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The generation of organometallic intermediates via 
photolysis and the study of their reactivity has 
received significant attention from various groups in 
recent years [l-9]. Such studies could have impor- 
tant applications in the design of homogeneous 
catalytic processes. The mechanistic behaviour of 
such photo-generated intermediates is usually studied 
in terms of concentration and temperature dependen- 
ces of the observed rate constants. Experience has 
shown that the activation parameters (AH’ and aS*) 
usually reveal little mechanistic information, and in 
general much uncertainty exists in the interpretation 
of the AS* data [l-3]. It is our experience that the 
application of pressure as a kinetic parameter can 
reveal very reliable mechanistic information and assist 
the assignment of the underlying reaction mechanism 
[ 10-121. This has also been shown to be the case for 
the reactions of photochemically produced organo- 
metallic transients [13, 141. 

In this paper we have studied the effect of pressure 
on the thermal ring-closure reaction of W(CO)5bpy 
(bpy = 2,2’-bipyridyl) produced as a transient during 
the photolysis of W(CO)e in the presence of bpy in 
toluene [2]. Since this reaction is too fast for con- 
ventional high-pressure techniques, it can be studied 
conveniently by irradiating a freshly mixed sample of 
the reaction components within the observation 
chamber of a high-pressure stopped-flow unit. 
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Experimental 

W(CO)e (Riedel-de-Haen) was further purified by 
sublimation under vacuum. The ligand 2,2’-bipyridyl 
(Aldrich) was used without further purification. 
Toluene (Merck, uvasol) was refluxed over a Na/K 
alloy and distilled under nitrogen. Benzene (Merck, 
uvasol) was refluxed over Na and distilled under 
nitrogen. For some of the experiments the distilled 
benzene was purified further by absorptive filtration 
through Woelm basic alumina of activity grade 1 (ICN 
Pharmaceuticals Co., F.R.G.). Nitrogen used in the 
purging experiments was rigorously purified to 
remove Ha0 and Oa, as described elsewhere [ 11. 

The kinetics of the thermal ring-closure reaction 
was followed with the data-acquisition system [IS] 
of the high-pressure stopped-flow unit [16]. For this 
purpose samples containing the required concentra- 
tions of W(CO)6 and bpy were purged with Na for 
15 min before filling the syringes of the stopped-flow 
unit. Following temperature and pressure equilibra- 
tion, the components were mixed inside the stopped- 
flow unit and irradiated for 20 to 25 s with a 100 W 
Xe lamp through one of the windows in the high- 
pressure cell. The subsequent thermal ring-closure 
reaction was followed immediately after irradiation 
by rapidly connecting the detector light lead to the 
high-pressure cell and triggering the data-acquisition 
system. After completion of the reaction, the mixing 
system of the stopped-flow unit was activated to 
introduce a fresh mixture of reactants into the light 
path. This procedure could be repeated 40 times with 
one load of reagent solutions. The observed 
absorbance time plots at 514 nm (MLCT band of 
W(CO),bpy) exhibited good first-order behaviour for 
at least two to three half-lives of the reaction. 

Results and Discussion 

Irradiation of a mixture of W(CO)6 and bpy rapid- 
ly produces W(CO)sbpy, where bpy is coordinated in 
a monodentate fashion [ 1, 21. This is followed by a 
slow thermal ring-closure reaction leading to the 

W(CO), + bpy 2 W(CO)sbpy + CO (1) 

W(CO),bpy -% W(CO)abpy + CO (2) 

tetracarbonyl complex (characterized by an MLCT 
band at 514 nm) and the release of CO as shown in 
eqn. (2). A typical absorbance time trace and cor- 
responding first-order plot observed during this step 
are shown in Fig. 1. Spectral changes with clean 
isosbestic points for the thermal ring-closure reactions 
of photogenerated W(CO)s(4,4’-Rzbpy) and 
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Fig. 1. A typical kinetic trace and corresponding firstorder 

plot for the ring-closure reaction W(CO)sbpy -+ W(CO)4bpy + 
CO recorded at 50 MPa. For experimental conditions see 

Table 1. 

