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Abstract 

Reaction of [p-l ,2-phenylenebis(phenyl- or t-butyl-phosphido)-P, P]( p-carbonyl)- 
bis( $-cyclopentadienyl)dimolydenum( A4o~Mo) with nonacarbonyldiiron gave 46- 
electron Mo,Fe complexes, which were shown by X-ray crystallography in one case 
to have an open trimetalla structure (phenylphosphido), and in the other, a triangulo 
structure (t-butylphosphido). The open triametalla species is fluxional as a result of 
metal-to-metal migrations, whereas the triangulo cluster is nonfluxional, 

Interest in transition metal clusters has been quite intense in recent years, not 
only because such species represent possible conceptual bridges between homoge- 
neous and heterogeneous catalysts [2], but also because they represent synthetic 
challenges [3]. Mixed metal clusters represent a further challenge since, in general, 
they must be prepared by appropriate staging of reactivity of at least two different 
metallic reactants. We envisioned the synthesis of heteronuclear clusters by the 
reaction of reactive transition metallic intermediates with the unsaturated MoMo 
bond . In this report we describe the synthesis and some of the properties of two 
Mo,Fe species obtained via such a reaction utilizing tetracarbonyliron, isolobal with 
methylene [4]. 

We have described [5] the synthesis of la, and lb was formed similarly in 60% 
yield (Scheme 1). These dark-green crystalline complexes are somewhat unstable in 

* For part V see ref. 1. 
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air in the solid state and quite unstable to air in solution. They react readily with 
ligands such as carbon monoxide and diphenylphosphine, as well as Bronsted acids 

151. 
Reaction of either la or lb at room temperature in tetrahydrofuran with 

nonacarbonyldiiron resulted in the formation in 77 and 29% yields, respectively, of 
complexes with the composition 1. Fe(CO), (2a,2b). Despite the apparent close 
similarity of the two species, i.e., only the substituents on the u-phosphido moieties 
are different, they exhibited quite different spectroscopic properties. Thus, 2a * was 
fhtxional at ambient temperature in CH,Cl, solution, as evidenced by a broad 
singlet absorption in the 31P{H} NMR spectrum at 6 138 ppm, whereas at - 80 o C 
in the same solution, two somewhat broadened singlets were observed at 6 194 and 
85 ppm. In contrast, 2b * * in CH,Cl, exhibited a sharp singlet at 6 165.7 ppm, 
which was invariant down to - 80 O C. 

* 2a; ‘H NMR (CDC13,30 o C) S 7.66 (m, 4 IQ, 7.48 (m, 6 IQ, 7.04 (m, 2 IT), 6.92 (m, 2 I-I), 4.91 (s, 10 
H); partid 13C NMR (CDC13,30 o C) 6 94 (s, Cp); IR (CH,Cl, solution) &CO) 2020 (s), 1965 (s), 
1865 (w), 1785 (s) cm-‘. 

** 2b; ‘H NMR (CDC13, 30° C) 8 7.38 (m, 2 H), 6.63 (m, 2 H), 4.922 (s, 5 H), 4.752 (t, J 1.0 HZ, 5 H), 
1.573 01 d, J 16.5 HZ, 18 H); IR (toluene solution) v(C0) 2020 (s), 1958 (m), 1938 (m), 1817 (m), 
1776 (s) cm-‘. 



c21 

The results of X-ray structure analyses of 2a * and 2b * are presented as ORTEP 
plots in Fig. 1. With 2a, the incorporation of the (CO),Fe fragment has not 
perturbed substantially the tqple bonding of the Mq moiety, since D(MoMo) is 
2.532 A in la [5] and 2.537 A in 2a. The bond distances and angles of the heavy 
atom core are unexceptional, although there are not many data with which to 
compare the MO-Fe bond length. The two carbonyl groups on the molybdenum 
centers have a dihedral angle of 148”, so that substantial molecular motion is 
necessary upon a 1,Zshift of the Fe center, presumably contributing to a barrier to 
such motion sufficiently high to make it slow on the 31P NMR time scale at 
- 80°C. It is clear that it is iron migration which makes the phosphido centers 
equivalent, because the Cp ligands are also rendered equivalent in the fluxional 
process. Such metal to metal migration of a metal center is a relatively rare 
phenomenon [ 31. 

