Inorg. Chem. 1988, 27, 3057-3058 3057

Figure 1. Drawing of the Ru(TMP)(THF)(N,) molecule showing 50%
probability ellipsoids and a partial labeling scheme. Hydrogen atoms
have been omitted for the sake of clarity.

Fe(porp)(py)(IN,) where porp = the dianion of a protoporphyrin
IX diester.'” Tt is clear from the limited literature available!*%
and our own more recent observations, that the N, ligand in the
mono(dinitrogen) complexes is highly thermolabile and radiation
labile (laboratory lighting and X-rays). The growing of a crystal
of 1, and its subsequent analysis by X-ray diffraction, were not
trivial problems.

The structure of 1 is shown in Figure 1. The complex shows
the typically linear Ru«—N==N arrangement with the metal being
essentially in the plane (0.014 A above the weighted least-squares
plane of the 25-atom porphyrin skeleton). The Ru—-N(5) distance
of 1.822 (13) A is slightly shorter than that found in the Ru-
(N,)(N;)(en),2* ion?! (1.894 (9) A). Other features of the Ru—
N-N geometry are comparable in the two compounds and in the
less accurately determined structures of two ruthenium dinitrogen
hydrido phosphine complexes.?>?* Other averaged bond lengths
and angles for the metalloporphyrin moiety within 1 show no
unusual features when compared with those of other monomeric,
6-coordinate Ru porphyrin complexes.24-3

The chemistry and redox properties of the Ru(II) porphyrin
dinitrogen complexes, particularly the reactivity of the bound N,
remain to be elucidated.
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Lappert and co-workers! ended “The Quest for Terminal
Phosphinidene Complexes”? with their reported synthesis and
structural characterizations of (7>-CsHs),M(=PAr) where M =
Mo (X-ray) and W and Ar = C4H,(#-Bu);-2,4,6. We wish to
report here our synthesis and characterization of a novel® phos-
phido-capped tritungsten cluster supported by alkoxide ligands
and further to speculate that its formation may involve the reactive
intermediate of formula (¢-BuCH,0); WP having a W-P triple
bond.

The reaction between W,(OCH,-2-Bu)s(HNMe,),* and white
phosphorus, P, proceeds in hydrocarbon solvents according to the
stoichiognetry (as determined by 'H NMR spectroscopy) shown
ineq 1.

75°,4h
2W,(OCH,-t-Bu)s(HNMe,), + P, toluene

(HNMe,)(2-BuCH,0),W(7*-P;) + W,(P)(OCH,-t-Bu), +
3HNMe, (1)

The compound (HNMe,)(z-BuCH,0);W(n-P;) was previously
characterized® from reaction 1, but the nature of the major
tungsten-containing compound W;(P)(OCH,-¢-Bu), was not
readily established. The elemental analysis indicated an ap-
proximate empirical formula W(OCH,-#-Bu),, and though the
presence of phosphorus was indicated, none could initially be
detected by *'P NMR studies.”  The compound W,(P)-
(OCH,-t-Bu)g is only sparingly soluble in hydrocarbon solvents
though this allowed the observation by NMR spectroscopy of two
types of OCH,-t-Bu groups in the integral ratio 2:1, with the
former having diastereotopic methylene protons.” Repeated at-
tempts to obtain single crystals suitable for a single-crystal X-ray
study failed until crystals appeared in an NMR tube in which the
course of reaction 1 was being followed.®
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Figure 1. A ball-and-stick drawing of the Wy(u3-P)(u-OCH,-1-Bu),-
(OCH,-1-Bu)g molecule. Pertinent bond distances and angles are given
in the text. The molecule has a crystallographically imposed Cj axis of
symmetry.

In the space group R;, there are two independent W;(u;-P)-
(u-OCH;,-1-Bu);(OCH,-2-Bu) molecules in the unit cell. Each
molecule has crystallographically imposed C; symmetry, and the
two molecules are virtually superimposable, differing so little that
all parameters are virtually equivalent within the criteria of 3¢.
A view of one of the molecules is given in Figure 1.

Each tungsten atom is in a square-based-pyramidal coordination
geometry with the W-P bond occupying the axial site; W-P =
2.365(4) A. The W-W distance is 2.757 (1) A, and the angles
within the distorted WP tetrahedron are W-W-W = 60°,
W-P-W = 71.3 (1)°, and P-W-W = 54.3 (1)°. the W-O-
(terminal) and W-O(bridging) distances are 1.92 (1) and 2.05
(2) A (average), respectively. Structurally and electronically the
clusters W,(u;-X)(u-OR);(OR)s where X = CMe® and P are
closely related. Of course, RC and P are isolobal,'? and we have
previously reported the characterization of W,(u-X,)(OR)4(py).
compounds where n = | or 2 and X = CH!! and P.12 Also, the
(n*-C;R,) moiety seen in the molecular structure of
(Me,NCH,CH,NMe,)Cl;W(n’-C3;Me,(z-Bu))*? is isolobal with
the (5°-P;) moiety in (HNMe,)(¢-BuCH,0);W(%*-P;). Given
the extensive chemistry of (RO);W=CR’ compounds'* and to
a lesser extent (RO);W==N compounds,'® we suggest a similar
chemistry for (RO);W=P.'¢ In particular, the formation of
W;(us-P)(OCH,-1-Bu), in eq 1 could well follow the reaction
scheme outlined in eq 2.
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W,(OR)s + P4~ W,(OR)(P,) (2a)

W(OR)(Pg) —= (RO);W (1-P) + (RO);W==P (2b)

W;(OR)g + (RO);W==P —+ W;(u;-P) (u-OR)3(OR)s  (2¢)

It should be noted that (1) P, metal-containing compounds are
known,!” (2) asymmetric cleavage of (RO);M=M(OR), com-
pounds,'® as well as Cp(CO),M=M(CO),Cp compounds'® (M
= Mo, W), is well documented, and (3) the comproportionation
reaction, reaction 2¢, has ample precedent in the preparation of
W3(3-CR")(OR)5,® W3(13-0)(OR) 0, and W3(u3-NH)(OR)yg
compounds.? Also, given the existence of phosphaalkyne com-
pounds,?* RC=P, and the propensity, perhaps above all other
metals, for tunsten to form W=CR bonds, we believe the quest
for compounds containing W=P bonds will shortly be fulfilled.?*
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The ?’Al nucleus is quadrupolar, having a nuclear spin, /, of
3/, and a quadrupole moment, 0, of 0.149 X 10-2* cm?, Inter-
action of the quadrupole moment with local electric field gradients
couple the nucleus to molecular motions, thereby giving rise to
an efficient magnetic relaxation mechanism.!  Electric field
gradients are generated or imposed about the ?’Al nucleus by the
ligand field asymmetry of ligands or solvent molecules bound to
the aluminum(III) metal ion. In the limit of fast motion, nuclear
spin quadrupolar relaxation is governed by eq 1, where Tq, T,

n? g0 \’
](?+ l) P Te
98]

and T, are the quadrupolar, spin-lattice, and spin—spin relaxation
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