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We report the electrochemically-tuneable interactions between

flavin-functionalised C60 derivatives and a diamidopyridine

derivative.

The electrochemically controllable hydrogen bonding interactions

between flavin and complementary diamidopyridine derivatives

are well documented, and have paved the way for the development

of solution-based models for probing flavoenzyme activity and the

creation of biologically inspired molecular devices.1 More recently,

the electrochemically-tuneable interactions between flavin units

and diamidopyridine moieties immobilised onto gold nanoparticles

have been reported.2 However, due to the poorly defined and fairly

inaccessible electrochemical properties of the gold core, the role the

gold substrate plays in modulating the redox and molecular

recognition properties of the flavin has not been reported.

Buckminsterfullerene (C60), by virtue of its three-dimensional

structure and interesting electrochemical3 and optical properties,

has become an important building block in supramolecular,4

materials5 and biological chemistry.6 The rich synthetic chemistry

displayed by this carbon-based sphere,7 could provide a new

platform for synthesising the next generation of immobilised flavin

derivatives. In addition, the redox behaviour of the C60 moiety

could be exploited as a means of modulating the redox properties

and host–guest complexation of the flavin unit. Here we report the

synthesis and electrochemical properties of flavin-functionalised

C60 derivatives 1 and 2 and their subsequent electrochemically-

tuneable interactions with 2,6-diethylamidopyridine 3.

Compounds 1, 2 and 4 were synthesised from C60, sarcosine

and the corresponding aldehyde using a previously reported

methodology{.8 An interesting feature of flavin-functionalised

systems is the visible quenching of the flavin fluorescence by the

C60 moiety when irradiated with light of l 5 365 nm. Interestingly,

very little difference in the 1H NMR spectra of 1 and 2 were

observed when they were compared to the spectra of 7,8-dimethyl-

10-isobutyl flavin 5 and 7-trifluoromethyl-10-isobutyl flavin 6

(CDCl3) respectively, indicating rather limited interactions occur

between these units in their neutral states.

The solution electrochemistry of 1, 2 and 4 (0.1 M Bu4NPF6 in

CH2Cl2) have been studied using cyclic voltammetry (CV) and

square wave voltammetry (SWV).9 Upon reduction of flavin-

functionalised derivatives 1 and 2, overlapping redox waves

corresponding to the reduction of the C60 and flavin units were

observed (Fig. 1).10 However, by performing SWV on these

derivatives, it was possible to resolve the reduction waves of these

systems into fairly distinct waveforms. For both flavin derivatives,

a single reduction wave (confirmed by second-derivative SWV{)

was observed for the pseudoreversible formation of the flavin

radical anion species 1rad
2 (EK 5 y21.32 V) and 2rad

2

(EK 5 y21.15 V). A second reoxidation wave for 2 (E 5

20.84 V) arises from an electrochemical–chemical–electrochemical

(e–c–e) process, where a portion of 2rad
2, formed at the electrode

surface, rapidly deprotonates 2 in the bulk medium{.11 The

protonated flavin radical (2radH) produced in this process under-

goes a further one-electron reduction at the working electrode

surface to form the relatively stable fully reduced flavin anion

(2redH
2), which is subsequently reoxidised at a less negative

potential than 2rad
2. The second reoxidation wave for 1 is

presumably masked by the first reduction wave of the C60 moiety.

As anticipated, the disparate electronic properties of the functional

groups attached to the 7- and 8-positions of the flavin, had a major

role in determining the redox properties of the flavin units of 1 and

2.12 In particular, the redox waves due to the formation of 1rad
2

and 2rad
2 occurred at a more and a less negative potential,

respectively, than the redox wave due to the first reduced state of

the C60 unit. The CV of compound 4 gave rise to two redox waves
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at 21.21 V and 21.59 V, corresponding to the formation of 42

and 422, respectively.3

To evaluate the effect the juxtaposition of the redox-active flavin

and C60 moieties have on their respective electrochemical proper-

ties, we compared the CV and SWV data for derivatives 1 and 2

with those of compounds 4, 5 and 6{. For derivative 1, the

attachment of the flavin unit to the C60 moiety shifts the redox

waves of the latter to more positive potentials (typically +30 mV),

indicating that the flavin unit facilitates the formation of the first

two reduced states of the C60 unit of this derivative. Similar data

were observed for 2, however, in this case, the positive shift in the

redox waves for the C60 moieties were significantly less than those

observed for 1 (typically +10 mV). When the effect the attachment

of C60 has on the redox behaviour of the flavin moiety was

investigated by comparing electrochemical data of 1 or 2 to that

obtained for 5 or 6 (see ESI{ and Fig. 2), it was observed that in

both cases, the C60 moiety shifts the redox wave due to formation

of the flavin radical anion state to more positive potentials

(typically +30 to +60 mV). Therefore, it is apparent that the

covalent attachment of flavin units to C60 (and vice versa) results in

the stabilisation of the reduced states of these species.

