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Abstmcr: A suprsmolecular species has been designed for studying the mechanism of long-range electron traasfa 

through non-covalent bonding. A rhenium comphzx with a cyclodextrin unit on the side arm of a ligaod has been synha 

sized. The rhenium complex trapped NIV-diethylanilline into its cavity, and the luminescence from the hostcomptex was 

puencti by the guest. 

Development in the study of the three-dimensional structure of natural photosynthetic reaction centers has 
raised interest in the mechanism of intramolecular electrontransfer (ET) in supramolecular species which are 
made of a photosensitizer unit (P) covalently linked to electron-acceptor (A) and/or electron-donor (D) units.t 
The mechanism of ET has been extensively discussed on the basis of the rate of photochemical forward and back 
ET which has been measured for these species. The rate of the intramolecular ET has been found to be enhanced 
by through-bond electronic coupiing of P and A (or D). 2 Then a question arises: through what kind of pathway 
electron is transferred in the natt&l photosynthetic reaction centers in which P, D and A are attached non-co- 
valently to protein matrices. To answer this question chemically modified metalloredox proteins have been ~sed.~ 
Theoretical studies have revealed that electron tunnels through a special pathway which has been chosen so as to 
maximize the electronic coupling of P and A (or D). The pathway includes covalent bonds, hydrogen bandings, 
and spaces between atoms interacting non-covalently with each other.4 

Recently several suprtun&cular species assembled with non-covalent interactions have been synthesized. 
Fit, Harrimanet al. have introduced a system composed of a porphyrin and a quinone making a pair by hydrogen 
bonding at their side chains.* Kuroda et al. have synthesized a porphyrin bearing two cyclodextrin units acting as 
binding sites for quinones.6 The latter system is very interesting since the D-A pair is formed only by weak 
interactions such as van der Watils’ or hydrophobic interactions. 

Scheme 1. 
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To determine the mechanism of ET we need a systematic study by varying free energy change for the ET 
reaction, and by changing the distance of the reacting partners. We have therefore designed another photosensi- 
tizer with a cyclodexrin (CD) unit. Scheme 1 shows the photosensitizer synthesized in the present study. A 
rhenium complex of the formula,f&[Re(CO),(bpyXpy)]+ @y = py- 
ridine, bpy = 2,2’-bipyridine), was selected because redox potential 
is changeable by substituting the bpy ligand’ Moreover, this kindof 
complex has no chiral center unless bpy ligands are chemically sub- 
stituted asymmetrically; if the metal complex had a chiral center like 
a Ru(bpy)$Y, introducing a chiral cycloclextrin unit into a side 
chain of any ligands would result in the formation of diastereomer. 
A pyridinio group was selected as a hinge linking the CD unit to the 
spacer unit, since the confotmational structure of the mndified CDk 
with a pyridinio group had been characterixed well by IH-NMR 
specttoscopy.” 

Synthesis of the pyridine ligaud which has a @cyclodextrin (p- 
CD) moiety (1) was achieved by a slight modification of the method 
by Du et al.‘O Mono-6-deoxy-6&do-/3-cyclodextrin and 1,3di(4- 
pyridyl)propane wes-e heated in DMF at 80°C for 40 h. After repre- 
cipitation with acetone, the product was purified by ion-exchange 
chromatography on a SP-Sephadex C-25 column and adsorption 
chromatography on a Diaion HP-20 column (a high-porous polysty- 
rene gel, Nippon Rensui Co.). The product 1 was reacted 
withfuc-Re(CO)~(bpy)(CF,SO,)n at reflux in 2:l metha- 
nol/water for 12 h. The product was purified by chroma- 
tography on a SP-Sephadex C-25 column. The purified 
product gave satisfactory data on SOO-MHz ‘H-NMR 
spectroscopy.‘s 

Combined use of various two-dimensional NMR 
techniques in XKLMHz rH-NMR spectroscopy1’J4 have 
enabled us to assign most of the peaks in a one-climen- 
sional (1D) spectrum, and to elucidate the three-dimen- 
sional (3D) structure of the relevant compound. Latge 
shifts were observed in the 1D ‘H-NMR spectrum of the 
compound 2 at the resonance peaks for H-6’s and H-5’s of Scheme 2. A scheme showing pmposed 3D 
the glucose units of both A and B (Table 1). Similar structure and the notations for the protons of 2. 

