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There has been much recent interest in the chemistry of phanes, which are molecules 
that contain two parallel 7t-systems held in close proximity by bridging chains. The large in
tramolecular cavities of these molecules can be designed to accomodate specific guests. 
Presently, several issues related to super phanes are being investigated, including the distri
bution of strain, the reactivities due to strain, and the effects of through-bond and through
space orbital interactions on the chemistry [l]. 

Dewar's proposal that diphenylhydrazine rearranges in the presence of acid via an in
termediate possessing a 7t-stack interaction sparked the interest in phane formation [2]. 
Hence, the theory that one 7t-system donates electrons to the other during reactions was de
veloped [3-7]. The concept that through-space interactions of two subunits affects the overall 
7t-basicity of the new 7t-system is supported by trends found as a function of bridge length. 
Comparison of the x-basicities of [M2](l,4)cyclophane (where M=2,4,6) supports this theory 
that 1t-basicity decreases as bridge length increases. However, unusual trends are observed 
for bridges containing an odd number of carbons since [32](l,4)cyclophane does not follow 
this trend (3,4]. It proves to be the best 7t-base in the series. 

Cyclic diacetylenes can be considered as super phanes. However, differences in re
activity are seen depending on whether the bridges that connect the two acetylene units have 
an even or odd number of carbon atoms [8,9]. When the bridges have an even number of 
carbons, these cyclic diynes react with CpCo(C0)2 to give an intramolecular 1:1 tricyclic 
adduct. However, when the bridges have an odd number of carbons, new caged super phanes 
Cri4:ri4-[Mdcyclobutadienophane)bis(115-cyclopentadienyl)cobalt (where M=3,5,7) are also 
formed [9-14]. 

1,6-cycloundecadiyne which has a three-membered and a four-membered bridge, re
acts directly with CpCo(C0)2 to give the intramolecular product. No super phane is formed 
[8]. A stepwise synthetic pathway for these cobalt cyclobutadienosuperphane complexes 
where a cycloalkynol is the precursor was used to form the lopsided [32]['42]super phane 
cobalt complex [8]. These results suggest additional interactions in the phane. 

Assignments of the photoelectron spectrum and molecular orbital calculations indi
cate that the in-plane and out-of-plane x-orbitals in the diyne interact with the a-orbitals of 
the bridging carbons (Figure 1). The antibonding in-plane 7t-orbitals are strongly destabilized 
by interactions with cr-antibonding orbitals of their adjacent carbon bridges when the attached 
bridge has an odd number of carbons in its chain [8,9]. 

The destabilizing interaction raises the energy of the HOMO and thus increases the 7t
basicity of the in-plane p-orbitals of the diyne. This type of destabilization is not observed 
when the bridges contain an even number of carbons. These diynes have in-plane n-orbitals 
that are relatively low in energy. Hence, no dimeric superphane product is formed when 
these diynes are added to CpCo(C0)2. This observation may explain the trends of the cyclo
phanes mentioned above. 
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Figure 1. Comparison of the first bands of the PE spectra of 
1,6-cyclodecadiyne and 1,5-cyclooctadiyne. 

Attempts to prepare ferrocene-based superphanes have been unsuccessful with 
trimethylene I 15-20] or pentamethylene bridges [16, 17 ,21,22} but successful with tetram
ethylene bridges [16,17,23,24}. Spectroscopic and structural characterization of 
[4]superferro-cenophane sheds light on other bond effects. The X-ray crystal structure of this 
super phane shows that the Cp <X- carbons are displaced from the plane of the Cp rings (Fig
ure 2). The high energy (403 nm) of the d-d* transition in the UV-vis spectrum indicates that 
the d-p orbital overlap is enhanced due to a decrease in 1t-1t distances and to the inductive 
effects of the electron-donating bridges. 

Figure 2. X-Ray crystal structure of [4]Superferrocenophane. 

Complete hydrogenation of the cyclopentadienyl rings in [4]superferrocenophane [24] 
has not yet been achieved, but could give a caged metal prismane. Chemical oxidators and 
photolyses of cobalt cyclobutadienosuperphane complexes generate bishomoprismane and 
prismane products [8,25]. 
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