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Introduction 

The reaction of alkynes with octacarbonyldicobalt to form the alkyne- 
I , 

bridged complex (OC)3Co(fl-CzRR’)Co(C0)3 is well known and the kinetics in 
toluene at 25°C were first studied by Tirpack et al. [l] by measurement of car- 
bon monoxide evolution under an atmosphere of carbon monoxide. Rather 
complex kinetic behaviour was observed owing to the high concentrations of 
carbonyl and alkynes that were used but a mechanism was proposed (eqns- 1-3) 
that involved slow production of a reactive form of cobalt carbonyl which could 
either revert to the stable form or undergo competitive bimolecular reaction 
with the alkyne to form the intermediate [CO~(CO)~C~RR’] with evolution of 
one carbon monoxide ligand. The kinetics indicated that this intermediate accu- 
mulated to a significant extent during the reaction. 

cCo2(Co)Pl = cco,(co),* 3 (1) 

[Co&CO)s*] + C,RR’ * [Co,(CO),CzRR’] + CO (2) 

[Co,(CO)&RR’] + (OC),C&L-C,RR’)Cd(C0)3 + CO (3) 

By using lower concentrations of complex Ellgen [Z] found that the rate of for- 
mation of [Co,(CO),(C2RR’)] (&RR = C2Ph2, 1-octyne or 2-octyne) could be 
reduced to such an extent that this intermediate did not accumulate during the 
reaction and simple pseudo-first-order rate plots were obtainable. Ellgen also 
pointed out that the stage at which the first carbon monoxide Iigand was releas- 
ed could, in principle, only be determined by a study of the dependence of the 
rate on [CO]. Thus the rate equations for reactions 1-3 and 4-6 are shown in 
equations ‘2 and 8 and-are not distinguishable in the absence of a [CO]-depen- 
dence study. Equations 7 and 8 are in practice indistinguishable if k_* [CO] /k, 3~ 
1 and this was unfortunately found to be the case. By reverting to conditions 
under which [Co2(C0),C2RR’l had been inferred to accumulate Ellgen was, 
however, able to distinguish the two mechanisms by initial-rate studies and to 
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HOW that the kinetics were consistent with equations 4-6 rather than with equa- 
tions l-3_ 

CCo*(CO),] = [Coz(CO)7] -I- co (4) 

[Co&O),] + &RR = fCo,(CO),C,RR’] (5) 

I C4COhGRR’l* [ (OC),Co~(co),l + co (6) 

k ohs = W,IGRR’l/h + (k-1 k-Jk,)lCO] + kz [&RR’] 1 (71 

k ohs = WdGRR’l/Ck-4ICOl + (k,k-,/k,)[COl + k[GRR’I 3 (8) 

Ungviiry and Mark6 showed at the same time 133 that the rate of evolution 
of carbon monoxide from ecpimolar amounts of I-heptyne and [Coz(CO),] was 
proportional to [alkyne] and inversely proportional to [CO]. They proposed 
reaction 9 as a rapid pm-equilibrium foliowed by the slow, irreversible reaction 
lo- It is not clear why the data are not equally well represented by the mecha- 
nism in equations 4-6 with k+( 1 + k_Jk6) [ CO J > k5 [ C,RH] _ 

[Co,(CO)s] + CzRH * [Co,(CO)&RH] + CO (9) 

[Co&O),GRH] + [(OC),Co(p-C,RH)Co(CO)J + CO PO) 

Indeed EXgen claimed that the data of Tirpak et al. specifically preclude a 
mechanism such as in reactions 9 and 10, and an examination of Ungv&y and 
Mark6’s data shows them to be quite compatible with those of Ellgen under 
comparable conditions. The reactions of [COAX] with alkynes are sufficient- 
ly fast to make IR spectrophotometric studies of the kinetics very difficult, and 
CO-evolution was much easier to follow- This means that the evidence for accu- 
mulation of the intermediate [Co2(CO),C2RR’] is pureIy kinetic and needs sup- 
plementing, for exampIe, by IR studies. 

Reaction of diphenylacetylene with [Co(CO)3P-n-Bu3]2 and 

[(~C),C~~cr-GePh,)(~-CO)C~(CO)31 

We have studied [4] the reaction in decalin of diphenylacetylene with the 
complex ]Co(CO)3P-n-Bu,],. This proceeds sufficiently slowly that it can be fol- 
lowed by IR spectrophotometry and an immediate consequence of this was that 
the initial product was &early characterizable as ~(CO)3Co(~-C,Ph,)C&CO)zPBu3] 
i-e_ one carbon monoxide and one tributylphosphine ligand had been displaced 
rather than two carbon monoxides or two phosphines. The tributylphosphine 
released in the first stage then reacted with this product to form [Bu3P(OC),- 

L 
C&c_2Ph2)Co(CO),PBu3] by a reaction shown [5] to be mixed zero- and first- 
order in [PBu,] - 

The kinetics of the first stage were quite complex and showed that two 
main reaction paths are followed. One (A) involves an increase to a limiting rate 
with increasing [C+PhJ, and another (B) is first-order in [GPh,]. The limiting 
rate by path (A) is substantially reduced by carbon monoxide, and appears also 
to be reduced by the presence of free phosphine. A quantitative study of the 
latter effect is severely limited by the occurrence of direct attack by phospbine 
on [CO(CO)~PBU,], to form more highly-substituted products. The rate data for 
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path (A) showed that reversible dissociation of two ligands (one carbon monox- 
ide and one phosphine) has to occur before attack by the alkyne and subsequent 
formation of the product. The sequence of dissociation is carbon monoxide fol- 
lowed by phosphine. However, the fact that the limiting rate appeared also to 
be reduced by free phosphine indicates that a small contribution from the re- 
verse sequence of dissociation also occurs. The rate of reaction by path (B) is 
also retarded by both carbon monoxide and phosphine but this cannot imply 
that reversible CO or PBu3 dissociation is an initial step since these have already 
been assigned to the kinetically distinct path (A) and are much too slow- The 
data are, however, consistent with highly rever.sibIe formation of an adduct 
[Co,(CO),(PBu,)&Ph,], either as a steady-state intermediate or -h a rapidly 
established pm-equilibrium lying well to the left. This then reversibly loses first 
carbon monoxide and then tributylphosphine before final formation of the 
product. The reverse sequence of dissociation cannot occur to more than a 
small extent. 

