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Summary y 

Inn this dissertation a study is presented on the photochemical and electrochemical properties 

off  a number of rotaxanes. 

Rotaxaness belong to a class of compounds that attracts much interest recently and in 

whichh two or more molecular parts are mechanically intertwined to form a single entity with-

outt the presence of covalent bonds between these parts. In rotaxanes one part is a 'ring' which 

iss shifted over the other part that is indicated as the 'thread' or 'axle'. Large groups ('stoppers') 

att the each end of the thread prevent it from slipping out of the ring. As a result the ring can 

slidee along the thread between the two stoppers. This movement bears some analogy to the 

movementss typically found in a number of naturally occurring 'molecular motors' such as 

thosee involved in the transcription and replication of DNA and in the contraction of muscles. 

Whenn the thread is homogeneous in structure, there is not a preferred position for the ring on 

thatt thread and so that position is subject to random, thermally driven fluctuations. Incorpo-

rationn of certain groups ('stations') in the thread that show a specific affinity for the ring leads 

too a situation in which the ring moves ('shuttles') from one station to the other. This is again 

thermallyy driven, but now the average time that the ring spends at each station is clearly 

definedd by the affinity that the ring has for it. Many researchers have already realized that 

externall  impulses of chemical, photochemical or electrical nature could be applied to change 

permanentlyy or temporarily the structure of a station, and thereby also change permanently 

orr temporarily the preferred ring position. Control of such 'switching' in rotaxanes seems an 

importantt step on the route to the development of useful artificial molecular motors as well 

ass molecular logic gates. The present study is intended as a contribution to that development. 

Inn the first chapter of this dissertation an overview is given of the already substantial 

literaturee about rotaxanes and the closely related catenanes as well as of the many efforts to 

inducee switching in such systems by external stimuli. In many cases the latter has been 

achievedd by the addition of external reactants (e.g. acid and base). Such reactants (e.g. ATP) 

inn fact also drive the molecular motors found in nature, but for in vitro applications switching 

byy light and/or electrical stimuli appears more desirable. Therefore in the remainder of this 

dissertationn the focus is on photochemical or electrochemical switching. 

Inn chapter 2 a brief description is given of the instrumentation and techniques applied 

inn the present study as well as of the synthesis of the systems studied, the latter being per-

formedd mostly elsewhere. 
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Inn chapter 3 rotaxanes are investigated in which the thread next to an alkyl chain part 

containss a station of the fumaramide type. This station has a high affinity for the ring as a 

resultt of multiple H-bonding and therefore the position of the ring is fully restricted to this 

station.. It is, however, known that the C=C double bond in fumaramides can be isomerized 

photochemicallyy from the £-configuration to the to the Z-configuration (i.e. from fumara-

midee to maleamide). This isomerization is thermally irreversible but can in principle be 

invertedd photochemically. Furthermore it is expected that the affinity of the ring for the sta-

tionn wil l be dramatically reduced in the Z-form, thus allowing photo-switching of such rotax-

aness between two thermally stable forms. The photochemical experiments in chapter 3 are 

restrictedd to conditions in which the (UV) light is directly absorbed by the station. Significant 

EIZEIZ photoisomerization was observed under these conditions and it could be shown that it is 

veryy likely occurring via the lowest singlet excited state of the station. Regrettably it turns 

outt that it is impossible to achieve full isomerization in this way. Instead after a certain period 

off  irradiation a photostationary EIZ mixture is obtained containing comparable amounts of 

bothh isomers. Furthermore the quantum yield for photoconversion from E to Z in the rotax-

aness is in general much smaller than in the corresponding threads and also the amount of Z 

isomerr in the photostationary mixture for the rotaxanes is thereby lower than obtained by irra-

diationn of the threads. These phenomena are likely to be connected to stabilization of the E-

formm of the station by the ring residing on it in the rotaxanes. 

Becausee of the incomplete transformation under direct irradiation the behaviour under 

sensitizedd conditions are investigated in chapter 4. In this case the light (now of a longer 

wavelength)) is primarily absorbed by an added sensitizer. This undergoes rapid intersystem 

crossingg to its lowest triplet state and then transfers its triplet energy to the station to be 

isomerized.. By a judicious choice of the sensitizer it now is possible to achieve full E to Z 

isomerizationn of at least one of the threads used in this study. Unexpectedly the isomerization 

off  a rotaxane containing this thread is still incomplete (60% at most in the photostationary 

state).. Also the quantum yield of the latter isomerization is strongly reduced (about tenfold) 

ass compared to that for the thread. A small part of this effect seems to be caused by less effi-

cientt triplet energy transfer between the sensitizer and the fumarate chromophore as a result 

off  hindrance by the ring residing on that chromophore. The major effect of that ring is, how-

ever,, a strong reduction of the chance that in the triplet state the E to Z isomerization takes 

placee at all, analogous to what was found in chapter 3 for isomerization in the excited singlet 

state.. Making the sensitizer part of the ring could elegantly solve the first problem and also 

leadd to a situation in which the sensitizer can no longer promote the reverse isomerization 

becausee in its Z-form the station no longer binds the ring tightly. 
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Inn chapter 5 a number of new rotaxanes is described in which the thread contains a 
chromophoree related to the coumaric-thioester chromophore of Photoactive Yellow Protein 
(PYP).. PYP is known to undergo a complex photochemically and thermally driven cycle in 
whichh ElZ isomerization of the double bond in the chromophore plays a crucial role and 
whichh is strongly modified by the protein environment, e.g. via hydrogen bonding interac-
tions.. It was therefore deemed interesting to investigate how the photochemistry of such a 
coumaric-esterr chromophore in a rotaxane would be influenced by the ring that is interacting 
withh it via hydrogen bonding. Photoisomerization was only investigated under conditions of 
directt irradiation. This led to photostationary ElZ mixtures. Analysis of these mixtures by H-
NMRR spectroscopy and comparison with the spectra of the corresponding threads provided 
interestingg information about the way the ring positions itself with respect to the E and Z 
formss of the chromophores. Also in this case, the presence of the ring induces a moderate to 
strongg reduction in the ease with which the E to Z isomerization takes place. 

Inn chapter 6 a fully different way of switching is investigated, that had been applied 
successfullyy in our group for another rotaxane. Here the affinity of the ring for the station on 
whichh it resides primarily (i.e. a succinamide station) is not modified. Instead another station 
iss transformed via (photo) electroreduction into such a strong H-bond acceptor that the ring 
movess from the primary station towards it. For this purpose a thread was synthesized in our 
laboratoryy that contains a succinamide station at one side and a naphthalene-bisimide station 
att the other end. In the group of D.A. Leigh a rotaxane containing this thread was made in 
whichh - as expected - the ring resides on the succinamide station. Photoreduction of the naph-
thalene-bisimidee group was unsuccessful as a result of side reactions. However, electrochem-
icallyy reversible one-electron reduction of this group to its radical-anion as well as reversible 
two-electronn to its di-anion could be achieved. In depth investigation of the cyclic voltam-
mogramss as well as of the changes in the electronic spectra (by spectroelectrochemistry) 
demonstratedd that after one-electron reduction the ring already moves mostly to the naphtha-
lene-bisimidee station and that after two-electron reduction this move is complete and accom-
paniedd by strong binding. This constitutes the first example of a rotaxane that can be 
reversiblyy switched by a two step electrochemical process. 
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