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The synthesis of a family of biphenyl-tetrathiafulvalene (TTF) derivatives incorporating a binding site
has been carried out in good to moderate yields through functionalization of the biphenyl scaffold. X-ray
structure of one derivative (compouid)l of the series is provided and shows a dihedral angle 6f 74
around the central ArAr bond of the biphenyl unit in aisoid conformation.!H NMR and cyclic-
voltammetry studies demonstrate the critical importance of the nature of the substitution on the
conformational rigidity and on the electrochemical behavior of the resulting biphenyl-TTF assemblies.
This feature is underlined by an original electrochemical recognition process upon binding™of Pb
correlated to conformational changes occurring upon metal cation complexation.

Introduction used as ligands in catalysisas synthetic ionophores in the
chemistry of biologically active compoundsind in disaccha-
rides recognitiort.In particular, much progress has been made
in the study of conformationally flexible biphenylsdpog in
their application to stoichiometric and catalytic asymmetric
reactions® This reflects the importance of the biphenyl unit in
stereochemical control and justifies the efforts devoted to the
- — designing of new chiral biphenyls, more available than the
lﬁﬂ}&;‘:sﬁde?A‘ﬂg‘;P;T‘"Ca Biomolecolare. configurationally stablertho tetrasubstituted biphenyls. More-
(1) (a) Evans, D. A.; Dinsmore, C. J.; Evrard, D. A.; DeVries, K. M. over, the conformational flexibility of the biphenyl allows

Am. Chem. Socl993 115 6426-6427. (b) Costero, A. M.; Pitarch, M., accommodation of a diversity of functional groups at the 2 and
Andreu, C.; Ochando, L. E.; Amigd. M.; Debaerdemaeker, Tetrahedron y group

1996 52, 669-676. (c) Fabris, F.; De Lucchi, O.; Lucchini, \. Org.

Due to the ability of the biphenyl unit in transmitting
conformational informatiod, considerable interest has been
developed around this structure which is often compared to the
1,2-binaphthalene-2;iol (BINOL) unit. Indeed, among other
applications, biphenyl 2\2isubstituted derivatives have been

Chem.1997 62, 7156-7164. (d) Feldman, K. S.; Sahasrabudhe] KOrg. (2) (a) Jendralla, H.; Li, C. H.; Paulus, Eetrahedron: Asymmetr994
Chem.1999 64, 209-216. (e) Nicolaou, K. C.; Boddy, C. N. C.; Bse, 5, 1297-1320. (b) Harada, T.; Takeuchi, M.; Hatsuda, M.; Ueda, S. Oku,
S.; Winssinger, N.Angew. Chem. Int. Ed1999 38, 2096-2152. (f) A. Tetrahedron: Asymmetr§996 7, 2479-2482. (c) Luo, Z.; Liu, Q;
Fukuyama, Y.; Matsumoto, K.; Tonoi, Y.; Yokoyama, R.; Takahashi, H.; Gong, L.; Cui, X.; Mi, A.; Jiang, YAngew. Chem. Int. EQ002 41, 4532
Minami, H.; Okazaki, H.; Mitsumoto, YTetrahedron2001, 57, 7127 4535,

7135. (g) Capozzi, G.; Delogu, G.; Fabbri, D.; Marini, M.; Menichetti, S (3) (a) Kaneda, T.; Umeda, S.; Tanigawa, H.; MisumiJSAm. Chem.

Nativi, C. J. Org. Chem 2002 67, 2019—2026 (h) Mazaleyarat J-P.; Soc.1985 107, 4802-4803. (b) Costero, A.; Pitarch, M. Org. Chem.
Goubard, Y.; Azzini, M-V.; Wakselman, M.; Peggion, C.; Formaggio, F 1994 59, 2939-2944. (c) Baret, P.; Beaujolais, V.; Bein, C.; Gaude,

Toniolo, C. Eur J. Org. Chem 2002 11232—1247 0] Meyers Al D.; Pierre, J-L.; Serratrice, Geur. J. Inorg. Chem1998 613-619. (d)
Nelson, T. D.; Moorlag, H.; Rawson, D. J.; Meier, Aetrahedron2004 Singh, H.; Sharma, R.; Malik, V.; Kumar, $adian J. Chem., Sect. B:
60, 4459-4473. (j) Bringman, G.; Mortimer, A.; Keller, P.; Gresser, M.;  Org. Chem. Med. Chen2001, 40B, 1104-1107.