Table 1. *H-NMR Chemical Shifts of the Specified Rotons of 2.3, and Native BCID. 

Compound Chemical shifts / ppm 

A6a A6b A5 B6a B6b 

p-d 3.79-3.86 (m) 3.79-3.86 (m) 3.79-3.86 (m) 3.79-3.86 (m) 3.79-3.86 (m) 

2 5.09 (dd) 4.61 (dd) 4.15419 (m) 2.76 (dd) 2.54 (dd) 

3b 5.25 (dd) 4.78 (dd) 4.284.32 (m) 2.95 (dd) 2.68 (dd) 

a Chemical shifts for H-6’s and H-5’s of the P_CD cannot be resolved because the resonance peaks for 
the protons overlap in a narrow region. b For the method of the assignment of the peaks, see ref. 8. 
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Figure 1. Change in the fractional amplitudes for Figum 2. A Stem-Volta plot for the longer- 
the lifetime components as a function of DEA lived component against DEA concentration. 
concentration. 

kinds of shifts have been reporkd for mono-6-deoxy-6-pyridini*PCD (3) and the related ~ompounds.‘~~ The 
upfield anddownfield shifts have been atibuted to anisoa-opic ring current effect and/or elecuostatic effect of the 
pyridinio cation. The strong resemblance in the shifts implies that the avenged conformational stmcture of the 
pyridinio group in 2 is the same as those in 3 and the other pyridinio-modified CD’s; the pyridinio group is located 
on the rim of the CD torus and faces the glucose unit B .*$ Examination of the possible confomu&onal structure of 
this compound on the CPK model reached the conclusion that the pfidine unit binding to rhenium must be 
expelled out from the CD cavity. The conclusion agrees well with the experimental results that no NOE was 
observed between protons in the CD unit and those in the Re-complex unit, and that the luminescence intensity did 
not change by the addition of typical ‘good’ guests for CD’s such as 1-adamantanol or (-)-borneoLLs 

The Re-appended CD had a 1 uminescence band? around 580 nm.‘6 The luminescence was quenched by the 
addition of NJV-dicthylaniline (DEA). Quenching of the lumkscence by DEA has been reported for a Re com- 
plex, and the origin of the quenching has been attributed to the electron transfer from DEA to the photoexcited Re 
complex.” In the presence of DEA the decay curve for the luminescence was fitted to the two-exponential decay 
model.18 The fractional amplitudes for the shm-lived component increased with incnasing concentration of 
DEA, but, that for the longer-lived component decreased with it. In Fig. 1 the fractional amplitudes were plotted 
against DEA concentration. The plot was well fitted by a quantitative model assuming the formation of an 1:l 
inclusion compound. The binding constant Kb estimated through the fitting was 1.1 x l(r M-l. The shorter-lived 
component can be attributed to the luminescence from 2 with the cavity filled with DEA, and the longer-lived one 
to that from 2 free from DEA. This was confirmed by the fact that the amplitude for the short--lived component 
was negligibly small in the presence of a large excess 
of a competitive guest, 1-adamantanol. 

Although the lifetime for the shorter-lived com- 
ponent stayed practically unchanged with increasing 
concentmtion of DEA, that for the longer-lived one 
-withit. Tbedeneaseinthelifetimecanbe 
attributed to the dynamic quenching by the free DEA 
molecule, which has been proved by the fact that a 
straight line was obtained on a Stem-Volmer plot of 
the lifetime (Fig. 2). The dynamic quenching by dif- 
fusional collision and the static quenching in the su- 
pramolecular species may occur at the same time. 

The rate of ET in the supmmolecular species 
was calculated from the lifetimes of the luminescence Scheme 3. A schematic representation of the ET 

process in the supramolecular species. 
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by the equation: 

where 5 and z0 ate the lifetimes for ‘the DEA-filled 2,(the shorter-lived component in the Presence ofDEA. 
21 ns), and that for the DEA-free 2 in the absence of DEA (92 ns), respectively. The kw values was estimated to 
be 3.7 x 10’ s-1 

The above results indicate that electron was tmnsfemid frotn DEA which was trapped in the Q) cavity to the 
Re complex which was tlxed outside of the cavity thmugll the non-covalent lnn&ig between DBA andthe host 
CD. In order to determine the mechanism of ET in the supnunolecular species synthesis of a series of related 
compounds are necessary. This work is in progress in this labolatoty. 
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