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[C-H ... 0 ]  hydrogen bonding between the aCH- 
bipyridinium hydrogen atoms and the central oxygen 
atoms in the polyether chains will be diminished as a result 
of the catechol units with their less basic oxygen atoms 
being present in the polyether chain of 1. 

Figure 1: The two translational isomers of 2 

The [2]catenane Z4+ exists (Figure 1) as two 
translational isomers, one (2A4+) in which the catechol 
residues are closer to the 'inside' hydroquinol ring and the 
other (2B4+) where they are closer to the 'alongside' 
hydroquinol ring. lH NMR spectroscopy indicates that 
both isomers are present9 in a CD3COCD3 solution of the 
[2]catenane at +25"C. Integration of the two 
distinguishable sets of resonances in the l H  NMR 
spectrum suggests that the ratio of 2A4+:2B4+ is 64:36. 
The resonances for the two isomers were identified by 
comparison of the l H  chemical shifts for 2.4PF6 with 
those of the original [2]catenane3 containing BPP34C10. 
Molecular modelling indicates that in isomer 2A4+, where 
the catechol residues are closer to the 'inside' hydroquinol 
ring, the catechol n-faces are located in close proximity to 
the aromatic protons of the paraxylyl spacers in the 
tetracationic cyclophane, whereas in the isomer 2B4+, two 
of the methylene groups in the tetracationic cyclophane are 
close to the %-faces of the catechol residues. In isomers 
2A4+ and 2B4+, the signals for the aromatic protons of the 
paraxylyl spacers resonate at 6 7.84 and 6 8.04, 
respectively (cf. 6 8.04 in the original [2]catenane3), whilst 
those for the methylene groups resonate at 6 6.04 and 
6 5.90, respectively (cf. 6 6.02 in  the original 
[2]catenane3). At 25OC, the circumrotation of the 
tetracationic cyclophane through the macrocyclic polyether 
of the [2]catenane Z4+ is fast on the lH NMR timescale. 
By contrast, the other circumrotation process - that of the 
macrocyclic polyether passing through the tetracationic 
cyclophane - is slow. However, upon warming up a 
CD3CN solution of 2.4PF6, the signals of the aCH and 
PCH bipyridinium protons, which each resonate as 
overlapping doublets in the 270 MHz lH NMR spectrum 
at room temperature, can be identified as doublets at 6 8.97 
and 6 7.77, respectively. The temperature dependence of 
the H NMR spectrum of 2.4PFgWill be discussed in more 
detail in a subsequent full paper. 

On the basis of the results reported in this 
communication, we can advocate a new approach to 
controlling the structures of certain catenanes with respect 
to the translational isomerism that they exhibit in solution. 
Such control is important in the design and synthesis of 
switchable catenanes and rotaxanes. 
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The cmwn ether 1 has: m/z (FAB+MS) 67 1 [M + K]+, 
655 [M + Nal+ and 632 Fr]+; lH NMR (300.13 MHz, 
CDCl3) 6 6.93 (m, 8H), 6.75 (s, 4H), 6.69 (s, 4H), 4.33 
(t, 4H), 4.19 (m, 4H), 4.13 (t. 4H) and 3.95 (m, 12H); 
13C NMR (75.47 MHz, CDCl3) 6 153.1, 153.1, 149.4, 
148.9, 122.1, 121.6, 115.9, 115.6, 115.5, 114.4,70.1, 
69.7,69.5,68.5,68.2 and 67.3. 
The [2]catenane 2.4PF6 has: m/z (FAB+MS) 1587 

lH NMR (400.14 MHz,  CDQCOCD~) 6 9.45 (d, 5.12H, 
J =  7 Hz, aCH A), 9.39 (d, 2.88H,f= 7 Hz, aCHB), 
8.32 (d, 5.12H, J = 7 Hz, PCH A), 8.27 (d, 2.88H, J = 
7 Hz, PCH B), 8.04 (s, 2.88H, xylyl aromatic B), 7.84 
(s, 5.12H, xylyl aromatic A), 7.38-7.29 (m, 2.88H, 
catechol CH), 7.23-7.04 (m, 5.12H, catechol CH), 6.38 
(s, 2.56H, 'alongside' hydroquinol A), 6.34 (s, 1.44H, 
'alongside' hydroquinol B), 6.04 (s, 5.12H. CH2N A), 
5.90 (s, 2.88H, CH2N B), 4.57 (m, 1.44H. CH20 B), 
4.53 (m, 5.12H, CH20 A), 4.30 (m, 1.44H, CH20 B), 
4.26 (m, 1.44H, CH20 B), 4.09 (m, 2.56H, CH20 A), 
4.01 (m, 2.56H, 'inside' hydroquinol A, 2.56H, CH20 
A, and 1.44H, CH20 B), 3.87 (m, 1.44H, CH20 B), 
3.82 (m, 1.44H. 'inside' hydroquinol B, 2.56H, CH20 
A, and 1.44H, CH20 B) and 3.53 (m, 2.56H, CH20 A); 
13C NMR (100.63 MHz, CD3COCD3) 6 153.5, 153.1, 
151.3, 151.1, 151.0, 149.3, 149.1, 148.8, 147.3, 145.8, 
145.7, 137.7, 131.9, 131.7, 126.6, 126.5, 124.7, 123.0, 
122.9, 122.4, 119.5, 116.5, 116.2, 114.9, 114.7, 114.2, 
113.1,73.3,72.0,71.7,71.1,70.7,69.4,68.8,68.0, 
67.6,66.3,65.9 and 65.5. 
There is no evidence in the H NMR spectrum of 
2.4PFg recorded in CD3COCD3 that the catechol 
residues in the macrocyclic polyether become located 
'inside' the tetracationic cyclophane. Since the 
resonances of their protons (6 7.04-7.38) are shifted to 
lower field when compared with those observed 
(6 6.89-7.00) in 1, the catechol residues are clearly 
located in the deshielding zones of the aromatic units 
present in the tetracationic cyclophane. 

[M-PF6]+, 1442 [M-PFb]' and 1297 [M-~PFs]'; 
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