W(CO)sbpy have been reported [ 1, 21 using FT-IR 
and diode-array spectroscopy. These observations 
lead us to believe that the thermat ring-closure of 
W(CO)sbpy is not complicated by any side or sub- 
sequent reaction and can therefore account for the 
good first-order behaviour observed in Fig. 1. 

In some preliminary experiments, the reaction 
conditions were selected in agreement with those 
adopted by Lees et al. [I]. In benzene as solvent 
and for a specific set of reagents, the ring-closure 
reaction exhibited a meaningful dependence on the 
bipyridyl concentration. This is certainly not in 
accordance with that expected for a simple ring- 
closure reaction, which in principle should be 
independent of the ligand concentration. Possible 
explanations such as the participation of trace impuri- 
ties that produce W(CO)s (impurity) [I, 21 or the 
formation of a bridged complex of the type (CO)sW- 
(p-bpy)W(CO)s as a possible intermediate, especially 

at low bpy concentrations [ 17 J, were considered. In 
later work, however, using fresh samples of all the 
chemicals involved, no significant concentration 
dependence was observed and no further attention 
was paid to this complication. 

The pressure dependence of reaction (2) in 
benzene could only be studied over a limited pressure 
range because of the freezing of benzene at 70 MPa 
and 2.5 “C. The preliminary data indicated a volume 
of activation of -12 cm3 mol-’ over the pressure 
range 5 to 50 MPa for 1: 1 and I: 100 mixtures of 
W(CO), and bpy at a W(CO)6 concentration of 5 X 
low4 M. A more extended set of measurements were 
performed in toluene as solvent. The pressure and 
temperature dependences of this reaction were 
studied at a 1: 15 mixture of W(CO)6 and bpy, the 
results of which are summarized in Table 1. 

The values of AV*, including the preliminary 
value for benzene as solvent, are significantly negative 
to support the operation of an associatively activated 
ring-closure process. The activation enthalpy for this 
step is also significantly lower than that reported for 
the dissociation of CO from hexacarbonyl complexes 
[ 181, which is most probably due to a strong cis- 

labilization effect of the ring-opened bpy ligand, com- 
bined with the latter’s tendency to ring-close. The 
associative nature of the process is further supported 
by the significantly negative AS* value found in this 
study. These results are in excellent agreement with 
data reported recently for the replacezent of the S- 
bonded chelate ligands in Mo(CO)~(S S) [ 191. The 
reported AV* values for the non-stcrically hindered 
chelates vary between -9.3 and -11.3 cm3 mol-‘, 
supporting the associative ligand substitution process. 
Similarly, AY* values of -4.4, -12.2 and -14.9 
were found for the substitution of W(C0)sTHF by 
L, where L = piperidine, PPh3 and P(OEt),, respec- 
tively [14], which support the associative nature of 
the process. 

The results of the present study demonstrate how 
high-pressure stopped-flow and photolysis techniques 
can be combined to obtain mechanistic information 

TABLE 1. Rate and activation parameters for the thermal ring-closure reaction of W(CO)sbpy in toluenea 

Temperature Pressure 
$7 

b AH' AS* AV’ 

(“0 (MPa) (kJ mol-‘) (J K-’ mol-‘) (cm3 mot-‘) 

25 5 0.080 * 0.002 -10.9 + 1.1 

25 0.091 f 0.003 

50 0.105 * 0.003 

15 0.113 f0.002 
100 0.122 f 0.004 

15 5 0.034 2 0.001 5842 -7Of7 

25 0.080 + 0.002 

30 0.126 + 0.004 

35 0.172 + 0.009 

a[W(CO)e] = 2.5 X 1O-3 M; [bpy] = 3.75 x IO-* M. bMean value of at least four kinetic runs. 
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on the substitution behaviour of short-lived inter- 
mediates, i.e. ring-opened species in the present 
investigation. Further studies on the effect of pres- 
sure on other photo-induced thermal ring-closure 
reactions of metal carbonyl complexes are presently 
underway. We are convinced that the mechanistic 
discrimination ability of such AL’* data will assist 
the assignment of the intimate nature of the substitu- 
tion process. 
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