With the electrochemical properties of the individual flavin-

functionalised C60 derivatives investigated, we next focused our

attention onto determining whether the redox controllable

recognition properties of the flavin unit can be exploited. Rotello

and co-workers have previously shown that intermolecular

hydrogen bonding interactions between 3 and complementary 5

results in a +150 mV shift in the half-wave potential of the flavin

radical anion (in CH2Cl2), indicating that a significant stabilisation

of this state occurs.13 Moreover, the shift in redox potential

corresponds to a 500-fold increase in the binding efficiency of the

host–guest complex upon electrochemical reduction of the flavin

unit.

In order to determine whether similar redox controllable

complexation properties can be achieved between derivatives 1

or 2 and 3, we investigated the addition of an excess of compound

3 to separate electrolyte solutions of 1 or 2. The redox waves

corresponding to the 1/1rad
2 or 2/2rad

2 redox couples were

immediately shifted by +110 mV (see Fig. 3, Fig. 4 and ESI{),

corresponding to a substantial stabilisation of the flavin radical

anion by 11 kJ mol21, consistent with more than a 70-fold increase

Fig. 2 SWVs of 1 (—) and 5 (......) (y0.8 6 1024 M).

Fig. 3 SWVs of 1 (y0.5 6 1024 M) before (—) and after (......) the

addition of excess 3 (y 4 6 1022 M).

Fig. 1 CVs of 2 (—) and 4 (......) (y1 6 1024 M). Scan rate 5

500 mV s21.

Fig. 4 SWVs of 2 (y1 6 1024 M) before (—) and after (......) the

addition of excess 3 (y 2 6 1022 M).
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in the binding strength of the complex (3.1rad
2: Ka 5 39143 ¡

1960 M21, 3.2rad
2: Ka 5 27907 ¡ 1395 M21).14 In particular,

upon the addition of an excess of 3, the flavin radical anion redox

wave for derivative 1 now coincides with the redox wave for the

first reduced state of C60. In contrast, this redox wave for the flavin

moiety of 2, which originally occurred at a more positive potential

than the first reduction wave of the C60 moiety, clearly shifts to a

more positive potential, well outside the redox window of the C60

unit. The CV data for 2 are in accordance with data obtained for

flavin derivatives recorded in the presence of a complementary

diamidopyridine, as the wave for the reoxidation of 2redH
2 to 2 is

virtually fully suppressed due to the prevention of the e–c–e

process due to host–guest complexation.11 Therefore, the data are

consistent with a significant stabilisation of the 1rad
2 and 2rad

2

states upon the addition of 3 to the electrochemical cell, and a

concomitant increase in the hydrogen bonding efficiency upon the

electrochemical reduction of the flavin moiety of the complexes.

An interesting feature of the electrochemistry of derivatives 1 or

2 upon the addition of excess 3, was the differing electrochemical

data obtained for the first reduction wave of the C60 moiety. The

first reduction wave was shifted to a more positive value for

derivative 1 (y +20 to +30 mV), whereas a negative shift for

derivative 2 (y 220 to 230 mV) was observed. The second

reduction wave of the C60 moiety is largely unaffected by the

addition of 3. Negligible shifts in the reduction waves of derivative

4 were observed upon the addition of excess 3, indicating that the

host–guest binding between the flavin and diamidopyridine

moieties has the ability to modulate the reduction potential of

the first reduced state of the C60 moiety. This modulation

demonstrates the ability of flavin to transduce supramolecular

events into electronic changes in a remote substituent.

In conclusion, we have shown that the covalent attachment of a

C60 unit to flavin derivatives influences the fluorescence and

electrochemical properties of the latter. However, the C60 unit does

not significantly impair the flavin’s ability to undergo electro-

chemically-tuneable hydrogen bonding interactions with diamido-

pyridine derivative 3. Indeed, significant redox-enhanced binding

between the flavin moiety of 1 or 2 and 3 was observed upon

electrochemical reduction of the flavin moieties to their radical

anion states. We are currently exploiting these systems to create

new molecular electronics components, and the results of these

investigations will be reported in due course.
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