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Abstract

The rates of alkyl migration for selected members of the series [CpM(CO),R] (M = Fe, Ru, Os; Cp=5°-CsHy; R=CH; to

n-C,3H ;) show dependence on both the alkyl group and the metal.
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Alkyl migration to CO at a metal centre is a funda-
mental step in many important catalytic reactions in-
cluding hydroformylation of alkenes, the Monsanto
acetic acid synthesis and the co-polymerisation of ethy-
lene and CO [1].
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It has also been proposed that this reaction may lead to
the production of oxygenates in the Fischer—Tropsch
process [2]. The closely related process of alkyl migra-
tion to a surface methylene may also be the important
chain growth step in the Fischer—Tropsch process [3].
Although the alkyl migration reaction has been known
for many years, there are fundamental questions still to
be answered: for example, what is the role of the metal
and the supporting ligands [4]? The classic example of
the alkyl migration reaction (also known as CO inser-
tion or migratory insertion) is for [Mn(CO),(CH ;)] [5].

[Mn(CO)5(CH;)] + L — cis-[Mn(CO),L(COCH,)]
ey

This system has been studied extensively but most of
the studies have involved changing the ligand (L), the
solvent or the reaction conditions. Few reports have
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investigated changing the alkyl ligand in [Mn(CO)R].
Recently an extensive series of alkyl complexes of the
type [Mn(CO);R] has been prepared (R =CH, to n-
CsH;;) and the rates of the alkyl migration reaction,
with PPh;,, have been measured and found to depend on
the number of carbon atoms in the alkyl chain as shown
in Fig. 1 [6].

We were now interested to see if this dependence of
rate of alkyl migration on the nature of the alkyl group
would be found in other metal ligand systems. We were
also interested to establish how the rate of alkyl migra-
tion depended on the nature of the metal for three
transition metals in one group in the periodic table. The
type of alkyl compound we selected for these studies
was [CpM(CO),R] (where M = Fe, Ru or Os). We had
previously prepared some Fe and Ru compounds of this
type to use as models for alkyl intermediates in the
Fischer—Tropsch reaction [7]. Previously alkyl migra-
tion studies on [CpFe(CO),R] have been carried out,
mainly for R = CH, [8] but some with other R groups
[9]. We now investigated the reaction

[CpFe(CO),R] + PPh, — [CpFe(CO)(PPh,)(COR)]
(2)

for R =CH,, C,H;, n-C;H,, n-C,Hy, n-C,H 5, n-
CgH,;, n-C,(H,,, n-C,,H,; and n-C,4H,,. The rates
were all measured under pseudo 1st order conditions in
the presence of an excess of PPh, (10 X ) in xylene at
45°C. The results are shown in Fig. 2. The shape of this
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Fig. 1. Plot of the pseudo first order rate constants k versus the

number of carbon atoms in the alkyl chain for the reaction of
[Mn(CO);R] with PPh, [6].

curve (Fig. 2) is very similar to the shape of the curve
we obtained previously (Fig. 1) for the rate of alkyl
migration in [Mn(CO);R] complexes [6]. Thus, com-
plexes [CpFe(CO),R] and [Mn(CO);R] show a similar
dependence of the rate of alkyl migration on the number
of carbon atoms in the linear alkyl group. Thus the
nature of the metal and associated ligands affects the
absolute value of the rates of alkyl migration but the
dependence of the rate on R is a consequence of the
chain length of the alkyl group. This could also pertain
to migration of alkyl groups to other ligands e.g. methy-
lene and may therefore be important for surface reac-
tions in heterogeneous catalysis e.g. the Fischer—Tropsch
reaction.

When we measure the rates of the alkyl migration for
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Fig. 2. Plot of the pseudo first order rate constants k versus the

number of carbon atoms in the alkyl chain for the reaction of
[CpFe(CO),R] with PPh; at 45°C in xylene.
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Fig. 3. Plot of the pseudo first order rate constants k versus the

number of carbon atoms in the alkyl chain for the reaction of
{CpRu(CO),R] with PPh; at 137°C in xylene.

