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Communications to the Editor 

Synthesis and Structure of the First Binuclear 
Methylene-Bridged Cobalt Complex, 
Co2(775-Me5Cp)2(M-CH2)(M-CO): A Surprising Role for 
the Lithium Enolate of Acetaldehyde 

Sir: 

The determination of reactivity patterns between small organic 
molecules and organometallic compounds and the extension of 
structural classes of organometallic species are fundamental aspects 
of the search for new homogeneous catalysts. We wish to report 
in this communication a novel reaction between the lithium enolate 
of acetaldehyde (Li+CH2CHO"), lithium pentamethylcyclo-
pentadienide (Li+Me5Cp"), and cobaltous chloride (CoCl2). This 
reaction gives rise to the first reported methylene-bridged binuclear 
cobalt compound, Co2(^-Me5Cp)2(M-CH2)(M-CO), 1. Several 
lines of evidence suggest that the two bridging groups are derived 
from the enolate starting material, raising the possibility of a 
heretofore unknown pattern of reactivity between aldehyde eno-
lates and organo-transition-metal complexes. 

The above results stemmed from an attempt to prepare bis-
(pentamethylcyclopentadienyl)cobalt, via the reaction of lithium 
pentamethylcyclopentadienide (Li+Me5Cp") with anhydrous co­
baltous chloride (CoCl2). A solution of n-butyllithium (10 mL, 
1.65 N in hexane, 16.5 mmol) in 50 mL of tetrahydrofuran (THF) 
was prepared in a He atmosphere. After several minutes at room 
temperature, this solution was added to a THF solution of pen-
tamethylcyclopentadiene (HMe5Cp, 2.44 g, 16.5 mmol). An­
hydrous CoCl2 was then added (0.941 g, 7.2 mmol), and the 
resulting dark brown mixture was refluxed gently for 2 h. Solvent 
was removed under vacuum and the residue extracted with ~ 150 
mL of hexane. After filtration, hexane was removed from the 
deep green-black solution under vacuum until the volume was 
reduced to ~ 10 mL. After several days at -20 0C, 350 mg of 
small blue-black crystals of the M-CH2 compound 1 were recovered 
(22% yield based on CoCl2). The crystals redissolve readily in 
THF or hexane to give extremely air-sensitive deep royal blue 
solutions. 

Analytical studies showed that the crystals were not the desired 
(Me5Cp)2Co.1 Elemental analysis2 and mass spectroscopy3 

suggested a binuclear complex with only one Me5Cp per Co. 
Other spectroscopic information3 included a strong IR band at 
1758 cm"1, which indicated the presence of a bridging carbonyl, 
and an unidentified 1H NMR singlet at 10.68 ppm which was 
subsequently assigned to the bridging methylene group uncovered 
in the X-ray analysis. The structure determination was carried 
out on a single crystal4 grown from hexane, from which 1713 
independent diffracted intensities5 were observed with \F0\ > 2.0o>6 

The compound crystallizes (Z = 2) in the space group P2/c (C2/,
4, 

no. 13)7 with lattice constants a = 9.641 (1), b = 8.591 (1), and 

(1) Subsequent to the initiation of this work, we learned of a recent suc­
cessful synthesis of (Me5Cp)2Co via reduction of [(Me5Cp)2Co]PF6: John L. 
Robbins, private communication. 

(2) Anal. Calcd for Co2C22H32O: C, 61.40; H, 7.50. Found: C, 61.30; 
H, 7.56. 

(3) 1H NMR (benzene-d6) 5 10.68 (s, M-CH2), 1.56 (s, CH3);
 13C NMR 

(benzene-rf6) 6 190.21 (s, M-CH2 or M-CO), 89.52 (s, Me5Cp ring C), 9.29 (s, 
CH3); mass spectrum, M+ 430; a small peak at m/e 444 is attributed to 
Co2(Me5Cp)2(CO)2 which may be a contaminant in solid 1 or may arise from 
decomposition of 1 in the mass spectrometer; IR (KBr, cm"1) 2970, 2915, 2858 
(s, aliphatic C-H), 1758 (s, M-CO); a small shoulder at 1746 may be due to 
traces of Co2(Me5Cp)2(CO)2. 