Garner, J.; Breuning, MAngew. Chem. Int. EQR005 44, 5384-5398. (k) (4) (a) Dusemund, C.; Mikami, M.; Shinkai, S8hem. Lett1995 157—
Chang, J.; Reiner, J.; Xie, £hem. Re. 2005 105 4581-4609. (I) 158. (b) Baumeister, B.; Sakai, N.; Matile, Aagew. Chem. Int. E200Q
Superchi, S.; Bisaccia, R.; Casarini, D.; Laurita, A.; RosiniJGAm. Chem. 39, 1955-1958. (c) Capozzi, G.; Ciampi, C.; Delogu, G.; Menichetti, S
Soc.2006 128 6893-6902. Nativi, C.J. Org. Chem2001, 66, 8787-8792.
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FIGURE 1. BINOL-TTF derivatives1!? and2.13

2' positions by rotation round the €1 axis without BINOL linked through anE double bond to two tetrathia-
significant increase in torsional strain. fulvalene (TTF) units (compountl, Figure 1)!2 It is the first
The biphenyl unit has also been extensively used in material example of a chiralC; symmetry tetrathiafulvalene dimer,
sciencé but, a part from some examples of biphenyl-doped designed to reach enhanced dimensionality in the corresponding
chiral smectic liquid crystal&-egenerally it works as a simple ~ materials.
spacer or a linker, without taking benefit of the conformational ~ The growing interest in such systems has been also very
peculiarities of this system. recently nicely illustrated by Zhang and Zhu who attached TTF
The solid-state electroconducting and magnetic properties of units at the 2,2and 6,6 positions of enantiopure BINOL, the
the tetrathiafuvalene (TTF)-based materials are well established. latter used as a chiral scaffold (compouddrigure 1)!2 The
Due to its unique electrochemical properties (reversible oxida- authors studied an original modulation of the circular dichroism
tion at low potentials, to stable TTFand TTR* states), the spectrum of such assemblies, monitored by the reversible
tetrathiafulvalene moiety has also appeared in recent years a®xidation of TTF units.
an efficient redox probe in a great variety of supramolecular ~ We thought that 2,20,0-dialkylated biphenyls substituted
systems,and we have been engaged in the designing of various at the 5 and Spositions with TTF units were suitable candidates
redox-responsive receptors involving this redox unit associated to study inter-TTF interactions by tuning of the biphenyl dihedral
to different binding site$. angle. Such control of interactions between redox units allows
Examples of biphenyl-tetrathiafulvalene assemblies have beendesigning of original electroactive receptors whose working
described by J. Becher et ®&lor very recently by T. Mori et mode involves a transmission of a conformational recognition
al** Nevertheless none of the described products exploit the process to an electrochemical signal. A very recent example of
conformational features of the biphenyl scaffold. Recently N. such conformational control has been described with a TTF-
Martin’s group in Madrid reported an interesting example of calixarene assembl. As far as we know, no assemblies
involving TTF units and the biphenyl platform have been
designed in this purpose, although the tuning of dihedral angle

(5) (a) Bdm, C.; Beckmann, O Chirality 200Q 12, 523-525. (b) Imai,

Y.; Zhang, W.; Toshiyuki, K.; Nakatsuji, Y.; Ikeda,J. Org. Chem200Q

65, 3326-3333. (c) Bringmann, G.; Hinrichs, J.; Peters, K.; Peters, E.-M.
J. Org. Chem2001, 66, 629-682. (d) Delogu, G.; Valle, Y. In Recent
Research and Delopments in Organic ChemistriPandalai, S. G., Ed.;
Transworld Research: India 2002; pp-39. (e) Ooi, T.; Uematsu, Y.;
Kameda, M.; Maruoka, KAngew. Chem. Int. EQ2002 41, 1551-1554.

(f) Walsh, P. J.; Lurain, A. E.; Balsells, ©Chem. Re. 2003 103 3297
3344. (g) Mikami, K.; Yamanaka, MChem. Re. 2003 103 3369-3400.
(h) Rozenberg, V. I.; Antonov, D. Y.; Zhuravsky, R. P.; Vorontsov, E. V.;
Starikova, Z.Tetrahedron: Lett2003 44, 3801-3804. (i) Delogu, G.;
Dettori, M. A.; Patti, A.; Pedotti, S.; Forni, A.; Casalone, Getrahedron:
Asymmetry2003 14, 2467-2474. (j) Mikami, K, Yamanaka, MChem.
Rev. 2003 103 3369-3400. (k) Monti, C.; Gennari, C.; Piarulli, U.; de
Vries, J. G.; de Vries, A. H. M.; Lefort, LChem. Eur. J2005 11, 6701
6717. () Mikami, K.; Kakuno, H.; Aikawa, KAngew. Chem. Int. E@005

44, 7257-7260. (m) luliano, A.; Facchetti, S.; Uccello-Baretta,5Org.
Chem 2006 71, 4943-4950.

