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Abstract: A [2]rotaxane consisting of a molecular string threaded into a coordinating ring by means of 
the mmplate effect of copper (I) has been synthesized. The acyclic fragment i n ~ t e s  two different 
chelating sites (bidentate and terdentate ligands) whereas the macroeycle bears a bidentate chelate. Two 
bulky groups have been covalently attached at the ends of the thread. © 1997 Elsevier Science Ltd. 

A [2]rotaxane is a molecular system consisting of a ring threaded by a string, two blocking groups being 

attached at both ends of the string in order to prevent dethreading. 1 Such compounds have been made long 

ago, 1,2 but they have been mostly considered as chemical curiosities. Recently, rotaxanes underwent a real 

revival thanks to the newly developed efficient synthetic procedures which make them relatively easy to make 3-5 

and also because of their electro- and photochemical properties 6-8 or their aptitude to undergo controlled 

molecular motions. 9-10 

We would now like to report the synthesis of a copper (I)-assembled rotaxane (1) whose ring is a 

coordinating macrocycle containing a 1,10-phenanthroline (phen) moiety and whose threaded fragment 

incorporates both a phen unit and a 2,2',6',2"-terpyridine (terpy) coordination site. The particularity of the 

system relies on its potential dual complexing mode towards a metal involving binding of  the phen or terpy 
motif. 

oCOO% 

The synthesis strategy is indicated in Figure 1. A key step is the metal-directed threading process (i) often 

used in the past for making various catenanes and rotaxanes. 11 
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Figure 1 Construction principle: The bidentate chelate (phen, represented by an inverted U) and the 
terdentate unit (terpy, represented by an M) have been incorporated in an acyclic ligand already bearing a 
bulky stopper at one end. The ring contains aphen nucleus. (i) In the threading step, copper (I) (represented 
by a black circle) forces the string to pass through the ring. Since copper (I) has a strong tendency to be 4- 
coordinate, the tln-~ding reaction will selectively lead to the precursor represented. (ii) The blocking reaction 
will be done by attaching a voluminous group at the second end of the coordinating string. 

The organic molecules used a precursors as well as the string, the ring and the threaded compounds are 

represented in Figure 2.4-[tris(4-tert-butylphenyl)methyl]pheno112 6 was chosen as blocking group since it is 

large enough to prevent dethreading of the 30-membered macrocycle 12. 5,5'-Dimethyl-2,2',6',2"-terpyridine 

2 13 was deprotonated with LDA in THF and then reacted with two equivalents of THP-protected bromoethanol 

(THP = tetrahydropyran-2-yl) to afford 3 in 45 % yield. Deprotection with conc. HC1 in refluxing ethanol led to 

the corresponding diol 4 in high yield (96 %) as a white solid. This alcohol was converte~ into the dimesylate 5 

in 90 % yield by reaction with mesyl chlonide and NEt3 in CH2C12 at -2 °C, and then reacted with one equivalent 

of 6 and K2CO3 in DMF to afford the monomesylate 7 (46 %). 7 was converted into the more reactive bromo 

derivative 8 by reaction with anhydrous LiBr in refluxing acetone in 92 % yield. 2-Methyl-9-(p-anisyl)-l,10- 

phenanthroline 9 14 was deprotonated with LDA in THF, leading to a deep red compound which was further 

reacted with 8 in THF at room temperature to afford the string 10 (61%), incorporating aphen and a terpy unit 

and a stopper at one end, as a yellow solid. 

10 could be easily threaded into the coordinating ring 12 15, containing a phen unit, through coordination 

to Cu(1), by taking advantage of the great stability of the pseudo-tetrahedral bis-chelate complex formed between 

Cu(I) and two phen. Thus, reaction between 12 and [Cu(MeCN)4]PF6 in CH2C12-MeCN under argon at room 

temperature led to an orange solution of Cu(12)(MeCN)2 ÷ which was then reacted with a CH2C12 solution of 

10 to give almost quantitatively a brown-red solution of semi-rotaxane [13÷][PF6-]. 

