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Tetrathiafulvalene redox-responsive ligands devoid of cis/trans isomerism containing the electroactive bis(pyrrolo[3,4-d])tetrathiafulvalene moiety
and polyether subunits have been synthesized. One ligand exhibits high binding affinities for Pb?* and BaZ" cations as shown by independent
methods (*H NMR, UV-vis spectroscopy, and cyclic voltammetry). The ability of this receptor to electrochemically recognize Pb?* and Ba?"
is shown by cyclic voltammetry.

Host—guest chemistry plays a central role in supramolecular
chemistry and the development of macrocyclic ligands for
which complexation of a neutral or ionic guest induces a N\ s s & s s

change in the opticalor redo® properties of the systems [ = ] *HN:[ o ]:NFH—
continues to provide a challenge for supramolecular chemists. " S 1 TN S 2 S
Redox-responsive ligands can be built from the covalent
association of a redox-active unit to a host unit, allowing
the complexing properties toward an appropriate guest to
be controlled by the redox state of the electroactive nit.

The redox-active tetrathiafulvaleh@TF, 1) (Figure 1) unit s associated with the preparation of molecular organic
—— metals. Nevertheless, recent developrhensynthetic TTF
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Figure 1. Structure of tetrathiafulvalend) and bis(pyrrolo[3,4-
d))tetrathiafulvalene (2).
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TTF-cyclophanedde TTF-catenane¥¢and TTF-rotaxanes/
pseudorotaxané&s®5from chemical curiosities into a vibrant
area of modern-day research. In the context of redox-

responsive ligands, the TTF unit appears as an ideal redox-

active system in view of its uniquer-electron-donating
properties. Its oxidation to the radical cation (TTH and
dication (TTP™) occurs sequentially and reversibly at low

potentials, and such a reversibility of its redox processes can

allow the electrochemical control of trapping (neutral TTF)

or releasing (cationic TTF) of a given metallic cation, simply

by changing the redox state of the TTF core. Incorporation
of the TTF unit into macrocycles containing a crown ether
recognition motif has been well documerfted®in recent

years and has allowed the electrochemical recognition of

various metal cations. Until now, and essentially for synthetic
reasons, the TTF unit has mainly been introduced into
macrocyclic systems as a tetrathioTTF moigtyince the

TTF core presents four identical potential attachment sites

(Figure 1), incorporation of the tetrathioTTF moiety into
macrocyclic systems often results in the isolation of cis/trans
isomeri¢ mixtures, as in the case of the TTF-crdB
(Figure 2). This inherent cis/trans isomerism may alter the
complexing ability of the ligand. Indeed, liquid solution
ionization mass spectrometry (LSIMS) aHd NMR spec-
troscopy showed that only the cis-isomer 3fis able to
comple®' Ba*". Furthermore, a cis/trans isomerization has
been shown to take place in solution for related compo€ifids.
Recently, the synthesis of bis(pyrrolo[3#Hetrathiaful-
valene (2 (Figure 1) has been reporté@his TTF derivative
can easily be functionalized B\-alkylation of its two pyrrole
units, thereby allowing the preparation of macrocyclic
systems devoid of cis/trans isomerid.

In this Letter, we report the synthesis of the first examples
of macrocyclesda,b and5a,b (Figure 2) incorporating the
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Figure 2. Polyether-fused TTF and bis(pyrrolo)TTF.

bis(pyrrolo) TTF moiety2 and demonstrate that one of them
(i.e., 5b) acts as a redox responsive ligand toward'Ba
and PB*.

The macrocyclesda,b and 5a,b were synthesized as
outlined in Scheme 1. Bis(pyrrolo) TTE was synthesized

Scheme 1. Synthesis of the Macrocycleta,b and5a,b
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according to the literature procedurayhereuponN,N’-
functionalization of2 was carried out using high-dilution
conditions. Simultaneous slow addition (perfusor pump, 3
mL h™Y) of 2 and an appropriate)>-diiodo poly(ethylene
glycol) derivativé! 6ab or a cathecol derivativé 7ap onto

a slurry of NaH in DMF produced compoundab and5ab.