[CpRu(CO),R], a similar trend is again seen (see Fig.
3); although the peak in this case is at C,. Reactions of
some compounds of the type [CpRu(CO),R] with PPh,
had been carried out before [10], however we could find
no reports of any alkyl migration rate measurements for
mononuclear ruthenium alkyl compounds. We have now
investigated the reaction

[CpRu(CO),R] + PPh; — [CpRu(CO)(PPh,)(COR)]
(3)

for R =CH,, C,H;, n-C;H,, n-C,H,, n-C;H,,, n-
C,H,; n-C,H,s and n-CgH;,. The rates were mea-
sured in xylene at 137°C in the presence of excess PPh,
(10 times). The rate constant for the reaction of
[CpFe(CO),(n-C,3H,,)] was also measured at 137°C in
xylene and found to be 1.7 X 1072 s™!, compared to
7.6 X107% s7! for [CpRuCO,(n-C,4H,,)] under simi-
lar conditions. Thus changing the metal from Fe to Ru,
while keeping all the ligands the same, causes a de-
crease in the rate of alkyl migration of about 10°. This
could help to explain why iron catalysts in the Fischer—
Tropsch process produce more oxygenates than ruthe-
nium catalysts [11].

We were then interested to attempt the same alkyl
migration reaction for [CpOs(CO),R] compounds. The

! The compounds [CpOs(CO),R] were prepared by the reaction of
[CpOs(CO),Br] with the appropriate alkyl lithium; satisfactory ele-
mental analyses were obtained for both compounds. For R = CHj;:
white crystals, 80% yield, m.p. 77°C-80°C; IR »(CO) (hexane) 2011
51950 s cm~!; "H NMR (CDCl,) 8 5.36 (s CsHj), & 0.66 (s CH).
For R =CH,CH,CH,CHj;: colourless oil, 42% yield; IR »(CO)
(hexane) 2008 s 1947 s cm ™~ !; "H NMR (CDCl,) & 5.23 (s CsHy), 8
1.82 (m OsCH,), 8 1.53 (m OsCH,CH,), 8 1.23 (m CH,CH,), &
0.86 (t CH,).
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reaction of [CpOs(CO),R] (R = CH, or n-C,H,) ! with
excess PPh, (10 times) was investigated in xylene at
137°C. For both compounds under these conditions
there was no detectable reaction at all, after 4 days for
R = CH, and 6 days for R = n-C,H,. Thus, the rate of
alkyl migration for the osmium alkyls must be at least
10* times slower than for the analogous ruthenium
compound. This compares with an estimated difference
of 10° between similar Rh and Ir alkyls recently ob-
tained by Haynes et al. [12]. Thus the rate of alkyl
migration for the [CpM(CO),R] complexes follows the
order Fe > Ru > Os. This may be a general trend for
alkyl migration in other groups of transition metals in
the periodic table.

Acknowledgements

We thank the University of Cape Town, the Founda-
tion for Research Development, AECI Ltd and SASOL
for their support. We thank Mark Dry and Eric van
Steen for helpful discussions.

References

[1] J.P. Collman, L.S. Hegedus, J.R. Norton and R.G. Finke, Prin-
ciples and Applications of Organotransition Metal Chemistry,
2nd edn., University Science Books, Mill Valley California,
1987.

[2] (a) H. Pichler and H. Schulz, Chem. Ing. Techn., 42 (1970)
1162; (b) V. Ponec, Catal. Rev., 18 (1978) 151.

[3] R.C. Brady and R. Pettit, J. Am. Chem. Soc., 102 (1980) 6181.

[4] A. Yamamoto, J. Organomet. Chem., 300 (1986) 347.

[5] F.A. Cotton and G. Wilkinson, Advanced Inorganic Chemistry,
5th edn, Wiley, New York, 1988, p 1201.

[6] 1.M. Andersen and J.R. Moss, Organometallics, 13 (1994)
5013.

[7] A. Emeran, M.A. Gafoor, J.K.I. Goslett, Y-H. Liao, L. Pimble
and J.R. Moss, J. Organomet. Chem., 405 (1991) 237.

[8] R.H. Magnuson, R. Mierowitz, S. Zulu and W.P. Giering, J.
Am. Chem. Soc., 104 (1982) 5790.

[9] 1.D. Cotton, G.T. Crisp and L. Latif, Inorg. Chim. Acta, 47
(1981) 171.

[10] J.A.S. Howell and A.J. Rowan, J. Chem. Soc., Dalton Trans.,
(1980) 1845.

[11] M.E. Dry in I.R. Anderson and M. Boudart (eds.) Catalysis,
Science and Technology, Springer, (1981) Chap. 4, p 159.

[12] A. Haynes, B.E. Mann, G.E. Morris and P.M. Maitlis, J. Am.
Chem. Soc., 115 (1993) 4093.



