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Alkyne-bridged dinuclear transition metal com- 
plexes usually show the alkyne ligand orthogonal to 
the metal-metal bond vector [ 11, thus forming tetra- 
hedrane CaMa core structures. In a less common type 
of structure, the alkyne and metal-metal vectors are 
parallel [2]. Hoffmann et al. [la] have studied the 
theoretical aspects of bonding in both forms. In 
this note, we report the synthesis and spectroscopic 
characterization of several [(RCaR’)CoMn(CO),] 
complexes, obtained via the reaction of 
[CoMn(CO)s] [3] with the internal alkynes CaHsC- 
CCaHs, &HsC-CCHs, CH3CXC6H5 and C6H5C= 
CC6H5. 

The soluble [(RC2R’)CoMn(CO),] complexes 
were readily prepared by refluxing a hexane solution 
of [CoMn(CO)s] containing a slight excess of the 
alkyne [l] . The facility of CO substitution in [CoMn- 
(CO),] is comparable to that in [Co,(CO)s] [4], 
for which an extensive alkyne chemistry is known 
[4, 51. In contrast, however, the dinuclear species 
PhWhl 161 and Pedc%l [71 apparently 
do not afford simple alkyne derivatives. Extended 
heating of solutions of [(RCaR’)CoMn(CO),] gave 
rise to u(C0) bands corresponding to [(R&R’)- 
Co,(CO),] derivatives, formed at the expense of 
[(RC2R’)CoMn(CO),]. The latter products were 
difficult to obtain pure because of facile decomposi- 
tion into [(RCaR’)Co,(CO),] and other unidentified 
products. By using silica-gel chromatography, satis- 
factory samples of [(RCaR’)CoMn(CO),] (I, R = 
R’ = C,H,; II, R = C2H,, R’ = CHs; III, R = CHs, 
R’ = C,H,; IV, R = R’ = C6Hs) were obtained and 
characterized as described below.* 

The compounds I-IV are low melting, orange, 
waxy solids or viscous oils. They are stable at ambient 
temperature in non-polar, hydrocarbon solvents, 
but decompose in halogenated solvents, and in polar 
solvents. In the latter case, one of the main products 
is [(RCaR’)Co,(CO),] . The mass spectra of I-IV 
showed a weak molecular ion in all cases, together 
with fragments corresponding to the sequential loss 
of seven CO groups. The base peak for I, II and IV 
was [CoMn(RCaR’)]‘, while for III the strongest 
signal corresponded to [Co(C6HsCLHs)]‘. The 

Wn(RGR’)I + ion was notably absent in all cases 
except for its weak appearance in the mass spectrum 
of I. 

The infrared spectra (v(C0) region) of I-IV 
showed a characteristic pattern of six carbonyl 
absorptions, reflecting the low symmetry of the 
essentially CrCo(CO)a and Mn(C0)4 metallocarbonyl 
units. 

The ‘H nmr spectra of compounds I-IV were 
consistent with the given formulations. In I and 
II, two broad resonances were observed for the 
methylene protons. These two signals collapsed to 
an AB quartet upon decoupling the CHa protons. 
The inequivalence of the methylenic protons is 
consistent for a tetrahedrane [CoMnCz] core 
structure which must also be rigid on the nmr time 
scale at room temperature. At higher temperatures, 
spectral resolution was lost due to formation of para- 
magnetic species. 

The 13C nmr spectra of I-IV showed two broad 
absorptions for the carbonyl resonances at room 
temperature. These signals became progressively 
sharper as the temperature was lowered. The lower 
field absorption, assigned to the Mn(C0)4 moiety 
by comparison with literature data [8], was ulti- 
mately resolved in several signals - three for com- 
pounds I and IV, and four for compounds II and 
III. The higher field signal, due to the Co(CO)s 
moiety, sharpened to a singlet on cooling in all cases, 
but was not resolved further even at 213 K. Thus, 
carbonyl exchange at the pseudo five-coordinate 
cobalt atom is facile even at low temperature. It 
seems likely, by comparison with the published 
studies of CO exchange in [Co,(CO),(PR3)(alkyne)J 
complexes [9] that the carbonyl exchanges 

*Typically, syntheses of compounds I-IV were done on 
a 0.5-1.0 millimolar scale, using Schlenk apparatus and a 
dry, de-oxygenated Na atmosphere. The progress of reactions 
was followed by monitoring the decay of the 2115 cm-’ 
band @(CO) of CoMn(CO)r,) and the growth of bands at 
2082-6 and 1960-2 cm-’ due to [(RCaR’)CoMn(CO),]. 
The following spectroscopic data were recorded: [(CzHs- 
CzCzHs)CoMn(C0)7], I, P 392; v(C0) 2082 m, 2034 vs, 
2011 vs, 2005 vs, 1981 m, 1960 s; 13C nmr, 92.6 (alkyne 
C’S), 223.8, 221.9, 215.2, 203.4 (carbonylgroups, at 213 K). 
[(CaHsC2CHs)CoMn(C0)7], II, P 378;v(CO) 2083 m, 2035 
vs, 2013 vs, 2006 s, 1982 m, 1961 m; 13C 92.0, 89.1 (alkyne 
C’s), 223.5, 221.7, 221.4, 214.6, 202.7 (carbonyl groups, 
at 213 K). [(CsHsCaCHs)CoMn(CO)7] III, P 426; u(C;y) 
2085 m, 2040 vs, 2016 vs, 2011 vs, 1987 m, 1962 s; C 
88.6, 87.5 (alkyne C’s), 223.3, 221.5, 220.4, 214.1, 202.2 
(carbonyl groups, at 213 K). [(CsHsCzCeHs)CoMn(CO)7], 
IV, P 488; v(C0) 2086 m, 2043 vs, 2017 vs, 2014 vs, 1994 w, 
1961 m; 13C 90.7 (alkyne C s), 222.7, 219.6, 214.2, 201.7 
(carbonyl groups, at 213 K). 
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described above for [(RC2R’)CoMn(CO),] systems 
are also intramolecular and localized at the individual 
metal centers. Thus, the observed signal broadening 
of the 13C signals at temperatures above 213 K may 
be attributed to quadrupolar coupling with the Mn 
(I = S/2) and Co (I = 7/2) nuclei, rather than to ex- 
change between the two different metal centers. This 
conclusion was corroborated by observing the 170 
nmr spectrum of [(C2HSC2C2H5)CoMn(CO)7] (I) 
in hexane. The spectrum consisted of a sharp signal 
for the COG (rapid exchange), and a broad signal, 
at slightly lower field, for the Mn(C0)4 group. For 
the latter group, the 170 signal broadening is 
evidently due to the relatively slower rate of 
exchange of the carbonyl groups. Both [Mnz(CO),,] 
and [Co,(CO)s] have been reported to give sharp 
170 nmr signals, indicating that quadrupolar broaden- 
ing effects are minimal at these remote nmr-active 
centers [ lo] . 
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