This kind of bis substitution ensures a close proximity
between the coordinating unit and the central electroactive

(9) (a) Jeppesen, J. O.; Takimiya, K.; Jensen, F.; Bech@rgl. Lett.
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5805.

(10) Bis(2,5-dimethylpyrrolo)[3,4-d]TTF derivatives have also been
reported, see: (a) Zong, K.; Chen, W.; Cava, M. P.; Rogers, R. Drg.
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TTF framework, which is necessary in order to optimize the the cathecol unit, indicating that Phis complexed (Scheme

response of the electroactive part upon complexation of a2) within the macrocyclic receptdb.

metal cation. It transpires from Scheme 1 that the yield of

isolated [1+ 1] macrocyclization product is much lower for

4b than in the case of compour@(50% isolated yield) Scheme 2. Complexation of Pb" by the Macrocyclic

although the linker used for the macrocyclization is the same. Receptorsb

This observation is presumably a direct consequence of the

larger size (ca:+30%) of the rigid part of the bis(pyrrolo)- Q

TTF moiety as compared to the tetrathioTTF one, and o 0

therefore the use of larger linkers is needed when bis- )(z I

(pyrrolo)TTF 2 is used as the electroactive unit. This is 5b o o

consistent with the fact that only traces 4, involving a @ P — |’J %1

shorter polyethylene linker, could be isolated, and that yields [O Oj

are much better for the larger cathecol derivatiBash. Ni%:(‘érrq
Geometry optimizations at the semiempirical level (PM3) i B

have also been carried out. The calculations shows (Figure 5hePb%*

3) that the bending angleda (24°),4b (15°),5a(11°), and

IH NMR titration experiments were carried out to
determine the binding constant?) for the complex of Pb
and the macrocyclic receptdb in a 1:1 mixture of CRCN
and CDC} at 298 K. Addition of increasing amounts of Pb-
(ClOy), to a solution obb induced complexation which was
followed (Figure 4) by observing the changes in the chemical

(c) (d 69
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g 8.7 A
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G 66
Figure 3. Geometry optimization (PM3, Hyperchem) of the 8 °
macrocyclic ligands (a$a, (b)4b, (c) 5a, and (d)5b. £
£ 39
<
5b (6°), in the central TTF part are regularly smaller when 87 > 4
the number of oxaethylene fragments increases. The flat- ur °
tening of the electroactive unit, as observed in compound " 00 05 10 15 20
5a,b, constitutes a crucial prerequisite for the recognition Equivalent Pb2*

properties of the macrocyclic ligand, since the integrity of Figure 4. H NMR titration curves of the perturbation of G&
the electrochemical behavior, and in particular electrochemi- (0) and aromatic protons®) of 5b (7.6 x 10-3 mol L-%) upon

cal reversibility, of the redox systems is greatly affected by addition of increasing amounts of £b
this structural parametér.

The binding properties of the macrocyclic receptéash
and 5a,b toward cations were evaluated using different Shifts. Addition of an excess Pb(>1.0 equiv) did not cause
techniques includingH NMR and UV—vis spectroscopy, ~ any further changes in thiéi NMR spectrum ofsb, which
LS|MS, and Cyc"c Voltammetry (CV) The most Spectacular confirms a 1/1 StOiChiometI’y for the Comp|exati0n Oﬁpb
results were obtained from the larger ligéte] which shows Py 5b. The binding constant was obtained using the curve

remarkable sensing properties in the cases &f Bad PB. fitting progrant® EQNMR and gave an average I value
A comparison of theéH NMR spectra (CRCN/CDCh of 6.2 for thebb-Pl¥* complex (from different chemical shifts).
(1:1), 298 K) of the free macrocyckb and the macrocycle Cyclic voltammetry (CV) is a powerful tool to evaluate