(4) Data were collected by Molecular Structure Corp., College Station, 
TX. The crystal studied was sealed in a thin-walled capillary under inert 
atmosphere. 

Figure 1. ORTEP drawing of the structure of Co2(r;
5-Me5Cp)2(M-

CH2)(M-CO). 

c= 12.922 (I)A and/3= 106.36 (I)0 with V = 1027.6 A3. The 
final conventional residual was R1 = 0.054, and the weighted 
residual, R2 = [ZHWJi - l^cDVEH^ol2]1'2. was 0.066 with 115 
parameters (14 nonhydrogen atoms and a scale factor) varied in 
the least-squares9 and a data-to-parameter ratio of 14.9:1. The 
final difference Fourier synthesis displayed maximum residual 
densities of ~0.5 e A"3 at positions consistent with methyl and 
methylene hydrogen atoms. 

The perspective view presented in Figure 1 illustrates that 1 
is a binuclear compound containing two pentamethylcyclo-
pentadienylcobalt units linked via a metal-metal bond and two 
bridging ligands: a carbonyl (C6-O6) and a methylene (C7). The 
molecular geometry closely resembles that recently reported12 for 
the di(M-CO) analogue Co2(jj

5-Me5Cp)2(M-CO)2. The metal-metal 
bond distance in 1 is comparable to that found in the di(M-CO) 
analogue [2.320 (1) A vs. 2.38 (2) A]. Both distances are rea-

(5) A group of 2358 independent data were examined by using a 6-26 scan 
with graphite monochromatized Mo Ka (X = 0.71073 A) radiation on an 
Enraf-Nonius CAD4 diffractometer. Intensities were not corrected for ab­
sorption [M(MO Ka) = 1.68 mm"1 with a calculated density of 1.39 g cm"3], 
as several psi scans displayed insignificant fluctuation. Periodically monitored 
check reflections displayed no significant variation in intensity throughout the 
experiment. 

(6) \FA = [(C - ,B)RfLpY'2 and aF = '/2[[R2(C + t2B)/(\F„\Lp)2] + 
(0.05|F0|r)

1/2; C is the total count recorded during the scan, t = 2.0 is the ratio 
of the scanning time to the total background B, R is the scan rate, and L and 
p are the Lorentz and polarization corrections. 

(7) Systematic extinctions (/ = 2« + 1 for AO/) limited the possible space 
groups to either this one or Pc (C1

1, no. 7). The analysis was conducted in 
the centrosymmetric group because attempted refinement of the structure in 
Pc led to differences in lengths of chemically equivalent bonds that did not 
seem warranted by the stereochemistry. Furthermore, the improvement in 
discrepancy factors (R1 = 0.053, R2 = 0.064) realized by this refinement was 
not significant, as adjudged by Hamilton's test.8 

(8) Hamilton, W. C. Acta Crystallogr. 1965, 18, 502. 
(9) The quantity minimized in the full-matrix least-squares analysis was 

Zw(|F0| - |FC|)2, with w set at unity. Anisotropic temperature factors were 
applied to all 14 nonhydrogen atoms. Scattering factors were those of Cromer 
and Mann,10 and the anomalous dispersion correction applied to the cobalt 
form factor was that of Cromer.11 

(10) Cromer, D. T.; Mann, J. B. Acta Crystallogr., Sect. A 1968, 24, 321. 
(11) Cromer, D. T. Acta Crystallogr. 1965, 18, 17. 
(12) Bailey, W. I.; Collins, D. M.; Cotton, F. A.; Baldwin, J. C; Kaska, 

