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SUMMARY 

The reaction of ferrocene with acryloyl chloride in methylene chloride at 
-7S” in the presence of aluminium chloride affords [3]ferrocenophan-l-one in 
good yield. At higher temperatures, propanoylferrocene is also formed in addition 
to the bridged ketone. 

INTRODUCTION 

Keteroannularly bridged ferrocenes. the [w] ferroccnophanes, have played 
an important role in the investigation of the physical and chemical properties of the 
ferrocene moIecuIe. In particular. compounds of the [3]ferrocenophane type have 
been used as substrates to study the mechanism of electrophilic substitution’, the 
capacity to stabilize neighbouring electron-deficient centres3, inter- and intra-mole- 
cular electron-transfer processes4, and the conformational properties5 of ferrocene 
and its derivatives. 

Introduction of a three-carbon interannular bridge into the ferrocene mole- 
cule is usually achieved by cyclization of 3-ferrocenylpropanoic acid (FcCH,CH,- 
C02H) to [3]ferrocenophan-l-one (I), most conveniently effected in trifluoroacetic 
anhydride solution although other methods have been used6. Three different syn- 
thetic routes to this acid precursor from readily accessible derivatives (rG.z. FcCHO; 
FcCOMe; FcCH2NMe2) have been described’. Each of these routes involves several 
separate steps, however. and the preparation of the bridged ketone (I) in moderately 
large quantities becomes a time-consuming and somewhat laborious process. In- 
troduction of additional interannular bridges can be accomplished by repetition of 
the sequence of reactions’ with a corresponding increase in the experimental labour 
involved e.g. Rinehart’s synthesis 8b of triply bridged ferrocenes, the [3] [3] [3]ferro- 
cenophanes, from ferrocene requires a sequence of eighteen separate steps. 

In this paper, we describe an experimentally convenient annelation reaction 
v;:tercby an interannular three-carbon bridge can be introduced in one step into the 
ferrocene molecule. 

* For Part XI, see ref. 1. 
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(b). Dry HCl gas was bubbled through a stirred suspension of AlC1, (0.13 g; 
1.0 mmol) in a soln. of acryloylferrocene (0.12 g; 0.5 mmol) in CH&l, (20 ml) for LO 
min. The mixture was then stirred for 5 h and worked up as described under (a). 
The product was chromatographed on preparative thin-layer SiO, plates. Ligroin/ 
ether (3/l) eluted (3-chloropropanoyl)ferrocene (FcCOCH,CH,Cl) (0.125 g ; 90 %) 
which was obtained as an orange solid, rap. 62--63O (lkz2 62.5-63S”), PMR z 5.20, 

5.45 (2t; C,H4 protons), 5.77 (s; C5H5 protons), 6.09, 6.83 (2t; methylene protons). 
Similarly, attempts to induce cyclization of crotonoyl- and cinnamoylferrocene 

by treatment withAlC1, were unsuccessful and the ketones were recovered unchanged. 

Reduction of acryloylferrocene 
Ferrocene (0.37 g ; 2.0 mrnol) and finely ground AXI, (0.2? g ; 2.0 mmol) were 

added to a stirred solution of acryloylferrocene (0.24 g ; 1.0 mmol) in CH,CI, (20 m1). 
The mixture was stirred at room temperature for 1 h and then poured into water. 
The aqueous and organic layers were separated and treated as described below. 

Aqueous Zayer. This was washed with CH&I, and then treated with sufficient 
TiCl, - aq to reduce ferricenium ions present. The solution was extracted with CH&l, 
and the extract washed (H,O), dried (MgS04), and evaporated givihg ferrocene (0.18 
g; 86%). 

Organic layer. This was washed (H,O), dried (MgSO& evaporated to low 
bulk, and chromatographed. Ligroin eluted unchanged ferrocene (0.16 g; 43 % re- 
covery). Ligroin/ether (3/l) eluted propanoylferrocene (0.20 g; 73 %), identical with 
the compound described in a previous experiment_ 

Attempts to effect a similar reduction of crotonoyl- and cinnamoylferrocene 
by ferrocene/AlCl, were unsuccessful and the ketones were recovered unchanged 
from these reactions. 
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