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Figure 2. Molecular structure and labeling scheme for 4 (40% 
thermal ellipsoids). Only one of the chemically indistinguishable 
but independent molecules in the asymmetric unit is shown. Bond 
distances (A) bond angles (deg): Ru(1)-C(14), 2.18 (1); Ru(2)- 
C(14), 2.21 (1); Ru(3)<(14), 1.98 (1); (av) Ru(3)-C(sS-C&), 2.27 
(2); C(14)-0(13), 1.27 (2); 0(13)-Ru(4); 2.23 (1); (av) Ru-C- 
(14)-Ru, 79.7 (6); Ru(4)-0(13)-C(14), 128 (1). 

demonstration of such chemistry from a binuclear me- 
tallapyrrolidone complex. 

It is interesting to compare the chemistry described 
herein to the recently reported reactions of alkynes with 
the p3-phosphinidene iron analogue of 1, Fe3(p3- 
PC6H40CH3)(CO)l~22 These reactions gave trinuclear 
products from either substitution of alkyne for a cluster 
CO (photolysis) or insertion of the alkyne into an Fe-P 
bond (thermolysis). In contrast to the results reported 
herein, no coupling of the phosphinidene ligand with CO 
was observed, further illustrating the significant reactivity 
differences between isoelectronic p3-nitrene and p3-phos- 
phinidene  ligand^.^ 

I t  is clear from this and related studies that p3-nitrene 
ligands in metal clusters can combine with a variety of 
other ligands including hydride~,~”g ~ a r b e n e s , ~  
methoxycarbonyls,5 and now alkynes. The further re- 
activity of this ligand is under exploration in our labora- 
tory, with current efforts directed toward ita reactions with 
olefins and other unsaturated organic substrates. 
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Summary: The metal-metal-bonded dimer [CpCr(CO),] 
(11) reacts (a) with Bu,SnH to give CpCr(CO),H and 
CpCr(CO),SnBu, and (b) with methyl iodide to give 
CpCr(CO),I and CpCr(CO),Me. Both reactions appear to 
involve the chromium-centered radical CpCr(CO),-, 
formed spontaneously via dissociation of 11. The X-ray 
crystal structure of the chromium-centered radical 
CpCr(CO)2(PPh,). has been determined: the compound is 
isostructural with the 18-electron species CpMn(CO),- 
(PPh,) but exhibits a deformation which may be attributed 
to the electron “hole”. 

We have recently reported a mechanistic investigation, 
involving CIDNP studies, of the hydrometalation 
(“insertion”) and hydrogen-transfer reactions of HMII(CO)~ 
and CpFe(CO),H with conjugated dienes.’ In an attempt 
to extend this work to similar reactions of the hydride 
C P C ~ ( C O ) ~ H ~  (I), we have observed no CIDNP polariza- 
tions but did to our surprise observe coalescence of the 
cyclopentadienyl ‘H NMR resonance of I with that of the 
reaction byproduct [CpCr(C0)3]2 (11). Although we can 
offer for this behavior no obvious rationalization involving 
direct exchange between I and 11, the chromium-chromium 
bond of the latter is sufficiently weak3 that I1 dissociates 
slightly in solution to form the paramagnetic monomer 
CpCr(CO),- (III).4 Thus one may postulate direct hy- 
drogen atom exchange between I and 111, i.e. 

[Cr]H + [Cr] - [Cr]-.H.-[Cr] - [Cr] + H[Cr] (1) 

[Cr] = CpCr(CO)3 

Precedent for this reaction is found in the facile transfer 
of hydrogen from C ~ M O ( C O ) ~ H  to photogenerated CpW- 
(co)3.,5 and indeed, atom abstraction reactions are a 
characteristic process of transition-metal-centered radicals 
such as III.6 In the system under consideration here, 
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Figure 1. The molecular structure of CpCr(CO)2PPh3., showing 
the atom numbering scheme. Selected bond lengths (A) and angles 
(deg): Cr-P = 2.345 (l), Cr-C, = 1.826 (3), Cr-C2 = 1.816 (4), 

= 93.4 (l), C1-Cr-C2 = 80.9 (1). 
C1-01 = 1.16 (12), Cz-02 = 1.16 (12), P-Cr-CI = 93.3 (l), P-C:I-c2 

dissociation of I1 must be facile, leading to the possibility 
that the chemistry of I1 might generally reflect the re- 
activity of 111. There is currently much interest in the 
properties of 17-electron, metal-centered radicals such as 
111, usually generated photochemically,6 and a novel op- 
portunity to study thermally generated metal-centered 
radicals seemed to be presented. We therefore report here 
preliminary results of an investigation into the chemistry 
of I1 with substrates which are known to react readily with 
metal-centered radicak6 