5bin the presence of Pb(CK reveals significant chemical  the recognition pr_operties of a redpx—responsive ligand. The
shift differences for the resonances associated with the oxa-Progressive addition of Pbto solution of5b (CH;CN/CH,-

methylene protons of the linker and the aromatic protons on Clz (1/1)) caused significant modifications in the CVs (Figure
5) and the emergence of a new redox wave. Thus, for

(12) Ashton, P. R.; Becher, J.; Fyfe, M. C. T. Nielsen, M. B.; Stoddart,
J. F.; White, A. J. P.; Williams, D. Jetrahedron2001,57, 947—956. (13) Hynes, M. JJ. Chem. Soc., Dalton Tran$993, 311—312.
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Figure 5. Cyclic voltammograms obb recorded in a mixture of 4 —1y i ; ;
CH,Cl, and CHCN (10- mol L3 and BuNPFs (102 mol L-2) grlﬁgﬂr?tngCBNafz'ex 10~4mol L71) in the presence of increasing

as the supporting electrolyte in the presence of increasing amounts
of Pk,

0 200 400 600 800
E (mV/ AgAGC))

Four isobestic points (269, 313, 329, and 352 nm) are
observed in accordance with the existence of only two
species, the free ligansb and the compleXb-B&*. The
binding constant for the complexation of Baby 5b was
determined by the BenesHildebrand method® A log K
- _ value of 4.9 { = 0.998) was obtained, which is in good
the complex5.b-P't?+ (Elox._ 0.52 V). Therefore A&, = agreement with the value obtained %y NMR titration, and
140 mV, which is the highest value observed so far for : o ; "
ligands based on TTF and can be attributed to the remarkableConflrms the good recognition proper_t m_sﬁtoward B.'é Lo
bindi i f5b for P+ Furthermore. it i In summary, TTF-based macrocyclic ligands devoid of cis/
Inding  properties o - ruriner » 1S trans isomerism have been synthesized. The bis(pyrrolo)-

nﬁ:t\gzéhgﬂ;?z{ dg']t%nsg‘c ;gd r?)éfap%r; ;?Fgg'trlzlctrer?c?ns TTF-crown5b exhibits remarkable high binding affinities,
u " which giv ndi b in its neutral state, toward Pband B&*. Binding constants in

of the release of the metal cation, when the bis(pyrrolo)TTF the range of 19to 10° were obtained from titration studies,

;Jhn:(';r%);;je' )ZGeg;oﬁtrﬁ;\lgagggr'lces\gtﬁéz 'g%ggthcggzggtzfog which correspond to the highest binding constants reported
. X ) so far for a TTF-based ligand. Furthermore, it has been dem-

square spherrféby simulation of the cyclic voltamm?grams onstrated that the binding properties5df can be modified

using a fitting program (DIGIS.IM 3.0 from BAS Inci}.As simply by changing the redox state of the bis(pyrrolo)TTF

expecteq, the binding prope_rﬂes&ij are directly cqrrelated moiety, thereby allowing a controlled uptake (neutsal)

to the oxidation state of the bis(pyrrolo) TTF core. First, though and release (51) of the cation from the ligands cavity. A

lower than evaluated bjH NMR ftitration, a very strong fundamental understanding of such simple redox responsive

i i vt tr 131G canad h dsig of more complicated systems
P y may find applications as new sensors or as novel drug

radical-cation state (log™ = 2.9), and finally, the total ;
expulsion of PB" from 5b at the dicationic statekf™ ~ 0). delivery systems. _
Concurrently,5b also shows good binding properties  Acknowledgment. The SCAS (Angers) is greatly ac-
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the first oxidation potential (i.e AE:™) in the CVs reaches National Science Research Council (SNF), ESF, SMARTON,

a value of 90 mV. Simulated binding constants evaluated in @nd Carlsbergfondet (Denmark).

addition of molar equivalents between 0 and 1, the first redox
process of the bis(pyrrolo)TTF unit is divided into two
different redox systems as a result of the coexistence of the
free ligand5b (anodic peak potentiak;** = 0.38 V) and
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