(6) See, for instance: (a) Percec, V.; Oda, H.; Asandei, ACbem.
Mat. 1999 11, 1890-1906. (b) Schwierz, H.; Vigtle, F. J.Incl. Phenom.
Macr. Chem.200Q 37, 309-329. (c) Hohnholz, D.; Schweikart, K.-H.;
Subramanian, L. R.; Wedel, A.; Wischert, W.; Hanack,3ynth. Met200Q
110, 141-152. (d) Percec, V.; Asandei, A. D.; Zheng, @.Polym. Sci.
Part A: Polym. Chem200Q 38, 3631—-3655. (e) Lemieux, RAcc. Chem.
Res.2001 34, 845-853. (f) McFarland, S. A.; Finney, N. 3. Am. Chem.
Soc 2001, 123 1260-1261. (g) Sarker, A. M.; Ding, L.; Lahti, P. M.;
Karasz, F. EMacromolecule002 35, 223-230. (h) Long, Y-T.; Rong,
H-T.; Buck, M.; Grunze, M.J. Electroanal. Chem2002 524—525 62—
67. (i) Solak, A. O.; Eichorst, L. R.; Clark, W. J.; McCreery, R.Anal.
Chem.2003 75, 296-305. (j) Casalbore-Miceli, G.; Degli Espositi, A.;
Fattori, V.; Marconi, G.; Sabatini, ®hys. Chem. Chem. Phy&004 6,
3092-3096.

(7) For recent reviews, see: (a) Brondstedt Nielsen, M.; Lomholt, C.;
Becher, JChem. Soc. Re 200Q 29, 143-164. (b) Segura, J. L.; Mart
N. Angew. Chem. Int. EQ2001, 40, 1372-1409. (c)Chem. Re. 2004
104, Molecular Conductors (Thematic issue). (d) Otsubo, T.; Takimiya, K.
Bull. Chem. Soc. Jpr2004 77, 43—58. (e) P. Free, P.; Skabara, hem.
Soc. Re. 2005 34, 69—-98.

in flexible ortho—orthd-biphenyls influenced by substituents

(8) Selected recent examples: (a) Jang, S. S.; Jang, Y. H.; Kim, Y. H.;
Goddard, W. A.; Flood, A. H.; Laursen, B. W.; Tseng, H. R.; Stoddart, J.
F.; Jeppesen, J. O.; Choi, J. W.; Steuerman, D. W.; Delonno, E.; Heath, J.
R.J. Am. Chem. So@005 127, 1563-1575. (b) Doddi, G.; Ercolani, G.;
Mencarelli, P.; Piermattei, AJ. Org. Chem 2005 70, 3761-3764. (c)
Cheng, P. N.; Chiang, P. T.; Chiu, S. Bhem. Commur2005 1285—
1287. (d) Liu, Y.; Flood, A. H.; Bonvallet, P. A.; Vignon, S. A.; Northrop,
B. H.; Tseng, H.-R.; Jeppesen, J. O.; Huang, T. J.; Brough, B.; Baller, M.;
Magonov, S.; Solares, S. D.; Goddard, W. A.; Ho, C.-M.; Stoddart, J. F.;
J. Am. Chem. So005 127, 9745-9759. (e) Liu, Y.; Flood, A. H,;
Moskowitz, R. M.; Stoddart, J. RZhem. Eur. J2005 11, 369-385. (f)
Chiang, P.-T.; Cheng, P.-N.; Lin, C.-F.; Liu, Y.-H.; Lai, C.-C.; Peng, S.-
M.; Chiu, S.-H.Chem. Eur. J2006 12, 865-876.