Reactions of I1 with tributyltin hydride in tetrahydro- 
furan and toluene in the dark proceed as in (2). The 

I1 + 2Bu3SnH - I + CpCr(CO),SnBu, (2) 

reactions proceed quantitatively (by NMR and IR spec- 
troscopy) within 5 min at  room temperature, although the 
product I also reacts slowly with excess Bu3SnH to form 
more of the chromium-tin compound. In contrast the 
analogous molybdenum dimer [CpMo(CO),] is reported 
to react thermally with Me3SnH at a negligible rate to form 
a very small yield of CpMo(C0),SnMe3,' while the same 
molybdenum dimer and its tungsten analogue react pho- 
tochemically with Bu3SnH to form the corresponding 
tin-molybdenum and -tungsten compounds plus hydro- 
gen6f (eq 3). The much higher thermal reactivity of the 

[CPM(CO)~]~ + 2Bu3SnH - 2CpM(CO),SnBu3 + H2 
(3) 

M = Mo, W 

chromium dimer I1 seems best rationalized on the basis 
of the lower metal-metal bond strength of that compound 
relative to its heavier analogues,8 which are not in equi- 
librium with significant amounts of monomers. Thus a 
reasonable intermediate would be one in which I11 and 
Bu3SnH form a hydrogen atom bridged species analogous 
to that shown in (l), a route not available thermally to the 
molybdenum and tungsten compounds. The contrast in 
reaction products in (2) and (3) is also of interest and 
strongly suggests that the two reactions proceed via dif- 
ferent mechanisms. The chemistry represented by (3) was 
induced via photolysis of the molybdenum and tungsten 

(7) Bradley, G. F.; Stobart, S. R. J .  Chem. Soc., Dalton Trans. 1974, 

(8) Landrum, J. T.; Hoff, C. D. J.  Organomet. Chern. 1985,282, 215 
264. 

and references therein. 

dimers in the presence of the tin hydride and is believed 
to involve oxidative addition of the tin-hydrogen moiety 
to the metal radicals rather than a direct hydrogen-metal 
interaction as in (1). Thus the differences in behavior may 
arise because of photochemical activation of the molyb- 
denum and tungsten radicals toward oxidative addition, 
either because of ligand loss or because of the lowered 
ionization potential of an excited state species. It certainly 
seems likely, on the basis of relative metal-hydrogen bond 
strengths? that the molybdenum and tungsten monomers 
should be able to abstract a hydrogen atom from Bu3SnH 
more readily than does 111. We note also that substituted 
manganese (0) radicals of the type MII(CO)~L~ (L = ter- 
tiary phosphine) abstract the hydrogen atom from 
Bu3SnH, although subsequent coupling of manganese and 
tin radicals is subject to severe steric hindrance.6g 

Compound I1 also reacts in tetrahydrofuran with alkyl 
halides and trialkytin halides as in (4) and ( 5 ) ,  atom 

I1 + Me1 - CpCr(CO),Me + [CpCr(CO),(THF)]I (4) 

I1 + R3SnX - 
CpCr(CO),SnR, + [CpCr(CO),(THF)]X (5) 

transfer reactions of a type generally characteristic of 
metal-centered radicalsa6 Although the solvate complexes 
have not previously been characterized, they were iden- 
tified by their IR spectrag and by their facile, reversible 
conversion to the known halo complexes CpCr(CO),X (X 
= Br, 1)11 on removal of the solvent. I t  is interesting to 
note that coupling of the alkyl and chromium radicals to 
give CpCr(CO)BMe is facile; this type of product has been 
anticipated in photochemical reactions of metal-metal 
bonded compounds with alkyl halides but is rarely ob- 
served because of low concentrations of metal radicals.6c 

Finally, we note that metal-centered radicals are gen- 
erally stabilized with respect to dimerization by substitu- 
tion of carbon monoxide by bulky ligands. Thus radicals 
of the type M(C0)4L. (M = Mn, Re) become more per- 
sistent as L becomes more sterically demanding,6e and 
[CpCr(CO)2(P(OMe),j]z, although a diamagnetic dimer in 
the solid state, is much more extensively dissociated in 
solution than is II.4" In an attempt to prepare a persistent 
chromium radical for study, we have therefore reacted I1 
with the relatively bulky triphenylphosphine, obtaining 
in quantitative yield yellow crystals of CpCr(CO),PPh,. 
(IV). Compound IV has been prepared previously and 
characterized by elemental analysis1° but was apparently 
assumed to be dimeric and was not studied in detail. We 
find, however, that IV has a magnetic moment corre- 
sponding to one unpaired electron in the solid state and 
exhibits a 'H NMR spectrum containing only very broad 
resonances. The IR spectrum of IV exhibits two uco at 
1920 and 1805 cm-*, as compared with 1932 (s), 1867 (s), 
and 1855 (m, sh) cm-l for CpCr(CO)2(PPh3)H,12 which is 
formed by treating IV with hydrogen gas. 