For the preparation of the fully blocked rotaxane 1, ligand 10 was first demethylated by reaction with 

EtSNa in dry DMF at 110 °C to give 11 in 80 % yield as a yellow solid. 11 was threaded into macrocycle 12 by 

coordination to Cu (I) in the same way as for 13. The threaded complex 14 was obtained in nearly quantitative 

yield as a brown-red solid. Separately, the phenolic blocking group 6 was converted into the appropriate bromo 

derivative 15 by alkylation with bromoethanol and K2CO3 in DMF followed by mesylation of the 

corresponding alcohol (mesyl chloride, NEt3, CH2C12) and then reaction with LiBr in refluxing acetone (overall 

yield 51%). Finally, the reaction of 14, 15 and Cs2CO3 in DMF under argon at 55 °C, followed by counterion 
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exchange (KPF6, H20, MeCN), led to rotaxane [I+][PF6 -] in 40 % yield. 
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Both threaded structures, 1 and 13, were unambiguously characterized by FABMS and 1H NMR and 

UV-vis spectroscopies. 16 The 1H NMR spectra show the typical upfield shifts of the aromatic protons of the 

phenoxy moieties attached to the phenanthrolines, due to the ring current effect of these phenanthrolines in their 

intertwined structure around the copper center. FABMS confirmed the structures showing intense peaks 

corresponding to the loss of the counterion. 

Acknowledgement. P.G. thanks the Ministerio de Educacitn y Ciencia (Spain) for a postdoctoral fellowship. 

References and Notes 

1. Schill, G.; Zollenkopf, H. G. Liebigs Ann. Chem. 1969, 721, 53; Schill, G.; Henschel, R. Liebigs Ann. 

Chem. 1970, 731, 113; Schill, G. Catenanes, Rotaxanes and Knots; Academic Press: New York, 1971. 



3524 

2. Harrison, I. T.; Harrison, S. J. Am. Chem. Soc. 1967, 89, 5723. 

3. Ogino, H. J. Am, Chem- Soc. 1981, 103, 1303; Ogino, H.; Ohata, K. Inorg. Chem. 1984, 23, 3312; 

Wylie, R. S.; Macartney, D. H. J. Am. Chem. Soc. 1992, 114, 3136. 

4. Asakawa, M.; Ashton, P.R.; Ballardini, R.; Balzani, V; Belohradsky, M.; Gandolfi, M.T.; Kocian, O.; 

Prodi, L.; Raymo, F.M.; Stoddart, J.F., Venturi, M. J. Am. Chem- Soc. 1997, 119, 302; Ashton, P.R.; 

Glink, P.T., Stoddart, J.F.; Tasker, P.A.; White, A.J.P.; Williams, D. J. Chem. Eur. J. 1996, 2,729. 

5. Gibson, H. W.; Bheda, M. C.; Engen, P. T. Prog. Polym- Sci. 1994, 19, 843-945; VOgtle, F.; 

Diinnwald, T.; Handel, M.; Jager, R.; Meier, S.; Harder, G. Chem. Eur. J. 1996, 2,640. 

6. Chambron, J.-C.; Harriman, A.; Heitz, V.; Sauvage, J.-P. J. Ant Chem. Soc. 1993, 115, 6109. 

7. Diederich, F.; Dietrich-Buchecker, C.; Nierengarten, J.-F.; Sauvage, J.-P. J. Chem. Soc., Chem. 

Commun. 1995, 781. 

8. Zhu, S. S.; Carroll, P. J.; Swager, T. M. J. Am. Chem. Soc. 1996, 118, 8713. 

9. Bissell, R. A.; C6rdova, E.; Kaifer, A. E.; Stoddart, J. F. Nature 1994, 369, 133; Ballardini, R.; 

Balzani, V.; Gandolfi, M. T.; Prodi, L.; Venturi, M.; Philp, D.; Ricketts, H. G.; Stoddart, J. F. Angew. 

Chem. Int. Ed. Engl. 1993, 32, 1301. 

10. Collin, J.-P.; Gavifia, P,; Sauvage, J.-P. J. Chem. Soc., Chem- Commun. 1996, 2005. 

11. Chambron, J.-C.; Dietrich-Buchecker, C. O.; Sauvage, J.-P. Comprehensive Supramolecular 

Chemistry, Vol. 9; Lehn, J.-M., Ed.; Pergamon Press: Oxford, 1996; p. 43. 

12 Gibson, H. W.; Lee, S.-H.; Engen, P. T.; Lecavalier, P.; Sze, J.; Shen, Y. X.; Bheda, M. J. Org. 

Chem. 1993, 58, 3748. 