(9) (a) Gorgues, A.; Hudhomme, P.; Sald.; Chem. Re. 2004 104,
5151-5184. (b) TrippeG.; Le Derf, F.; Lyskawa, J.; Mazari, M.; Roncali,
J.; Gorgues, A.; Levillain, E.; SalleM. Chem. Eur. J2004 10, 6497—
6509. (c) Lyskawa, J.; Le Derf, F.; Levillain, E.; Mazari, M.; SalM.;
Dubois, L.; Viel, P.; Bureau, C.; Palacin, &.Am. Chem. So2004 126,
12194-12195. (d) Zhao, B. T.; Blesa, M. J.; Mercier, N.; Le Derf, F.; Salle
M. J. Org. Chem 2005 70, 6254-6257. (e) Zhao, B. T.; Blesa, M. J.;
Mercier, N.; Le Derf, F.; SalleM. New. J. Chem2005 29, 1164-1167.

(f) Blesa, M. J.; Zhao, B. T.; Allain, M.; Le Derf, F.; S4Jls1. Chem. Eur.
J. 2006 12,1906-1914.

(10) Simonsen, K. B.; Thorup, N.; Becher, Synthesisl997 1399-
1404.

(11) Noda, B.; Katsuhara, M.; Aoyagi, I.; Mori, T.; Taguchi, CThem.
Lett. 2005 34, 392-393.

(12) (a) Gomez, R.; Segura, J.; MartiN. Org. Lett.200Q 2, 1585~
1587. (b) Gomez, R.; Segura, J.; MartN. J. Org. Chem200Q 65, 7566~
7574.

(13) Zhou, Y.; Zhang, D.; Zhu, L.; Shuai, Z.; Zhu, D. Org. Chem.
2006 71, 2123-2130.

(14) Lyskawa, J.; SdlleM.; Balandier, J.-Y.; Le Derf, F.; Levillain, E.;
Allain, M.; Viel, P.; Palacin, SChem. Commur2006 2233-35.
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FIGURE 2. Target biphenyl-TTF structures.
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at the 5,5positions has many examples in literattfrédccording IH NMR, as well as the effect of metal cation complexation on

to the nature and the size of the groups on thé @2itions of the electrochemical behavior of these assemblies.

the biphenyl scaffold® we anticipated different electrochemical

responses of the electroactive TTF units bonded at the 5,5 Rasyits and Discussion

positions. In particular, this effect could be amplified with

biphenyl-TTF assemblies bearing a coordinating parton tie 2,2  Synthesis.The access to target compoursdsé involves the

positions and by exploring the consequence of the metal bindingpreparation of a series of 3;Bis(bromomethyl) biphenyl

on the electrochemical response of the TTF unit. derivatives10—12 (Scheme 1). We started the synthesis of the
Here we report on the synthesis, characterization, and precursor¥—9 from commercially available 2/2biphenol. We

electrochemical study of new biphengs6 bearing OR groups  were able to improve yield of biphenglby changing base and

at the 2 and 2positions and two electron-donor tetrathia- solvent compared to the described proceddrélthough

fulvalene units at the 5 and’ Positions (Figure 2). X-ray = compoundl0 has already been describ¥dwe used a more

structure of biphenyl-TTF assemtyis provided. The binding  straightforward procedutgwhich we also applied to biphenyl

properties of these ligands toward metal cations is studied by derivatives11 and 12, which involved the bromomethylation

reaction at the 5;5ositions of biphenyl 2,20,0'-derivatives

(15) (a) Brunow, G.; Karkunen, P.; Lundquist, K.; Olson, S.; Stomberg, using paraformaldehyde and a 30% HBr solution of AcOH, in
R. J. Chem. Crystallogr1995 25, 1—10 (b) M|zutan| T,; Takag| H.;
Hara, O.; Horiguchi, T.; Ogoshi, Hletrahedron Lett1997 38, 1991~
1994. (c) Ruggiero, S. G.; Castellan, A.; Grelier, S.; Nourmamode, A.; (17) Benniston, A.; Harriman, A.; Patel, P. V.; Sams, CEAr. J. Org.
Cotrait, M. J. Mol. Struct.1999 484, 235-248. (d) Walsh, P. J.; Lurain, Chem.2005 4680-4686.

