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Real molecules  as models  for mathemat ica l  chemistry 

I. Strategy for a synthesis of macromolecules with catenane 
subunits: A bifunctional catenane 

Enno Logemann 

Chemisches Laboratorium der Univeristiit FreiburglBrsg., Albertstrasse 9, 21, 
D-7800 Freiburg/Brsg., Germany 

A [2]-catenane consisting of methylene groups and two additional acetylated aza 
groups has been synthesized in a multi-step sequence. After splitting off the acetyl 
bonds, the resulting secondary diamine should provide a good starting material for step- 
reaction (condensation or addition, respectively) polymerization. 

The subject matter of  this paper is the synthesis of  a [2]-catenane with two 
acetylated amino groups, which - after deacetylation - should represent a good 
starting material for the directed synthesis of  macromolecular  compounds with 
catenane subunits. 

The most convenient proof for the fact that the rings of  undecomposably 
vaporized catenanes are combined - even in the gas phase - is the mass-spectrometric 
method. The idea that catenanes are stable interlocked molecules and not mixtures 
of  separate rings was not self-evident up to 1967, i.e. when the first mass spectrum 
of  a catenane was published [1]. In the beginning of the sixties at a seminar in 
Freiburg, a participant of  the discussion called in question that catenanes can be 
stable as interlocked rings. He was influenced by the work of  Rutherford at the 
beginning of  this century, the famous scatter experiments of  alpha particles at thin 
leaves of metal and the observed sin4(O/2) distribution of a few alpha particles 
scattered at the atom nuclei of  the metal foil. Rutherford was impressed by the 
results of  these experiments and concluded that materia is as vacant as the universe. 
In contrast, the existence of  interlocked rings in the gas phase proven by mass 
spectrometry can only be explained by the fact that materia can penetrate each other 
only to some extent. 

The basic mass spectrometric predictions confirmed by mass spectra of  [2]- 
catenanes investigated so far (Vetter et al. [1,2]) are 

• the molecular ion peak appears at a mass number which is equal to the sum 
of  the molecular weights of  the catenated macrocyclic compounds; 
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• the peaks corresponding to all those fragment ions of the macrocycles, which 
are formed without opening the rings, are shifted to higher mass numbers in 
the spectrum of the catenane, according to the molecular weight of the catenated 
partner; 

• all those ions, which require opening of  one of  the rings, are registered at the 
same mass numbers as in the the spectra of the isolated macrocycles; 

• the mass spectra of most of the functionalized catenanes investigated so far 
are distinguished by a dominant fragmentation process, which is initiated by 
the interannular transfer of  a hydrogen atom to the functional group. 
Fragmentations caused by initial rupture of one of  the macrocycles are less 
favoured. 

Another striking feature for the fact that catenanes are interlocked tings is the 
crystal structure of these compounds, derived from X-ray analysis [3-6].  

When comparing the 13C NMR spectra, low field shifts of  up to 1 ppm were 
noted in going from the molecular subunits to a [2]-catenane [7, 8]. These shifts can 
be explained by van der Waals interactions between the two subunits. In the 1H 
NMR spectra [7,8], high field as well as low field shifts can be observed, which 
are mainly caused by solvent effects. 

An interesting phenomenon was noted when measuring, on the one hand, the 
carbon-13 longitudinal relaxation times T 1 of medium and large ring cycloalkanes, 
and on the other hand, of a catenane [8,9]. The 7'1 value of the carbons of  the 
methylene groups in a catenated ring is substantially reduced as compared with the 
corresponding value in the pure hydrocarbon. On the other hand, it is still considerably 
higher than in a rigid molecule. This can be taken as evidence that the motions in 
the catenane are restricted with regard to those in the free ring [9]. 

In comparing the infrared spectrum of a [2]-catenane with the infrared spectrum 
of a 1 : 1 mixture of the free molecular subunits, we did not find significant differences 
between these spectra [ 10]. Our infrared spectra of  low molecular weight catenanes 
did not provide any proof for the presumption that the catenane structure could be 
regarded as a diathesis [11]; this means that the catenane structure cannot be 
considered as a characteristic group in infrared spectra. Our experiments with [2]- 
catenanes are in contrast to data published by Karagounis et al. [ 12], who postulated 
that in polymeric catena compounds the process of  the interlocking of tings should 
result in the disappearance of some bands in the infrared spectra and in the formation 
of  new bands which do not occur in the infrared spectra of  the non-interlocked 
rings. 

The existence of interlocked rings in some polymers was already postulated 
by Mark [13], Frisch et al. [14], and Patat and Derst [15] at a time when there was 
no direct evidence for catenanes. According to the fact that monofunctional catenanes 
can be synthesized by directed synthesis [16, 17], we used an analogous method for 
preparation of  a bifunctional catenane with two aza groups in each of the cycles. 
In fig. 1, the most important steps of this reaction sequence are demonstrated. 
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Fig. 1. The main steps of the synthesis of the 
[2]-[N-acetyl-azacyclooctacosanel-[N-acetyl-azacyclohexacosanel-catenane. 
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Up to now, we have isolated a few milligrams of the acetylated diamine: [2]- 
[N-acetyl-azacyclooctacosane]-[N-acetyl-azacyclohexacosane]-catenane. Its structure 
has been proven by mass spectrometry. The mass spectrum has been published [2]. 
The molecular ion peak appears at the mass number m/e 842, which is equal to the 
sum of the masses of the macrocycles (435 + 407). The mass line at m/e 421 is 
associated with the doubly charged molecular ion, as indicated by its isotope peak 
at m/e 421.5. The fragment ions at m/e 436 and m/e 408 are associated with the 
protonated acetylated aza rings. 

It seems obvious that by splitting off the acetyl groups of the catenane as 
described above it should be possible to synthesize macromolecules (type C); see 
fig. 2 depicting catenane subunits according to standard methods of step-reaction 
(condensation or addition, respectively) polymerization [18,19]. 
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