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steady-state concentr 
ecies are interrogated 

if the relevant c 

often overlap. The much sharper 
species, and can be probed either 
at ambient temperature or by FT 

bands often allow for direct 
~~~~vi~u~l species without i 

bau~li~~ [ 1 O] .A mechanism which 
the formation of carbon-carbon bonds via CO 9nigratory insertion” into metal 
alkyl bonds (Eq. ( 1)). The interest in this extensively investigates fuu~a~e~ta~ 

ioln draws in Barge part from its $rqosed roles in various catalytic schemes, 
as methanol ~arbo~y~at~o~ to acetic acid, alkene 

the structure and reactivity of intern 

actions of the prototypes 
have been studied extensively as models for migratory insertion [B- 
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Fig. 1. Possible structures of generated by flash photodissociation of a ligand from an acyl complex. 

given serious attention 

calculations to 

ago& and qwo species [M]. 
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in the solvents studied) or l&and 
esence of a nucleophile L (Eq. (4)). 

PC0 up to 1 atm ([co] ct methyl migration quantum yields 
or rates. Thus recombination with CO does not e ively compete with methyl 
migration, and only the upper limit for kc0 (6 x IO -I s - l in cyclohexane) was 
estimated 135 4. Fe was observed to be more reactive toward better Lewis bases such 
as PRJ, so direct competition of ligand substitution with methyl migration could be 
studied for such ligands. 

A modest solvent dependence on the migration rate constant kM was observed 
(see Table 1). In contrast to the manganese complexes described below, kM is faster 

C than in cyclohexane. A larger (though not pronounced) range of values 
was observed for k,. The 
4 x that in cyclohexane. I were the solvent0 species S, a much greater effect 
might be expected. For exa recombination of Cr(CQ)5 with CO is three 
of magnitude faster in PFMC than in cyclohexane [40]. Thus it is likely that 
a similar structure in both solvents, most likely 
noted above favoring C. In the donor solvents, 
from a solvent-metal interaction is supported b 
The seemingly anomalous differences between k, and kL values in 2- 
in TPPF may be result from steric effects and is under further investigation. 

From the kinetic and spectroscopic evidence described in the preceding sections, 
we have concluded that the solvent0 species S is present in solvents of significant 
donor ability, such as T F, but the q2-acyl structure C dominates in lesser donating 
solvents, such as cyclohexane and PFMC. 

In an earlier study [41] of pressure effects on the relative quantum yieIds of the 
methyl migration and P(O e)3 substitution pathways in n-heptane, it was found 
that higher pressures favor substitution over migration. Although absolute quantum 
yields were not measured, the ratio between the competing processes was used 
to calculate the difference between the activation volumes (A pm -A Vi = 
39 cm3 moi - ‘). This large difference was attributed to the pathways proceeding via 
markedly different mechanisms. For example, the hgand substitution might occur 
associatively via a “ring slip” mechanism (i.e., q5-q3-q5), and the migration 
process via a mechanism having a much more dissociative character.A test of ring 
slip mechanisms is to compare the kinetics of cyclopentadienyl complexes with their 



indenyl analogs, since the latter exhibit enhanced associative ligand s~~stit~t~~~ 
rates (the “indenyl effect”) [42]. kc0 

transient such 

indication that tra 

in which therma 

associative reactions of C~IUI(CO)~ with h3 and P(A~u)~ in tohene, activat’ 
volumes of - 14 and - 17 cmm3 mol-’ w measured [ 45 1. Accordingly, given 

Fig. 2. IR spectral changes at I-ps intervals following 308~nm flash photolysis of 
(Ind )Fe(CO),,COCHJ) (cyclohexane, Ar, 25°C). 

Table 2 
Kinetic studies on CpFe(CO)(COCHJ and (Ind )Fe(CO)(COCH,) with TRIR spectroscopy (cykclo- 
hexane, Ar, 22’C except where noted) 

I L A.&’ (s-l) k’. (M-‘s-l) 

CpFe(CO)(COCH,) 

(Ind)Fe(CO)(COCH,) 

co 5.7 x lo4 <6x IO6 
QO~H3)3 6.1 x w 3.7 x IO6 
PPh, 5.6 x IO4 2.4 x IO6 
co 2.8 x UY <3x106 
P(OCH3)3(27”) 3.6 x IO5 2.0 x TO? 
PPhJ 2.8 x IO5 1.2x 10’ 
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Cmbonyl bands (~co values in cm-‘) for form 308~nm excitation of Ah in various solvents at 
anSent T and at 195 EC: as measured by ER an It, respectively 

Solvent vco 

296 I(” 195 Kb 

Cyclohexane 
Methylcyclohexane 
Dichlorcmethane 

1997, 1959 
1990, 1952, 1607(w) 
1990, 1952 
1987 (br), 1940 (br) 
1984 (br), 1941 (br) 
1981 (br), 1931 (br) 
1984 (br), 1945 (br) 

2083(w), 1998, 1958 

2080(w), 1988, 1941, 1607(w) 

2077(w), 1977, 1928, 1602(w) 

“Ambient Tdata taken from TWR spectra 1100 ms after 308-m flash excitation. 
“Low T data recorded on a spectrometer immediately after excitation, 

Fig. 3. Transient HI spectral changes following 308-m laser flash photolysis of Mn(CO),C 
cyclohexaoe under 10% CO (500-m intervals). 



Table 4 
The react L in cyc~ohexane, 
that of th Sol) analog 

Cyclohexane 
Cyclohexaare 
Cyclohexane 
TNP 

F 

(7.5 + 1.5) x no6 (2.5 3-0.3) x IO9 
(2.3 kO.5) x lo6 
(Mf0.3) x IO6 (l.l+o.2)x no9 
(1.7+&3)x IO3 
6x w 
(6.5& 1.3) x Ed 44.5 sfrO.5) x HCP 
(1.5+0.3)x IO4 

<5x102 

(1.5&0.2)x IO4 
(3.3jgl.3) x lo3 
(6.5fOc7) x ilo3 
(5.3 &0.5) x kw 
(7.3 +0.7) x K-l3 

<5x IO2 8.8&f 



Fig. 4. Free energy profile for kM pathway from 
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Scheme 2 
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