A. E.; Balsells, JChem. Re. 2003 103 3297-3344. (18) Lygo, B.Tetrahedron Lett1999 40, 1389-1392.
(16) Lindsten, G.; Wennerstmg, O.; Isaksson, RJ. Org. Chem1987, (19) Sanfilippo, C.; Nicolosi, G.; Delogu, G.; Fabbri, D.; Dettori, M. A.
52, 547. Tetrahedron: Asymmetrg005 16, 1079-1084.
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SCHEME 2 of the two TTF units which induce a modification in the

2eq M biphenyl conformation (dihedral angle). Most importantly, the

CH3S__s s._S CN presence of a significant AB patterdi€ 12.7 Hz) in biphenyl

R Is SI 5 suggests a rigidity in the system. Although biphebys not
Br O CHsS SCH, atropos the constant coupling value indicates that a conforma-
Rs OR; tional stability is gained at the biphenyl scaffold at least under
Rs OR; 3-6 the experimental NMR conditions. Moreover, such AB pattern

Br. O CsOH.6H,0 2.5 eq, DMF, rt, 3 h

is not observed in the corresponding precursor, biphégyl
Ry where a singlet is observed for benzylic protons, in accordance
with a conformationally flexiblettopog biphenyl and confirm-
ing that TTF units at the 5'%ositions provide rigidity. In
R O R =t R st e addition, it is interesting to note that no AB pattern is observed
4 =-[CH,CH,OJ-Et, R, =H,R3=H . .
12 Ry-R; = -[CH,CH,0l3-CH,CH,-, Ry = H, Ry = H for 3 and4 for which two TTF units are present but no crown-
13 Ry-Rq = -{CH,CH,0]5-CH,CH,-, Ry = OCHg, Ry = Br ether fragment fused on the 2,fositions of the biphenyl
framework is present. Therefore, considering these data, it
the presence of benzyl triethyl ammonium tribromide (BFEA appears that both structural requirements are needed to generate
Brs), at 50°C. a stable conformation of the biphenyl platform, i.e., a fused-
Biphenyls10—12 are conformationally flexible because of crown part at the 2,2positions and two TTF units at the 5,5
the free rotation which occurs around the single bond between positions, and that these elements, considered individually, are
aromatic rings. In order to prepare a conformationally stable not sufficient to promote conformational stability by their own.
biphenyl we also synthesized bipheny! derivath@° (Scheme X-ray Structure of Compound 3. We could obtain single
2) starting fromcreosol(2-methoxy-4-methyl-phenaol). Biphenyl  crystals from slow diffusion of pentane in a dichloromethanic
13is configurationally stable, and thus two enantiomers can be solution of3, and the corresponding X-ray structure was solved
isolated at room temperature. (Figure 3), even though the small size of the crystals (k35
When biphenyl10—13 were treated with 2 equiv of 2-(2-  0.08x 0.03 mn¥) precludes a high quality resolution. A critical
cyanoethylsulfanyl)-3,6,Tris(methylsulfanyltetrathia-  value for biphenyl derivatives lies on the dihedral angle around
fulvalene14?! in the presence of 2.5 equiv of Cs@#,0 in the central G-C bond. The dihedral angle between both phenyl
DMF, biphenyl-TTFs3—6 were obtained, respectively. The rings is 74 in compound3. That means that the phenyl units

10-13

reaction reached completenessih for compound8—5 which are in acisoid conformation (the two TTF units on the one hand,
are obtained in good yields>(72%) whereas for biphenyl3, and the two methoxy groups on the other hand, are located on
a longer time was required and the yield in derivatvdid not the same side of the biphenyl scaffold) and that this conforma-

exceed 29%. All compounds prepared are solid, air stable, andtion is comparable to other examples of 'Xjimethoxy sub-
were easily separated and purified by washing the precipitate stituted biphenyl derivative¥.2* Both TTF mean planes are
with appropriate solvents or by flash-chromatography using the roughly defined in the plane of the aromatic ring on which they

appropriate solvent mixture. The assignment of YHeNMR are grafted. As a consequence, the two TTF skeletons are

signals was simplified in virtue of th€,-symmetry of all approximately arranged orthogonally in the crystal. No signifi-

compounds. cant intermolecular interactions could be observed in this system.
IH NMR Characterization of Biphenyls 3—6. No significant Electrochemical Study (Cyclic Voltammetry). The elec-

differences are observed between chemical shifts of the aromatictrochemical behavior of biphenyl-TTF syste@is6 was studied
protons (biphenyl part) 08—6 (see Supporting Information) by cyclic voltammetry in a 1:1 mixture of methylene chloride

relative to those of the corresponding starting biphenyls and acetonitrile (ByNPFs (0.1 mol L™). As expected, two
13. Thus, an eventual steric or electronic effect induced by TTF redox processes characteristic of the TTF moiety are observed
units on the aromatic protons can be ruled out. at similar potentials in all cases (caE;™ = 0.50 V, B> =

