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Abstract 

[Co2(CO)5(/z2,r/4-CPhCHCHCPh)], a new cobaltacyclopentadiene dinuclear compound, was isolated and characterized by 
spectroscopic techniques. The X-ray structure of this compound has been determined. 
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Compounds of the type [C02(CO)6(RC2R')] 1 have 
been prepared by the reaction of a great variety of 
alkynes with octacarbonyldicobalt [1]. These com- 
pounds, including phosphine-substituted derivatives, 
have been extensively studied as stoichiometric and 
catalytic reagents in organic synthesis [2,3]. Complexes 
of the type 1 are very reactive towards alkynes, leading 
to 'fly-over bridge' compounds [Co2(CO)4(RC2Rr)3 ] 3, 
which are the precursors to hindered aromatic com- 
pounds formed by ring closure [2]. The mechanism of 
the formation of the 'fly-over bridge' is not known, but 
it is thought that 1 reacts with one mole of alkyne to 
give a cobaltacyclopentadiene intermediate [Coz(CO) 5- 
(RC2R') 2] 2, which leads to 3 by coupling with a third 
alkyne [2] (see Scheme 1). 

Although compounds of the type 2 have been pro- 
posed as intermediates, to our knowledge they have 
been structurally characterized only for two singular 
alkynes: cyclooctyne [4] and tetramethyldipropargyl-N- 
methylamine [5]. In both cases it has been established 
that the compounds of type 2 react with alkynes to give 
a cyclotrimerisation, supporting the proposal of their 
role as intermediates. 

Given that isoelectronic ferracyclopentadiene com- 
pounds [Fea(CO)6(RCER) 2] are common [6], it is sur- 
prising that the cobaltacyclopentadienes [Coz(CO) 5- 
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(RC2R')2] 2 are so rare. Notwithstanding, some 
mononuclear cobaltacyclopentadienes are known and 
they have been used as a source of homo- and hetero- 
dinuclear metallacyclopentadiene complexes. This is 
the case of the complex [Co(C5Hs)(tr,r/z-C4R4XPPh3)] 
which reacts with [C02(CO) s] in refluxing benzene giv- 
ing the phosphine-substituted cobaltacyclopentadiene 
dinuclear compound [C02(CnRn)(CO)4(PPh3) ] [7]. 

Recently our group reported new methods for the 
synthesis of homo- and hetero-dinuclear alkenyl com- 
pounds from mixtures of metal hydride, alkyne, and 
[Fe2(CO) 9] in which the alkenyl group seemed to be 
formed by alkyne activation of the iron carbonyl [8,9]. 
As an extension of that study we allowed [Fe2(CO) 9] 
plus phenylacetylene in THF to react with a 
[Co(CO)4]-/trifluoroacetic acid mixture at low tem- 
perature. Upon allowing the solution to warm to room 
temperature after 12 h of stirring, we obtained a mix- 
ture of products which was chromatographed in a silica 
column. The first compound isolated was [Coz(CO)6- 
(PhC2H)], and the second band contained a mixture of 
[Fe3(CO)t2] and a new red compound [Co2(CO) 5- 
(PhC2H) 2] 1, which crystallized from hexane (10% 
yield). Compound 1 was fully identified by spec- 
troscopy [10]. Its tH NMR spectrum showed signals at 
6.25 (s, 1H) and 7.48 (br, 5H) ppm. The absence of iron 
in 1 was confirmed by the mass spectrum which dis- 
played the parent ion at m / z  = 462 with the subse- 
quent loss of five CO ligands. The most intense ion 
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Scheme 1. 

detected was [Co2(PhC2H)2] +, and other fragments 
observed included [PhCzH] ~- and [Co2] +. The possibil- 
ity that compound 1 might be a key intermediate 
prompted us to to study its X-ray structure [11]. The 
structure and some important bond lengths and angles 
of 1 are given in Fig. 1. The structure of 1 consists of 
[Co2(CO)5(PhC2H) 2] units and it can be described as a 
cobaltacyclopentadiene fragment -q4-coordinated to 
another cobalt atom. The two cobalt atoms are coordi- 
nated by three and two CO, respectively. The Co(2) 
forms a cobaltacyclopentadiene ring (with Co(2)-C(12): 
1.982(1), Co(2)-C(15): 1.972(1), C(12)-C(13): 1.417(1), 
C(13)-C(14): 1.399(1) and C(14)-C(15): 1.414(1) A) 
which is asymmetrically 7r-bonded to Co(l) (with 
Co(1)-C(12): 2.019(1), Co(1)-C(13): 2.107(1), Co(1)- 
C(14): 2.100(1) and Co(1)-C(15): 2.027(1) A). The C-C 
bonds of the cobaltacyclopentadiene show small differ- 
ences from related structures [4,5], in particular the 
C(13)-C(14) bond, which is shorter. The hydrocarbon 
bridge was formed by a head-to-head coupling of two 
phenylacetylenes, resulting in a 1,4-diphenylbutadiene- 
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Fig. 1. Structure of the compound [Co2(CO)5(/z2,rfl-CPhCHCHCPh)] 
1. Selected bond distances (A) and angles (°): Co(1)-Co(2) 2.503(1), 
Co(1)-C(12) 2.019(3), Co(1)-C(13) 2.107(3), Co(1)-C(14) 2.100(3), 
Co(1)-C(15) 2.027(3), Co(2)-C(12) 1.982(3), Co(2)-C(15) 1.972(3), 
C(12)-C(13) 1.417(4), C(13)-C(14) 1.399(5), C(14)-C(15) 1.414(5), 
C(12)-Co(2)-C(15) 80.8(1), Co(2)-C(12)-C(13) 113.2(2), C(12)- 
C(13)-C(14) 114.34(3), C(13)-C(14)-C(15) 114.2(3), C(14)-C(15)- 
Co(2) 113.9(3), Co(1)-C(15)-Co(2) 77.5(1), Co(1)-C(12)-Co(2) 
77.5(1). 

diyl fragment. In contrast to the 'ferroles', which have 
a semibridging CO, complex 1 has only terminal car- 
bonyls [12]. The Co(2) atom is coordinated by three 
carbonyl with cobalt-carbon distances averaging 1.80 
A, whereas Co(1) is bonded to two carbonyls with 
cobalt-carbon bond lengths of ca. 1.74 A. The Co(1)- 
Co(2) distance is 2.503(1) .&, slightly longer than in 
related compounds and in complexes [ C o 2 ( C O ) 6 ( R C  2- 

R')]. This difference could arise from steric effects of 
the phenyl groups that are linked to C(12) and C(15), 
respectively, which are bonded to both cobalt atoms. 
The formation of compound 1 is unprecedented and, 
to our knowledge, this is the only case of the formation 
of a cobalt carbonyl compound with a 'ferrole' type 
structure, with a simple alkyne. This shows that the 
formation of 1 is possible only in unusual circum- 
stances (reaction conditions or particular alkynes). The 
phenylacetylene dimerisation may arise from the acti- 
vation of the C~-C bond by the iron carbonyl and a 
subsequent coordination to cobalt carbonyl fragments. 
We can not rule out previous formation of a ferracy- 
clopentadiene compound which may have transferred 
the organic ligand to a cobalt carbonyl fragment, al- 
though this has not been confirmed experimentally by 
us. The origin of 1 is under study. 
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17.65 cm - l .  Measurements: Enraf-Nonius CAD4; radiation, 
graphite monochromated Mo-Ka(A = 0.71069 ,~), T =  293 K, 
data collection range 2 < 20 < 50 °, ~o-20 scan, absorption cor- 
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