We have also studied the kinetics [6] of the reaction 173 of the complex 

[(OC)&(~-GePh,)(~-CO)Co(CO)S] with diphenylacetylene to form [(OC),- 
L ‘ 

Co(p-C2Ph2)Co(CO)s], polymeric (GePh&, and free carbon monoxide. This 
seemed likely to be of interest since the GePh,! bridge is not know-n to be able 
to change rapidly and reversibly into a terminal ligand in the way carbon mon- 
oxide can and this should have a major effect on the choice of reaction paths 
open to the system. The reaction goes smoothly in decalin at convenient rates 
between 50 and 9O”C, is first order in [complex] and [C2Ph2], and is retarded 
by carbon monoxide_ A mechanism that fits the data (eqns. 11-14) involves 
slow, highly reversible, production of a reactive form of the complex followed 
sequentially by reversible addition of diphenylacetylene, reversible loss of car- 
bon monoxide, and irreversible loss of GePh2. An alternative path involving for- 
mation of terminally-bonded GePhr did not accord with the data in some im- 
portant respects. 

[(OC)&(p-GePh&p-CO)Co(CO)J * [complex*] (11) 

[complex*] + C2Ph2 + [complex* - C2Phl] (12) 

[complex* - W’h,] * [ ( complex*-CO)C2Ph2] + CO (13) 

[ ( complex*-CO)C2Ph2] + [(OC),C&-C2Ph2)Co(CO),1 + GePhz (14) 

The nature of the reactive intermediates 

The complex [Cp,(CO)8] seems to need to lose only one carbon monoxide 
ligand before attack by alkynes is possible to form the intermediate [Co,(CO),- 
GRR’], the structure of which is unknown- This is not because kinetically sig- 
nificant amounts of [Co,(CO),] cannot be generated in solution by reversible 
loss of two carbon monoxide ligands since [Co,(CO),] appears to be a probable 
intermediate in the reaction of [CO~(CO)~] to form [Co&CO),,] [ES]. In the re- 
action of [Co(CO),PBu& with diphenylacetylene by one path it is necessary 
for two ligands (one carbon monoxide and one phosphine) to be removed before 



attack by the alkyne can occur- It must be presumed that [COZ(CO)S(PBU&] 
and [Co,(CO)ZBu,] are sterically too bulky for the alkyne to approach closely 
enough but that such approach is possible if [CO~(CO)~PBU,] is formed. This 
intermediate probably has quite a stable planar form with two four-coordinate 
dS cobalt atoms such that essentially simultaneous nucleophilic attack on each 
cobalt by the two orthogonal z-electron pairs of the alkyne can occur if the 
dkyne approaches the plane of the complex with its FC axis perpendicular to 
the Co-Co bond. 

The nature of the [Co2(CO),(PBu,),C2Ph2] adduct involved in the other 
path is again a matter of speculation but a carbonyl-bridged intermediate 
[BuSP(OC)&(p-CO)Co(CO),PBu,] has been proposed [9] for the insertion of 
tin(I1) chloride into the cobaltyobalt bond of [CO(CO)~PBU&, and [Bu,P(OC), 

1 7 
CoOr-CO)Co(CO)z(PBus)C2Ph2] would be a reasonable formulation for the ad- 
duct- This type of intermediate, but with a GePh2 bridge in place of the carbonyl 

bridge, is also suggested for the reaction of [(OC),C&-GePh2)@CO)C&CO)X] 
with diphenylacetylene- This complex has been shown to react with L to form 
[(OC)&o(Cr-GePh2)Co(C0)3L] (L = CO, PPhS, or PBu,) at a rate proportional to 
[L] [IO]_ Highly reversible ring-opening to form [(OC)&o(p-GePh2)Co(co),1 
with subsequent attack by L at the vacant coordination site has been proposed. 
Attack on such an intermediate by diphenylacetylene is also plausible and the 
relative rate parameters for attack by carbon monoxide, phosphines and di- 
phenylacetylene are quite compatible_ The very negative value of AS+ (-163 kJ 
mol-‘) for formation of the transition state in equation 14 is thought to imply 
that [(complex*-CO)C2Ph2] should be formulated as I, which is highly struc- 
tured and which would have a consequently low intrinsic entropy. Although CO- 

dissociation from [(OC),C&-GePhz)~-CO)Cd(C0)3] occurs readily under the 
renditions of this reaction [lo] the product will probably still be in the bridged, 
cluster form and sterically unsuited to attack by diphenylacetylene. [C0&0)~1, 
on the other hand, should be able to exist in the non-bridged form [(OC)&o-Co- 
(CO),] which can more readily form an adduct with an a&me. 

(OC) co’ 
3 \ 

‘COCO) 
C,Ph',, 

3 

Although there are common features in the reaction mechanisms of some 
of these complexes these studies show that reactions that are very similar sto- 
ichiometricahy can follow substantially different paths when relatively small 
modifications are made in the complexes, and that a given complex can react 
by more than one path. This diversity shows both the need for caution in pro- 
posing mech anisms for such reactions wi+hout detailed kinetic studies, and the 
mechanistic versatility that must be the cause of the varied and important chem- 
istry of such systems. 
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