W. C. J. Organomet. Chem. 1979, 165, 373. Ginsburg, R. E.; Cirjak, L. M.; 
Dahl, L. F. J. Chem. Soc, Chem. Commun. 1979, 468. The Co-Co distance 
we quote is from the latter structure, which we consider to be the more reliable 
of the two. 
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sonable for molecules containing a formal double bond between 
the metal atoms, as adjudged by the EAN criteria.13 The bridging 
region of the /U-CH2 compound 1 is planar, as required by the 
presence of a crystallographic twofold axis passing through atoms 
C6, C7, and O6. As can be seen from Figure 1, the Co to ̂ -CH2 

carbon distance is longer than the Co to /x-CO carbon distance 
[1.909 (9) A vs. 1.849 (8) A]. The cobalt to ^-CH2 carbon 
distance in 1 is slightly shorter than the cobalt to bridging al-
kylidene distances [1.951 (6) A, 1.944 (7) A] observed in Co2-
(tj5-C5H5)2(CO)2(/u-CH(C02CH2CH3));14 this is perhaps due to 
the longer formal single Co-Co bond [2.495 (1) A] in the latter 
compound. 

Despite the intense level of interest in alkylidene ligands in 
organometallic chemistry during the last several years,15 com­
pounds containing the simplest bridging alkylidene, /U-CH2, are 
still relatively rare. Single examples have been reported in bi-
nuclear Mn,16 Rh,17 Ru,18 Fe," and Pt20 systems and in a trinuclear 
osmium cluster.21 The binuclear cobalt compound 1 is, however, 
the first such example with cobalt as the metal. Furthermore, 
it is the only such compound with a formal double bond between 
the metals and with a bridging carbonyl. These unique features 
may play a role in the reactions of 1 with species such as CO, H2, 
and alkenes.22 

Having established the structure of 1, we now turn to the 
interesting question of the source of the /U-CH2 and /u-CO ligands. 
The most reasonable source appears to be the lithium enolate of 
acetaldehyde (Li+CH2CHO", LEA) generated via the reaction 
of THF solvent with «-butyllithium. This reaction has been shown 
to cleanly produce ethylene and LEA,23-24 with a t1/2 at 35 0C 
of 10 min.23 Clearly, under the conditions used to prepare 1, some 
enolate would have been present with the Li+Me5Cp" prior to 
addition of CoCl2. In order to test this hypothesis, several reactions 
were carried out. First, Li+Me5Cp" was generated at -78 0C via 
the reaction of HMe5Cp in THF with a stoichiometric amount 
of n-BuLi/hexane solution, thus avoiding the generation of LEA. 
After the mixture was slowly warmed to room temperature, re­
action with 0.5 equiv of anhydrous CoCl2 and workup were carried 
out as before. Only a small amount of brown solid was obtained, 
tentatively identified as the dichloro bridged compound Co2-
(i75-C5Me5)2(Ai-Cl)2, 2.25 In contrast, when the reaction was 
carried out in a similar fashion, except for addition of 0.25 equiv 
of preformed LEA26 in parallel with addition of the CoCl2, the 

(13) Bernal, I.; Korp, J. D.; Reisner, G. M.; Herrmann, W. A. J. Orga-
nomet. Chem. 1977, 139, 321. 

(14) Herrmann, W. A.; Schweizer, I.; Creswick, M.; Bernal, I. / . Orga-
nomet. Chem. 1974, 165, C17. 

(15) Casey, C. P.; Polichnowski, S. W.; Shusterman, A. J.; Jones, C. R. 
/ . Am. Chem. Soc. 1979, 101, 7282, and references therein. Hains, R. J.; 
Leigh, G. Chem. Soc. Rev. 1975, 4, 155. 

(16) Creswick, M.; Bernal, I.; Herrmann, W. J. Organomet. Chem. 1979, 
172, C39. 

(17) Herrmann, W. A.; Kruger, C; Goddard, R.; Bernal, I. Angew Chem., 
Int. Ed. Engl. 1977, 16, 334. 

(18) Anderson, R.; Jones, R. A.; Wilkinson, G.; Hursthouse, M. B.; Ab­
dul-Malik, K. M. J. Chem. Soc, Chem. Commun. 1977, 865. 

(19) Sumner, C. E.; Riley, P. E.; Davis, R. E.; Pettit, R. J. Am. Chem. Soc. 
1980, 102, 1752. 

