
tively similar to that13 of the Mo(CH3)S
4-; the band corresponding to the 

&-b" transition occurs at 16.9 cm - 1 , and this figure together with a W-W 
distance of 2.26 A gives a point very close to Sattelberger and Fackler's13 

line. 
(18) We have also confirmed that WCI5, the reagent used by Mertis and Wilk

inson,16 is a suitable source of tungsten. When we used a CH3U/WCI5 mole 
ratio of 8/1 and maintained the temperature < —20°, we obtained 
W2Me8-*4/~ compounds; Mertis and Wilkinson use an 8/1 ratio. 

(19) Setting angles for 15 strong reflections (20 ~ 20°) were used to calculate 
the lattice parameters (Mo Ka, X 0.710 73 A; - 55 (3) 0C) a = 11.403 (8), 
and c = 11.969 (5) A of the tetragonal cell. Based on a crystal composition 
of Li4W2CI4(CH3)4-4C4H80, a density of 1.89 g c m - 3 is calculated when 
Z = 2. 

Intensity data were collected using monochromatized Mo Ka radiation 
and 9-26 scans of variable rate (3 to 24°/min depending on reflection in
tensity) and range. The range was varied to account for spectral dispersion, 
and background measurements were made at both limits of each scan. 
An initial examination of the data established the Laue group to be Almmm. 
Because the crystal was under mineral oil we were unable to measure the 
crystal faces accurately and no absorption correction was applied. Three 
standard reflections monitored throughout the diffraction experiment were 
stable. 

(20) The systematic absence of significant intensity for reflections of the type 
WcO, h + k = 2n + 1, suggested (uniquely) the space group, PAInmm. The 
Patterson map allowed placement of two independent tungsten atoms in 
special positions 2(c); refinement of their positions with assigned isotropic 
thermal parameters of 2.1 A2 led to A1 = 0.22. So long as space group 
PA/nmm was used, difference Fourier maps were uninterpretable. Nev
ertheless, by employing a disordered model which turned out to a super
position of half-weighted mirror-images of the correct idealized W2Xa4" 
unit, it was possible to obtain by refinement a model for which R1 = 0.10. 
These difficulties vanished when one image was placed in the correct space 
group, P42)2, and a Li atom and a tetrahydrofuran molecule were found 
in a difference map. 

(21) Thermal instability precludes combustion analysis. Determinations of CH3 
(by CH4 evolution), Cl (as AgCI), and W (as WO3), performed on the crys
talline substances, satisfied the relation (CH3 + Cl)/W = 4 with the CH3/CI 
ratio varying from one preparation to another within the limits 2.8 to 
4.6. 

(22) This work was supported financially by the National Science Foundation 
under Grant No. GP33142X. We thank Drs. John KoIb and Larry W. Shive 
for their interest and assistance in the earlier stages of the work. 
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M-AlIene-bis(cycIopentadienyl)tetracarbonyI-
dimolybdenum; a Bridging Allene Ligand 

Sir: 

There is a current belief that transition metal cluster 
chemistry could lead to a new era in homogeneous hydrocarbon 
catalysis.1 The reactivity of metal-to-metal bonds and the 
synthesis of new cluster compounds are clearly two topics re
quiring study if such aspirations are to be realized. Bimetallic 
compounds containing metal-to-metal multiple bonds2 will 
surely occupy a unique position in this field of chemistry. They 
are the smallest examples of unsaturated metal cluster com
pounds and provide building blocks for the systematic synthesis 
of new cluster compounds. We have previously shown that an 
extensive coordination chemistry surrounds metal-to-metal 
triple bonds in the chemistry of molybdenum37 and tung
sten.8" '6 Others have shown'7 that acetylenes, but not olefins,'8 

add across metal-to-metal triple bonds, although the same 
products can be obtained directly by reaction of the acetylenes 
with Cp2Mo2(CO)6 without isolating the presumed 
Cp2Mo2(CO)4 intermediates.19 The structure of a represen
tative product, Cp2Mo2(CO)4(M-EtCCEt), has been deter
mined; the length of the Mo-Mo single bond is 2.977 (1) A.20 

We now report the preparation and characterization of 
Cp2Mo2(CO)4(allene) from the reaction between allene and 
the M-M triple-bonded compound Cp2Mo2(CO)4,

17 thus 
providing the first instance in which an allene molecule, acting 
as a four-electron donor, bridges two directly bonded metal 
atoms.21 

1261 

Figure 1. The molecular structure of Cp2Mo2(CO)4(allene). Atoms are 
represented by thermal ellipsoids enclosing 50% of their electron densi
ty-

Addition of allene (1 equiv) to hydrocarbon solutions of 
Cp2Mo2(CO)4 leads to a deep red solution and the formation 
(~10% yield) of a microcrystalline orange precipitate.23 Deep 
red crystals of Cp2Mo2(CO)4(allene) were the only product 
isolated from the solution. Mass spectrum (120 0C): parent 
ion, Cp2Mo2(CO)4(C3H4)+, strong; Cp2Mo2(CO)2C3H4

+; 
Cp2Mo2C3H4

+. IR (cm-1): 1995, 1960, 1915, 1860, 1830; 
these bands must be due to vco and ^c=C but unequivocal 
assignment must await study of 13C-labeled samples. 

