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Catenanes are compounds composed of interlocking rings resembfing the links of a 
chain, while rotaxanes are characterized by a ring encircling a linear fragment stoppered with 
bulky groups on either end. l These types of compounds are of interest not only from a 
synthetic standpoint but as precursors to molecular level devices2 and topologically 
asymmetric species. 3 

Much of the interest in catenanes stems from the discovery of catenated structures in 
the DNA of some bacteria and viruses.4 These catenane species, known as duplex circular 
DNA consist of interlocked rings and have been isolated in forms such as [2]-catenanes and 
higher homo logs. 5 

There are several different strategies in the synthesis of catenanes. The first catenane 
synthesis, in 1960, was achieved following a statistical threading approach. Wasserman6 
used the acyloin condensation 7 of a 34 carbon diester in the presence of a labeled 34 carbon 
ring. 

1 

A small percentage of the purified acyloin product contained C-D bonds by IR spectroscopy, 
thus proving that a catenane could be formed by this methodology. · 

A second strategy to catenane synthesis is the mobius strip approach, based on a 
molecular ladder, shown schematically below.8 

n-o Cx-==?'<? - C...._-~· C -- 0 ....... 1 __ 0_ 

n-1 &;'CI3- C...._ ____ ~ 

n= 2 (ij§(iJ - c __ o 
Depending on the number of twists the molecular ladder takes before it is closed, the final 
product is two small rings, one large ring, or a [2]-catenane. This methodology was tested by 
Walba in 1982.9 A molecular ladder based on THYME (tetrahydroxymethylethylene) was 
cyclized using NaH in DMF at high dilution. Equimolar amounts of the cylinder (n=O) and 
singly twisted mobius strip (n=l) were isolated. This synthesis, while interesting for 
conjecture, has yet to produce a catenane, presumably due to steric destabilization of the 
doubly twisted mobius strip. 
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Virtually all work on catenanes today is based on the templated approach. to If a ring 
and a thread have a driving force to associate, such as a template, prior to ring closure of the 
thread, catenated structures can be formed with much more predictability and in much higher 
yields. There are currently two types of templates, those based on 1t - 1t interactions, and 
templates based on metal ions. 

The work of l. F. Stoddart pioneered the area of organic templated catenanes and 
rotaxanes.11 The template interaction is based on the fact that 1t-electron rich aromatic rings 
tend stack in a parallel fashion with 1t-electron deficient rings. Therefore, if the substituents 
can be placed on the rings with the proper ·steric and electron-donation requirements, 
catenanes follow easily in high yield.11 The Stoddart group has been able to make some quite 
impressive supramolecular assemblies based on this strategy, such as the molecule, 
Olympiadane, based on the design of the Olympic rings.13 

The other type of templated interaction is based on metal ions, which can arrange 
incoming ligands into predictable geometries.14 Utilizing assorted coordination geometries of 
transition metals, such as square planarl5 or tetrahedral,4,16-19 catenane syntheses can be 
designed using ligands with catenation geometry. The best known example of the metal 
template approach is the work of J.P. Sauvage.4,16-19 The Sauvage group relies on the 
tetrahedral coordination of Cu(I) with the ligand 2,9-dianisyl-1,10-phenanthroline as a 
catenane precursor. · 
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Once in the proper catenation geometry, the ligands can then be cyclized at high dilution 
using the diiodide derivative of pentaethyleneglycol to give the corresponding catenane.17 

The catenand, or catenane·ligand, stabilizes the Cu(I) to electrochemical reduction and 
slows the rate demetallation with CN-.18 This "catenand effect" can be taken advantage of to 
stabilize metal ions which prefer a tetrahedral geometry .19 Since aromatic nitrogen ligands 
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are known to stabilize low oxidation states,20 a catenand containing a derivative of 1,10-
phenanthroline should ~ expected to stabilize low oxidation state metal ions which prefer a 
tet!rahedral geometry. One example of this stabilization is the isolation of a Ni(I) catenane.19 
The Cu catenane is demetallated with CN- giving free ligand, which is added to a solution of 
Ni(H20)6(N03)2 . The resulting Ni(II) complex is reduced electrochemic"ally to give a Ni(I) 
species. The Ni(I) catenane takes several days to be reoxidized by oxygen saturated CH2C}i, 
whereas a Ni(I) phenanthroline is oxidized by air in minutes, further evidence of the catenand 
effect. 

Overall, the templated synthesis of catenanes is far superior to other synthetic 
strategies due to the preassociation of the two rings to be linked)l,17 This association helps to 
dramatically increase yields and predictability of the synthetic method. 
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