(20) Brown, M. P.; Fisher, J. R.; Franklin, S. J.; Puddephatt, R. J. J. 
Chem. Soc, Chem. Commun. 1978, 749. Brown, M. P.; Fisher, J. R.; Pud­
dephatt, R. J.; Seddon, K. R. Inorg. Chem. 1979, 18, 2808. 

(21) Calvert, R. B.; Shapley, J. R.; Shults, A. J.; Williams, I. M.; Suib, 
S. L.; Stucky, G. D. / . Am. Chem. Soc 1978, 100, 6240. 

(22) Very little is known at present about reactivity of M-CH2 ligands; 
recent work by Pettit and co-workers has uncovered what promises to be an 
interesting and potentially rich area (see ref 19). Compound 1 of our work 
reacts rapidly with CO, one major product being tentatively identified as 
Co(^-Me5C5)(CO)2. 

(23) Bates, R. B.; Kroposki, L. M.; Potter, D. E. J. Org. Chem. 1972, 37, 
560; tl/2 determined with ~10:1 ratio THF/BuLi. 

(24) Jung, M. E.; Blum, R. B. Tetrahedron Lett. 1977, 43, 3791. 
(25) Crystalline 2 was prepared in moderate yield (22%) by reaction of 

CoCl2 and Li+Me5Cp in a 1:1 ratio, following the same procedure. Mass 
spectrum, m/e 458 (M+, additional peaks show appropriate pattern for two 
chlorines), 229 (base peak, (Me5Cp)CoCl). 

(26) LEA was generated in situ in THF by reaction with the appropriate 
amount of H-BuLi at room temperature for 18 h. The presence of LEA was 
verified by NMR (see ref 23). 

bridging methylene compound 1 was isolated in 10% yield. Similar 
experiments using acetaldehyde directly, instead of LEA, produced 
no identifiable product. Thus, the importance of LEA in the 
formation of 1 seems well established. 

The exact mechanism by which LEA reacts with CoCl2 and 
Li+Me5Cp" remains to be determined. While we assume the first 
step must involve metalation of the enolate, such metalations 
appear not to have been studied to date. This may in part be due 
to the difficulty of obtaining enolates of reactive aldehydes, since 
direct treatment of such aldehydes with base often leads to aldol 
condensation products. In the case of acetaldehyde, generation 
of the enolate via the «-BuLi/THF route23,24 avoids such problems. 
Ready availability of LEA and the demonstration of its in­
volvement in the formation of the novel M-CH2 compound 1 suggest 
that a general investigation of metalation of aldehyde enolates 
should be a fruitful venture. 
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Mo2S4
2 + Core: New Syntheses, New Complexes, and 

Electrochemical Diversity 

Sir: 
Recognition of the importance of sulfide ligation in the het­

erogeneous Mo catalysts used in industrial redox processes1 and 
in the Mo-containing site of the enzyme nitrogenase2 has directed 
increasing attention to the coordination chemistry of sulfido-
molybdenum complexes. Efforts to develop mononuclear, poly-
nuclear, and heteronuclear Mo sulfide entities which serve as 
structural or reactivity models for these catalytic systems have 
led to the synthesis of several novel Mo-3 and Mo-Fe sulfide 
complexes.4 However, progress has been significantly restricted 
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(1978); (d) H. C. Lee and J. B. BuIt, ibid., 49, 320 (1977); (e) F. E. Massoth, 
ibid., 47, 316 (1977); (0 F. E. Massoth and C. L. Kibby, ibid, 47, 300 (1977). 

(2) (a) S. P. Cramer, K. O. Hodgson, W. O. Gillum, and L. E. Mortenson, 
J. Am. Chem. Soc, 100, 3398 (1978); (b) S. P. Cramer, W. O. Gillum, K. 
O. Hodgson, L. E. Mortenson, E. I. Stiefel, J. R. Chisnell, W. E. Brill, and 
V. K. Shah, ibid., 100, 3814 (1978); (c) W. G. Zumft, Eur. J. Biochem., 91, 
345 (1978). 
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