mtrogen atoms of the other at a
separatlon of 3.109(4) [O(1) - - - N(2)] and 3.099(4) A [N(1)
- O(2')]. The N,O, sets of donor atoms are planar, with

molybdenum out of the plane by 0.469(1) A; cf. 0.458 A in
[Mo(tpp)],!! and 0.57 A in [Mo(tmtaa)],+.7 The two [Mo-
(acacen)] units are bent away from the Mo-Mo fragment,
adopting an ‘umbrella’ conformation. The Mo~Mo distance of
2.1678(4) A is consistent with a metal-metal quadruple bond!2
and is significantly shorter than the analogous distance in
[Mo(tpp)]., 2.239(1) A1t

The molybdenum-donor atom dlstances are significantly
longer in (2) [Mo-0Q,,, 2.089(2); Mo-N,, , 2.116(4) A] than in
the corresponding molybdenum(1v) complexes [Mo(acacen)
Cl] (1)° [Mo-O,,, 1.988(5), Mo-N,,, 2.074(6) A] and
[{Mo(acacen)Cl},(u-0O)]°  [Mo-O,,, 2.026(5); Mo-N,,
2.089(6) A]. The reduction of molybdenum(iv) chelate
complexes provides a promising synthetic methodology for a
variety of metal-metal bonded [Mo(chelate)}, dimers. More-
over, the easy accessibility of a large number of Schiff’s base
ligands should allow both the electronic properties of the M,
unit and the metal-metal bond order to be controlled.

G. P. is on leave from ITSE-CNR, Area della Ricerca di
Roma. We thank the Fonds National Suisse de la Recherche
Scientifique (S.N.F. n. 2.131-0.86) for financial support.

Received, 21st October 1987; Com. 1528

351

References

1 J. Lewis and M. Schroder, J. Chem. Soc., Dalton Trans., 1982,
1085;J. A. Switzer, J. F. Endicott, M. A. Khalifa, F. P. Rotzinger,
and K. Kumar, J. Am. Chem. Soc., 1983, 105, 56; K. Kumar, F. P.
Rotzinger, and J. F. Endicott, ibid., 1983, 105, 7064; M. Millar
and R. H. Holm, ibid., 1975, 97, 6052; J. A. Streeky, D. G.
Pillsbury, and D. H. Busch, Inorg. Chem., 1980, 19, 3148.

2 G. Fachinetti, C. Floriani, P. F. Zanazzi, and A. R. Zanzari,
Inorg. Chem., 1979, 18, 3469; S. Ciurli, E. M. Meyer, C. Floriani,
A. Chiesi-Villa, and C. Guastini, J. Chem. Soc., Chem.
Commun., 1987, 281.

3 S. Gambarotta, F. Urso, C. Floriani, A. Chiesi-Villa, and C.
Guastini, Inorg. Chem., 1983, 22, 3966.

4 S. Gambarotta, M. Mazzanti, C. Floriani, and M. Zechnder,
J. Chem. Soc., Chem. Commun., 1984, 1116.

5 P.J. Brothers and J. P. Collman, Acc. Chem. Res., 1986, 19, 209.

6 C. F. Warren and V. L. Goedken, J. Chem. Soc., Chem.
Commun., 1978, 909.

7 D. Mandon, J. M. Giraudon, L. Toupet, J. Sala-Pala, and J. E.
Guerchais, J. Am. Chem. Soc., 1987, 109, 3490.

8 A. Van der Bergen, K. S. Murray, and B. O. West, Aust. J.
Chem., 1972, 25, 705.

9 G. Pennesi, C. Floriani, A. Chiesi-Villa, and C. Guastini,
unpublished results.

10 J. P. Collman, C. E. Barnes, and L. K. Woo, Proc. Natl. Acad.
Sci. USA, 1983, 80, 7684.

11 C. H. Yang, S. J. Dzugan, and V. L. Goedken, J. Chem. Soc.,
Chem. Commun., 1986, 1313.

12 F. A. Cotton and R. A. Walton, ‘Multiple Bonds between Metal
Atoms,” Wiley, New York, 1982; F. A. Cotton, Chem. Soc. Rev.,
1983, 12, 35.




