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Electrophilic Substitution Reactions of Co-ordinated Cyclo-octatetraene

By B. F. G. JounsoN, J. LEwis,* A. W. Parxins, and G. L. P. RaANDALL
(Department of Chemistry, University College, London, W.C.1)

Cvcro-oCTATETRAENE does not readily undergo electro-
philic substitution reactions employing the usual organic
methods, and substituted derivatives are in general prepared
by indirect means (see, e.g., ref. 1). It is now well estab-
lished that the reactivity of olefins is modified on co-ordina-
tion to metal-containing units (see, e.g., ref. 2). This led
us to examine the reactivity of cyclo-octatetraene co-
ordinated to iron tricarbonyl.

Cyclo-octatetraeneiron tricarbonyl (I) reacted with
phosphorus oxychloride in dimethylformamide, and a red
solid was isolated (60%,), C;,HgO,Fe (II). Thei.r. spectrum
(CCl,) showed absorptions due to CO stretching vibrations
of both co-ordinated carbonyl (2060s, 2000s, and 1988s
cm. 1) and aldehyde group (1680 cm.—%). Elemental analysis
was satisfactory, and the molecular weight of the complex
was cetermined from the mass spectrum. The n.m.r.
spectrum (100 Mc. /sec. in CS, with Me,Siasinternal standard
at 30°) showed a singlet at + 0-72, a doublet at r 391, a
complax multiplet centred at T 4-66 and a triplet at 7 5-62.
The signals at r 3-91 and 7 5-62 showed some fine structure.
This spectrum is temperature dependent, and dependence
studies are best interpreted in terms of a fluxional system.

Oxidation with Cet in water—ethanol (1:10) displaced
the iron tricarbonyl unit to give the free aldehyde C,HO
(IX) in good yields. This provides a useful synthetic
method for the production of cyclo-octatetraene derivatives
direct'y from the parent hydrocarbon. In the mass
spectrum of this aldehyde an intense molecular ion m/e 132
and an ion m/e 104 corresponding to the loss of a CO group
were observed, together with the appropriate metastable
peak at m/e 82. Other peaks corresponding to the frag-
mentation of a cyclo-octatetraene unit were also present.

Recuction of (II) with sodium borohydride in ethanol
gave the alcohol C,,H,,0,Fe (III) in 80%, yield. The mass
spectrum showed a molecular ion m/e 274 and the ir.
spectrum confirmed the presence of an alcoholic OH group.
When (II}) was reacted with methyl Grignard reagent, a
secondary alcohol C;;H,,0,Fe (IV) was produced. Both
alcohols (III) and (IV) readily undergo hydroxide-ion
abstrection with hexafluorophosphoric acid to produce the

salts C,H,O,FePF, (VI) and C,3H,,0,FePF, (V), respect-
ively. These undergo nucleophilic addition reactions to
produce a variety of substituted cyclo-octatetraene com-
plexes C;,H,O,YFe (III) where Y = OH, (VII; Y = MeO,
CN, or C;HNO) and Cy,H,,0,Fe (VIII).
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In addition, the co-ordinated cyclo-octatetraene under-
goes acetylation reactions under #ypical Friedel-Crafts
conditions to yield amongst other products mono- and
di-acetyl derivatives C;,H,,0,Fe (X) and C;;H;,0;Fe (XI).
Reduction of (X) with sodium borohydride in ethanol gives
the secondary alcohol (IV). In contrast the Friedel-
Crafts’ reactions of cyclo-octatetraene with acetyl bromide
or propionyl chloride and aluminium trichloride gives a
2—3% yield of o-methyl- or o-ethyl-cinnamaldehyde,
respectively. The main portion of the cyclo-octatetraene
is polymerised under these conditions.?

The electrophilic substitution reactions of cyclo-octa-
tetraeneiron tricarbonyl are obviously related to those of
cyclobutadieneiron tricarbonyl.?
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