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Cycloaddition Reactions of Metal-complexed Fulvenes 
By T. D. TURBITT and W. E. WATTS* 

(School of Pliysical Sciences, New University of Ulster, Coleraine) 

Sumnrary The reaction of ferrocenylcarboniuni ions with 
cyclopentadiene proceeds stereospecifically to give 1 : 1 
cycloaddition products. 

IN recent years, evidence has accumulated to suggest that 
the reaction pathways followed by 7r-hydrocarbons in 
orbital-symmetry-controlled reactions may be diverted 
when the hydrocarbon functions as a ligand to a transition 
nieta1.l In such complexes, mixing of the ligand orbitals 
with those of the metal serves to modify the energy re- 
quirements for pencyclic processes such that reactions may 
be observed which are disfavoured in the metal-free system. 

Accordingly, we have investigated the cycloaddition 
reactions of cationic hydrocarbon-metal complexes and 
report herein preliminary results obtained with ferrocenyl- 
carboiiium ions (1) as substrates. These cations, whose 
electronic structure is a subject of controversy,a may be 
formally represented as metal-complexed fulvenes [cf. 
(la) +-+ (1 b)]. Hydrocarbons of this class normally function 
as 2~ or 4n addends in [4 + 21 cycloadditions (Diels-Alder 
 reaction^)^ although an example of a [6 + 41 process has 
recently been described4 in which 6,6-dimethylfulvene 
apparently acts as a 6~ addend. 

The tertiary carbonium ion (1; R1 = R2 = Me) was 
generated in dichloromethane by abstraction of the hydroxy- 
group from the corresponding alcohol (Fc-CMe,.OH) with 
tripheiiylmethyl tetrafluoroborate and was treated in situ 
with a large excess of cyclopentadiene. Chromatography 
of the product on alumina afforded a compound (m.p. 
1OO--30lo;  ca. 10%) of molecular formula C,,H,,Fe (mass 
spectrum) to which the structure (2 ;  R1 = R2 = Me) is 
assigned on spectroscopic evidence.t The presence of one 
double bond was confirmed by catalytic hydrogenation 
which proceeded with uptake of an equimolar amount of 
hydrogen giving a quantitative yield of the saturated 
product (3) (m.p. 67-68'}. Similarly the secondary cation 
(1 ; R1 = Me, R2 = H) reacted with cyclopentadiene to give 
a single 1 : l  cycloaddition product (2; R1 = Me, R2 = H ) f  
(liquid), while the parent (2; R1 = R2 = H) (liquid), was 
obtained from the reaction of chloromethylferrocene 
(FcCH,Cl) with cyclopentadiene in dichloromethane. The 
last reaction probably involves heterolysis of the weak C-Cl 
bond5 followed by capture of the diene by the intermediate 
primary cation (1; K1 = R2 = H). 

The remaining products from these reactions have not 
yet been characterised but are clearly oligomeric. Although 
the overall stereochemistry of the cycloaddition products 
(2) is still under investigation,$ the formation of a single 1 : 1 
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adduct in each case indicates the operation of a symmetry- 
controlled stereospecific process. These adducts may arise 
by [ti + 41 cycloaddition of the diene to the complexed 
fulvene followed by rapid proton elimination from an 
intermediate a-complex (4). Alternatively, (4) may be 
produced by 1,5-sigrnatropic rearrangement of a spiro- 
intermediate (5) ,  the product of [4 + 21 cycloaddition of the 
diene to the exocyclic fulvene double bond. Further 
research is designed to differentiate between these pathways. 

(Received, March 29th, 1971; Corn. 420.) 

t In ?>articular, the vinylic resonances in the lH n.m.r. spectrum (CDCI,) appear as two clean doublets of doublets centred at T 3.S 
and 4.3 while the methyl groups, which are endo and exo with respect to the iron atom, give rise to sharp singlets a t  T 8-4 (endof and 

; The methyl group is assigned an exo configuration from the appearance of the methyl resonance as a doublet ( J  8 Hz) centred 
a t  7 9.1. 

tj The adducts (2) may exist in two stereoisomeric modifications [each a (&)-racemate] depending upon the location of the iron atom 
with respect to the double bond. 
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