The crystal structure24 was determined giving the molecular 
configuration shown in Figure 1. Some important dimensions 
are: Mo(l)-Mo(2), 3.117 (1) A; Mo(I)-C(15), 2.23 (2) A; 
Mo(l)-C(16), 2.11 (1) A; Mo(2)-C(17), 2.23 (2) A; Mo(2)-
-C(16), 2.13 (1) A; C(15)-C(16), 1.44 (2) A; C(16)-C(17), 
1.41 (1) A; /C(15)-C(16)-C(17), 146 (I)0 , where C(15)~ 
C(16)-(17) constitute the skeleton of the allene ligand. The 
M-to-C(terminal) distances are ca. 0.10 A longer than M-
to-C(central) distances as in other allene complexes.22 The 
entire Mo(l)-Mo(2)-C(15)~C(16)-C(17) configuration is 
consistent with each of the two virtually orthogonal ethylenic 
portions of C3H4 interacting with one metal atom. The entire 
molecule has approximately C2 symmetry, with the C2 axis 
passing through C(16) and the mid-point of the Mo(l)-Mo(2) 
bond. The longer Mo-Mo bond here compared to 
Cp2Mo2(CO)4(EtCCEt) is consistent with the use of a 
three-carbon chain rather than the two-carbon acetylene to 
bridge the metal atoms. The Mo-C-O chains are all a little 
bent, presumably due to intramolecular crowding (angles of 
164° to 176°), but the longer Mo-Mo distance mitigates 
crowding and there is no semibridging CO ligand as in 
Cp2Mo2(CO)4(EtCCEt). 

NMR spectra (benzene-*^, 40 0C, 5 values in parts per 
million downfield from Me4Si) are consistent with the same 
structure in solution. These spectra are unchanged by raising 
the temperature to 80 0C or by addition of allene to the solu
tions. The 1H spectrum: 4.54, singlet, 10 H; 3.67, triplet, 2 H; 
2.52, triplet, 2 H. The triplets are not of 1:2:1 relative intensities 
and can be assigned to a "deceptively simple" AA'BB' multi-
plet,25 consistent with the C2 molecular symmetry. 
The 13C[1H] spectrum consists of five singlets: 237, 2 C, and 
233, 2 C (carbonyl carbon atoms); 196,1 C (central allenic C); 
93, 10 C (Cp rings); 36, 2 C (terminal allenic Cs). Without 
1 H-decoupling the terminal allenic signal became four equally 
intense lines, assignable to the X portion of an X2AA'BB' 
spectrum, with JAX * -̂ BX * 160 Hz, indicative26 of ap
proximately sp2 hybridization at C. 
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Reactions of Methylphenylcarbene and Phenylcarbene 
in Isobutene Matrices: Origins of the 
"Insertion" Products 

Sir: 

Phenylcarbene reacts with frozen cw-butene matrices (—196 
0C) to yield olefins which apparently arise by abstraction-
recombination reactions of the triplet carbene.1 These obser
vations, characterized as "most remarkable",2 have led us to 
examine reactions of the title carbenes with isobutene matrices. 
Not only has our earlier finding of matrix-fostered olefin for
mation been confirmed, but using (CH3J2C=13CH2 matrices, 
we have obtained an even more remarkable glimpse into the 
origins of the olefins. 

Equation 1 and Table I summarize the products from pho-
tolytically generated PhCCH3 and isobutene.4 Photolyses (6-8 

N, 

C6H5CCH3 
/w 

CRH5CCH3 
> 

(10% Et2O) 
C6H5CH2CH3 

1 

C6H 
+ C6H5CH=CH2 + 

C6H5, 

(i) 
CH2 O 

" \ <3) Il Il 

^CHCH2CCH3 + C6H5CCH3 (1) 

CH3 5 

h) were conducted in Pyrex tubes at 3000 A, using the proce
dures described in ref. 1. Isobutene was degassed, and residual 
diazoalkane was destroyed with maleic anhydride. 5 Products 
2 - 5 were identified by G C (18 ft X 0.25 in. 15% Carbowax 
2OM column, 160 0 C ) comparisons with authent ic samples, 
and by G C - M S techniques. Ethylbenzene was identified by 
N M R . The identity of 4 was substantiated by G C comparisons 
with authent ic 4 on three different 100 ft Golay columns 
(Apeizon-L, SF-96, Carbowax K-1540, all a t 130 0 C ) . Prod
ucts were stable to all photolytic conditions. Authent ic 3 was 
prepared from l-bromo-l-phenyl-2,2-dimethylcyclopropane6 

with methyl iodide and methyll i thium.7 To prepare 2-
methyl-4-phenyl- l-pentene (4) , 8 3-phenylbutanoic acid was 
converted to 4-phenyl-2-pentanone with methyll i thium, and 
the ketone was t reated with tr iphenylphosphonium methyl-
ide. 

1-Phenyldiazoethane was photolyzed in a matrix ( - 1 9 6 0 C ) 
of ( C H 3 ) 2 C = 1 3 C H 2 , 9 to clarify the origin of 4. 1 3C N M R 
analysis of unlabeled 4 revealed resonances for C ( I ) and C(3) 
at 5 (CDCl 3 , Me4Si) 112.0 and 37.8, respectively.11 In the 1 3C 
N M R spectrum of product 4 derived from the labeled isobu
tene matr ix, the signal of C(3) was prominent; calculations 
indicated that > 9 6 % of the 1 3C label was at C(3) . 

A parallel series of experiments was carried out with 
phenylcarbene, generated from phenyldiazomethane,1 '5 eq 2. 
In isobutene solutions (0 0 C , - 1 2 0 0 C ) , addition product 6 5 

C6H5CH=N2 -^* C6H5CH — * 

C6H, 

(D 
CH2 

(3) Il 

+ C6H5CH2CH2CCH3 + C6H5CH=O (2) 

7 8 
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