13. C~rdenas, D. J.; Sauvage, J.-P. Synlett 1996, 916. 

14. Dietrich-Buchecker, C. O.; Nierengarten, J.-F.; Sauvage, J.-P. Tetrahedron Lett. 1992, 33, 3625. 

15. Dietrich-Buchecker, C. O.; Sauvage, J.-P. Tetrahedron Lett. 1983, 24, 509l. 

16. Semi-rotaxane 13: UV-vis (CH3CN): ~,max (nm) 442 (e = 3100). 1H NMR (400 MHz, CD2C12): fi 8.68 

(d, J = 8.3 Hz, 1H), 8.57 (br.s, 1H), 8.49-8.45 (m, 4H), 8.40 (d, J = 7.5 Hz, 1H), 8.29 (d, J = 8.8 Hz, 

1H), 8.24 (d, J = 7.8 Hz, 1H), 8.23 (d, J = 7.8 Hz, 1H), 8.10 (br.s, 1H), 8,06 (d, J = 8.8 Hz, 1H), 

8.00 (s, 2H), 7.92 (d, J = 8.3 Hz, 2H), 7.89 (t, J = 7.8 Hz, 1H), 7.76-7.73 (m, 2H), 7.58 (d, J = 8.3 

Hz, 1H), 7.33 (d, J = 8.7 Hz, 4H), 7.29-7.14 (m, 17H), 6.81 (d, J = 9.0 Hz, 2H), 5.97 (d, J = 8.7 Hz, 

4H), 5.90 (d, J = 8.6 Hz, 2H), 4.02 (t, J = 6.2 Hz, 2H), 3.81 (s, 4H), 3.70-3.66 (m, 4H), 3.57-3.52 

(m, 8H), 3.46 (s, 3H), 3.46-3.43 (m, 4H), 2.93-2.89 (m, 2H), 2.53-2.49 (m, 2H), 2.28 (t, J = 7.2 Hz, 

2H), 2.19-2.12 (m, 2H), 1.56-1.50 (m, 2H), 1.30 (s, 27H), 1.32-1.26 (m, 2H). FABMS: m/z 1747.8 

([M-PF6] +, calcd 1747.8), 1180.5 ([M-12-PF6]+), 629.2 ([Cu(12)]+), 411.3 ([(t-BuC6H4)3C]+). 

Rotaxane 1: UV-vis (CH3CN): ~,max (nm) 442 (e = 2700). 1H NMR (400 MHz, CD2C12): 8 8.70 (d, J 

= 8.3 Hz, 1H), 8.56 (br.s, IH), 8.48-8.46 (m, 2H), 8.41-8.36 (m, 3H), 8.29 (d, J = 8.9 Hz, 1H), 8.24 

(br.d, J ~ 7.8 Hz, 2H), 8.12 (br.s, 1H), 8.05 (d, J = 8.9 Hz, 1H), 7.89-7.85 (m, 5H), 7.76-7.71 (m, 

2H), 7.59 (d, J = 8.3 Hz, 1H), 7.33 (d, J = 8.7 Hz, 4H), 7.32-7.15 (m, 29H), 7.11 (d, J = 8.6 Hz, 

2H), 6.92 (d, J = 9.0 Hz, 2H), 6.79 (d, J = 9.0 Hz, 2H), 5.97 (d, J = 8.7 Hz, 4H), 5.92 (d, J = 8.6 

Hz, 2H), 4.26-4.24 (m, 2H), 4.00 (t, J = 6.0 Hz, 2H), 3.89-3.87 (m, 2H), 3.80 (br.s, 4H), 3.70-3.67 

(m, 4H), 3.58-3.54 (m, 8H), 3.46-3.43 (m, 4H), 2.91-2.87 (m, 2H), 2.53-2.49 (m, 2H), 2.33-2.29 (m, 

2H), 2.18-2.12 (m, 2H), 1.60-1.54 (m, 2H), 1.30 (s, 27H), 1.29 (s, 27H), 1.34-1.26 (m, 2H). 

FABMS: m/z 2265.2 ([M-PF6] +, calcd 2265.1), 1698.0 ([M-12-PF6]+), 629.2 ([Cu(12)]+). 

(Received in France 26 February 1997; accepted 6 April 1997) 


