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Photoactive [2]Rotaxanes Famed by Multiple ~-Stacking 

Andrew C. Bamhtanl, Anthony H8nimanqo and viaeent M. LyndI* 

Interaction between nn electron donor and a complementary electron acceptor can form a chrge- 

transkr (CT) complex poeseehg a distinct absorption tran&ion in the visible qcctral range. 

Illumination into this absorption band rcsuh in spontaneous generation of an intimate radical ion pair 

due to electron transfer &om donor to acceptor within the complel~~ In most cases, ultraht charge 

recombination2 restores the ground state complex, although solvent penetration and diffusive separation 

may aBmpete with revelBe. electron transk. 3 The ability to sclccthcly excite into the CT absorption 

band and the highly efficient forward electron-transfer step make such CT complexes attractive modules 

for construction of pktoacth supramolccular 4 systems. However, conccms about the poorly detied 

geometry of the CT complex and the rapid rates of charge recombination have to be addressed. ‘ihe 

structure of the complex can be better defmed by inaqorating it into a rotaxaneofthelypeshownin 

FII 1 while the energy wasting charge-recombination step can be curtailed by awalent attachment of 

a secondary electxvm donor to the rotaxane such that sequential electron trader might occur.’ 

In the latter case, it is essential that electron transfer hm the oxidhd f&n of the primary donor 

to the seamdary donor competes effectMy witb charge recombination witbio the radical &m pair. For 

a useful device, it is also necesary that electron transfer between the oxidized secondary donor and the 

primmy acceptor is relatively elow. 6 T&is daunting requisite might be achieved if the aecondzuy donor 

cnnbecloae!ly associated with the CT complex via wsta&ing in such a way that secondary electron 

tranhrirfollowedby unwhdingoftJkethread(Figure2). Wenowshowthatrotaxanel(Figure1) 

appears ta undergo multiple [jnlramolecular] wstack@ between the central and terminal subunits. The 

impostance of this e&ct cannot be cwerstated. Such ckse-packhg of the subunits ia easenthl if 

ueconda~~ electron transfer is to compete electively with the inherently rapid charge-recombination 
process and it is only by usiug a flexible thread that the subsequent restoration of the ground state system 

will be kept sufficiently slow. In principle, the rate of this final electron-transkr step could be modulated 

by varying the length of the thread. 
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FIgme 1. Synthetic route used for preparation of the [2]rotaxane 1: (i) refhx in dry acetonitrile, silica 

chromatography, yield 45%. (ii) AgPF,, acetonitrile at 25 OC for 7 days, silica chromatography, ion 

exchange, yield 25%. 

Flgure 2. Cartoon showing the tight-induced and subsequent thermal confomational changes expected 

for the [2]rotaxane. 
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The synthetic route employed to prepare the [2] rotaxane 1 is depicted in Figure 1; the dinal material 

was purified by ion-exchange and extensive column chromatography on silica. 9-Anthroyl chloride (3),7 

1,4siP[z[z(zh~ete~~~ nzene (2)8and l,l’-[1,4-phenylene&(methylene)]-b&4,4’- 

bipyridinium b&@exafluorophosphate) (5)* were prepared by literature methods. The terminally 

disubstituted thread @was prepared in average yield of 45% by refluxing 2 with a slight molar excess 

of 3 in dry acetonitrile, followed by column chromatography on silica Cyclization of s8 with &,a’- 

diirfnno-p-xylenc in the presence of the corresponding thread 4 was carried out using the template 

method pioneered by Stoddart et ul.*, and gave the corresponding rotaxane 1” in an unexpectedly high 

[unoptimkd] yield of 25%. We attribute this apparently Me cylization step, which occur in much 

higher yield than found for most other wmparable [2]notaxane~,~’ to the additional templatiag e&ct 

produced by the appended anthracene groups, whieh can w-stack with the 4,4’-b~diniwn subunits prior 

to c@ization. III this manner, the 4,4’-bipyridinium groupn are locked into position by both internal and 
external ternplating elects such that clipping of the second xylene subunit is expected to proceed 

smoothly. 

Preliminary X-ray uystallographic data collected for 1 confirm a folded conkwmatian in which both 

anthracene moieties are in van der Waals contact with the N,N’-bifldinium groups of the qclophane. 

Thus, the centraked dialkoxybenzene donor and each of the terminal anthracene moieties are spatially 

separated by one of the N,N’-bi~dinium subunits. Significant upfield shifts observed Ear the 

anthraccne protons in the ‘H NMR spectra indicate that similar folding and w-sta&ing also occurs in 

CD&N solutions at 25 “C, for example, the easily identEed singlet H, proton on the anthracene 

residues is shifted updield by ca. 0.4 ppm relative to the thread 4. This intramolecular seM-assembly 

process has the effiwt of aXgaing five aromatic nuclei into a single +stack and ensures close electronic 

contact between the terminal stopper8 and the central CT complex in both solution and solid phases. 

This means that secondary electron transfer can take place via w-orbitals on the aromatic spacer rather 

than along the c&omiing hework of the aliphatic chain and, in turn, this should represent a 

considerable enhancement in rate. 

The abmxption spectrum recorded for 1 in acetonitrile shows both the characteristic Gaussian- 

shaped CT band, centered at 486 nm, and the well-resolved absorption peaks located at 330,346,362, 

and 382 nm due to (w,w+) transitions localized on the anthracene moieties. The position of the CT 

absorption maximum is cu. 16 mu red-shifted relative to that found with nonaromatic stopper groups; 
a finding am&tent with the alleged w-sta&ing. Complete quenching of the anthracene fluorescence is 

observed in dilute acetonitrile solution (Qr ~0.001; Tf 40 p~)~ due to rapid electron donation from the 

excited singlet state to the elec&m-affbdc qclophane. Direct excitation into the CT band with a short 

laser pulse resuEts in immediate generation of the radical ion pair’ which decays rapidly back to the 

ground state v&a charge recombination. Seccmdaq electron tran&r from the oxidized dialkoxylbenzene 

w-radical cation to one of the appended anthracene moieties does not occur in this system, despite their 

doseP roximity, because of the unfavorable thermodynamic driving foroe (A0 II 0.25 ev). However, 

having established the concept of efkctive wsta&ng between stopper and central CT complex it should 

now be possiile to design and synthesize second generation proto@pes poasesaing more readily oxidizable 

stoppers that also undergo w-stsking. 
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