Although we had originally envisioned the reaction of 1 with “(C0)4Fe” to lead 
to 2c, it was clear from the ‘H NMR data that this isomer was not formed (two 
different Cp groups * *) from lb. The actual structure 2b, is closely related to this 
close form except that the more electron-poor iron center is coordinated by the 
better electron-donating CL-phosphido groups. The carbonyl groups associated with 
the molydenum atoms are semi-bridging, with deviations from linearity of about 
17”. On simple electron counting grounds, 2b is unsaturated with 46 valence 
electrons, and the unsaturation is apparent in the MoMo bond length (2.694 A), 
which is considered to be in the range of a double bond [6]. The FeMo bond lengths 
are at the high end of the single bond range, although the only complexes 
structurally characterized which contain this type of bond have p-S, p-SR, as well as 
one case of p3-PR, supporting ligands [7]. 

A complex 3 containing the mono-unsaturated Mo,Fe triangle has been pro- 
posed, but because of its extreme air and thermal lability, it could be characterized 
only spectroscopically [S]. A 4%electron oxo-capped analog of 3, with pentamethyl- 
cyclopentadienyls in place of the Cp groups, has been characterized by X-ray 

* Crystal and data collection data for 2a, 2b: The structures of 2a and 2b were determined using intensity 
data collected with MO-K radiations at - llO°C by the w scan on a Syntex P21 diffractometer 
(4O < 219 < 55O). Both data sets were corrected for absorption. Refinements were carried out by using 
the program SHEL.X 76. Crystal data for 2a: asymmetric unit, C,,H,OsP,MoaFe-O.SC,HsO, F.W. 
810.2, F@OO) = 804, d,, 1.661 g crn3 (- llO”C), triclinic, Pl, with u 10.946(6) A, b 17.667(6) A, c 
9.532(2) A, (I 105.45(2).=, /3 112.94(3)O, y 91.17(3)“, Y 1620 A3, 2 = 2,7456 unique reflections and p 
13.23 cm-‘. The structure was solved by heavy atom methods and refined by full-matrix least-squares 
procedures to a final value of R = 0.0297 and R, = 0.0327 using 6377 reflections with 1 F, ) > 4.00( Fa). 
Both the phenyl rings and the two cp rings were refined as rigid groups. The phenyl ring on P(1) and 
the cp ring on Mo(1) are disordered. Their occupancies were refined to 0.63 and 0.37 (phenyl) and 0.68 
and 0.32 (cp). Crystal data for 2b: C,,H,,OsP,Mo,Fe~O.SC,Hs, F.W. 810.22, F(OO0) = 804, d, 
1.689 g cmw3 ( - 110 o C), d,, 1.674 g cme3 (25OC), monoclinic C2/c with a 17.508(9) A, b 
12.064(6) A, c 33.144(17) A, p 114.43(5)“, V 6374.0 A3, Z = 8, 7327 unique reflections, and p 13.43 
cm- ‘. The structure was solved by heavy atom methods and refined by full matrix least squares 
procedures to a final R = 0.0558 and R, = 0.0411 for 4266 reflections with 1 F, 1 > 4.Oo(F,). Methyl 
groups were refined as rigid groups. The atomic coordinates for this work are available on request as 
NAPS document no. 04583, 97 pages. Order from NAPS c/o Microfiche Publications, P.O. Box 3513, 
Grand Central Station, New York, N.Y. 10163-3513. Remit in advance, in U.S. Funds only, $30.85 for 
photocopies or $4.00 for microfiche. Outside the U.S.A. and Canada, add postage of $4.50 for the first 
20 pages and $1.00 for each of 10 pages of material thereafter, or $1.50 for microfiche postage. 
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crystallography [9,10*]. This material arose from apparent dioxygen scavenging 
from the reaction solution, and the unsaturated Cp * analog 3 could not be isolated. 
The fact that we have been able to isolate and fully characterize 2b is indicative of 
stabilizing effect of the linked bis(p-phosphido) ligand on such labile metal-metal 
bonds. It also illustrates how sensitive cluster structures are to apparently subtle 
differences in the ligand. 
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