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Summary

The reaction of nonacarbonyldiiron with 1,3-conjugated dienes is promoted
by ultrasound and has been shown to give high yields of the corresponding
n*-(diene)tricarbonyliron complexes. In addition, 3-chloro-2-chloromethyl-
prop-l-ene reacts with nonacarbonyldiiron in the presence of ultrasound to give
a quantitative yield of the trimethylenemethanetricarbonyliron complex.

Recent investigations into the properties of n-(diene)tricarbonyliron com-
plexes have begun to demonstrate their potential for use as synthetic inter-
mediates [1]. Their interesting chemistry and the number of methods available
for ready removal of the tricarbonyliron moiety [2, 3] has led to their exploi-
tation as both protecting and stabilising groups for conjugated dienes. However,
the major stumbling block to their general acceptance lies in the problems
encountered in their preparation.

The sensitivity of both products and starting materials to aerial oxidation
dictates that reactions must be carried out under inert atmospheres. Many
examples of the reaction of dienes with carbonyliron species under the in-
fluence of heat or ultraviolet radiation have been published [2, 4]. The most
commonly employed procedure involves heating the diene with pentacarbonyl-
iron in a high boiling inert solvent, such as di-n-butyl ether, for long periods of
time. Sensitivity of the product to peroxides present in these solvents often
requires that the solvent be filtered through basic alumina immediately prior to
use. However, despite all these precautions, yields of the diene complexes are
seldom better than low to moderate [5] which therefore constitutes a major
barrier to their general acceptance as synthetic intermediates. This is especially
true where the demands of modern organic synthesis impose extremely high
competitive standards. Similarly, the chemistry of trimethylenemethanetricar-
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bonylircn complexes remains unexplored despite the elegant use that Trost et
al. [6] have made of the analogous palladium complexes.

Here we report a convenient high yielding method for the synthesis of both
trimethylenemethanetricarbonyliron and a variety of n%-(diene)tricarbonyliron
complexes as a result of the exposure of a mixture of the substrate and nona-
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carbonyldiiron to ultrasound (Scheme 1)*. This method has also previously
found application in the preparation of ferrilactone complexes from vinyl
epoxides [7].

Preparation of n*(diene)tricarbonlyliron complexes

Nonacarbonyldiiron (1.1 eq) was added to a solution of the relevant diene
(see Table 1) in benzene and the mixture sonolysed for 1 h, or until all the
solid carbonyl had disappeared. Concentration of the reaction mixture and
column chromatography of the residue on silica (40/60° petroleum ether /diethyl
ether gradient) separated the required complex from any inorganic species. Yields in
these reactions were essentially quantitative and limited solely by the volatility
of the product.

The method was applied to a variety of dienes and the yields were con-
sistently higher than previous literature preparatlons despite the fact that no
attempt was made at optimisation.

The reaction with pseudionone (1) is of interest in that after 1 h it was pos-
sible to isolate a 75% yield of the kinetic product 2 which, on further exposure
to ultrasound, isomerised to give a 1/2 ratio of the kinetic 2 and thermo-
dynamic products 3, Scheme 2. Storing the 3,5-diene complex 2 overnight at
~20°C resulted in almost complete conversion to the 5,9-diene complex 3.
Hence, variation of the reaction time allows access to good yields of both
isomers selectively. This was not possible by other conventional methods. The
reaction of §-ionone (4) with Fe,(CQ), gave a 4/1 mixture of the endo to
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* In our previous paper ref. 7a we incorrectly reported that dienes failed to react with Fe,(CO), under
ultrasonic conditions.
All sonolysis reactions were carried out in a Semat 80W 50K Hz ultrasonic bath.
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exo diene complexes 5 and 6 (Scheme 3) in contrast to Cais and Maoz [8] who
obtained a 3/1 ratio in favour of the exo isomer 6 via the thermal reaction of
g-ionone with Fe(CO);. However, it should also be noted that the combined
overall yield of this reaction was only 21%.

Preparation of trimethylenemethanetricarbonyliron

Equimolar amounts of nonacarbonyldiiron and 3-chloro-2-chloromethyl-
prop-1-ene (7) were sonolysed together in 30/40° petroleum ether for 1 h.
Careful concentration of the solution and Kugelrohr distillation of the residue
gave a remarkable 90% yield of the desired product 8 (Scheme 3). The previous
best recorded yield was a meagre 30% described by Emerson et al. [9].
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In conclusion, having demonstrated the ease with which high yields of these
complexes can now be obtained, we hope that this will promote increased use
of such species as synthetic intermediates.

We acknowledge the support for this work from the SERC through CASE
awards (CMRL Beecham Pharmaceuticals Ltd and ADW B.P. plc).
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