(9) For the presumed complexes [CpCr(C0)3(THF)]X (X = C1, Br, I), 
u = 2029 (s), 1972 (vs), and 1950 (m) cm-'. These frequencies may be 
compared with the corresponding data for similar solvates obtained from 
disproportionation of I1 in various donor solvents.'O 
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The crystal structure of IV has been determined,', and 
the geometry is shown in Figure 1, where the monomeric 
nature (the shortest Cr-Cr distance is 6.29 A) and the 
"three-legged piano stool" geometry are apparent. The 
compound is isostructural with CpMn(C0)2(PPh3)19 (V) 
but exhibits interesting, subtle differences in structure. 
Thus while V exhibits normal OC-Mn-CO and P-Mn-CO 
bond angles of 92.42 (41)' and 92.65 (27)' or 90.52 (32)', 
respectively, IV exhibits OC-Cr-CO and P-Cr-CO bond 
angles of 80.9 (1)' and 93.3 (1)' or 93.4 (l)', respectively. 
The origin of this interesting distortion may presumably 
be found in the nature of the singly occupied orbital, which, 
by analogy with C P M ~ ( C O ) ~ ,  is probably of d,z-yz or d,, 
character and hence lies largely between the CO and PPh, 
ligands.20 It  would seem that the electron "hole" is 
localized largely between the carbonyl ligands, thus al- 
lowing closing of the OC-Mn-CO bond angle in response 
to the steric demands of the triphenylphosphine.21 The 
metal-ligand distances of IV are all significantly longer 
than those of V, presumably because of a larger covalent 
radius for Cr(1) than for Mn(1). 
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Dlphenyldlazomethane as a Six-Electron p,-Ligand In 
Metal Cluster chemistry: Structural Characterization 

(R = Ph) and the Product of CO Insertion Into the 
Nitrogen-Nltrogen Bond Ru5( CO),,( p4-q2-C2R)- 
(p,-NC(O)NCPh,)(p.-PPh,) (R = i-Pr) 

Of R u , ( C O ) , ~ ( ~ ~ - ~ ~ - C S R ) ( ~ , - N ~ C P ~ ~ ) ( ~ - P P ~ ~ )  
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Waterloo Campus, Department of Chemistry 
University of Waterloo 
Waterloo, Ontario, Canada, N2L 3G 1 

Received July 23, 1986 

Summary: Reaction of Ru,(CO),,(p4-q2-C~CR)(p-PPh2) 
(R = Ph, i-Pr) with diphenyldiazomethane (Ph,CN,) af- 
forded R U , ( C O ) ~ ~ ( ~ ~ - ~ ~ - C ~ C R ) ( ~ , - N ~ C P ~ ~ ) ( ~ - P P ~ , ) ,  the 
phenyl derivative of which has been shown by X-ray 
crystallography to contain an intact, p,-coordinated 
N,CPh,; these compounds are converted, in good yield, 
under CO to Ru,(CO),,(p4-q2-C~CR)(p4-NC(O)NCPh2)(pL- 
PPh,) via CO insertion into the N-N bond. 

Diazo compounds are extensively used in organometallic 
chemistry as precursors of alkylidene ligands or as one- 
carbon fragments for carbon-carbon bond synthesis.'P2 In 
addition an extensive coordination chemistry of intact 
diazoalkane molecules is known and a variety of terminal, 
q- and p-bonding modes have been identified.3-5 The 
propensity of metal clusters to bind unsaturated ligands 
in multisite fashion and the unsaturation implicit in the 
nitrene canonical form 1 of diazoalkanes might suggest 
additional modes of interaction in polynuclear systems. 
We describe herein the trapping of an intact diphenyl- 
diazomethane molecule as a p4 six-electron ligand in the 
pentanuclear ruthenium cluster R U ~ ( C O ) ~ ~ ( F ~ - ~ W =  
CPh)b4-N2CPh2)(p-PPh2) (2) and the insertion of CO into 
the N-N multiple bond of 2 to give a p4-acylnitrene cluster 

illustrated in Scheme I. 
Rug( CO) 13(p4-q2-C=LPh) (p-PPh2) (p4-PhZCNC (0)N) (3) a~ 
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