On the contrary, benzylic protons of crown-ether fused 0.85V vs Ag/AgCl). Nevertheless, a noticeable difference is
biphenyls5 and 6 are significantly affected related to their Observed between the 2@substituted biphenyl derivatives
precursorsl2 and 13, respectively, by the introduction of two ~ 3—50n the one hand, and the 2&6-tetrasubstituteé on the
TTF units. This deviation turned out to be very informative in Other hand. For the former compounds, the first redox wave
relation with the conformation adopted by these biphenyl-TTE appears broader than the second redox system (Figure 4a). At
assemblies. CompounaandG possess the same crown-ether E,°%, this behavior is aSSigned to oxidized TTF-dimers where
fragment fused on the 2,2 positions of the biphenyl framework, TTF units are interacting, leading therefore to a broadening of
as well as two TTF units at the 5,fositions. They essentially the first redox wavé? On the contrary, the second redox process
differ by the fact thab (as well as precursdtd) is configura- .(EZOX.), corrgsponding to the formation of a tetracationic species,
tionally stable (2,26,6-tetrasubstituted biphenyl), whereas IS thinner in accordance with independent PTRinits, which
compoundb (as well as precursdr?) should be conformation- ~ €an be explained by repulsive electrostatic interactions between
ally flexible. In fact, an AB system, corresponding to diastereo- Poth dicationic species. Interestingly, the behavior is quite
topic methylene protons (benzylic position), is evidenced in different for compound6. Both redox waves appears very
biphenyl6, as expected for a configurationally stable biphenyl Similar (Figure 4b), which means there is no inter-TTF interac-
(J=13.6 Hz), as well as i13 (J = 10.0 Hz). The increase of
J value in6 compared tdl3 can be attributed to the presence _ (22) Benniston, A. C.; Li, P.; Sams, C. Aetrahedron Lett2003 44,

3947-3949.
(23) Dihedral angle= 67° (ref 23a), 82 (ref 23b): (a) Gerkin, R. E.
(20) Synthesis, characterization, and resolution of compddnlill be Acta Cryst. Sect. 00Q C56, 677-678. (b) Chattopadhyay, D.; Banerjee,
published elsewhere. T.; Majumdar, S. K.; Podder, G.; Kashino, S.; Haisa,Adta Crystallogr.
(21) Lau, J.; Simonsen, O.; Becher,Sknthesisdl995 521—-526. C 1987, 43, 482—-484.
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FIGURE 3. X-ray crystal structure of compourgi

a s 15
— ) g P
— .25 eq Pb*
10 { = 0.5eq Po™
0.75 eq Pb*
— 1| g Pb*
o 5 1
5 &
|4 o
£ 2 0
= =
-5
-10
-8 . . . ;
0.2 0.4 06 0.8 1.0 -15 g ' '
E (V vs Ag/AgCl)
b 10
8 . FIGURE 5. Deconvoluted voltammogram of compou#d10-2 mol
L™Y) in the presence of increasing amounts of'RBb(CIQy),); CH.Cl,/
6 CH3CN (1/1); BuNPF; (0.1 mol L™); 100 mV/s; Pt working electrode,
. diameter 1 mm; V vs Ag/AgCI.
2 . - . . .
ng 4—6, possessing a binding site. By introducing"LNa", or
< 0 K* (TfO™) no noticeable effect was observed on the CV
= 24 response of crown-derivativésand6. Such behavior seems to
be contrary to observations made recently in the literature with
41 the parent compoun@ presenting a good affinity for Na(1:1
%4 complex). In this case, complexation is allowed by the dynamic
character of the dihedral angle in the sodium complex which
-8 : . . . . .
0.2 04 06 08 10 varying around 69 allows the metal cation to be accommodated
’ ’ E .A AqCl ’ ’ in the crown chaid? Such difference between compourls
(V vs Ag/AgCl) and 9 constitutes an additional argument to support a higher
FIGURE 4. Deconvoluted voltammogram; compoun8ga) and6 ”g'd!ty in 5 promoted by the IntI’Odl.JC'[I.On of two TTF units,
(b) (103 mol L~1); CH,CI,/CH:CN (1/1); BuNPFs (0.1 mol L1); 100 leading to a lower ability for N& binding. Interestingly, a

mV/s; Pt working electrode, diameter 1 mm; V vs Ag/AgCl. striking difference is observed for the more flexible podand-
derivative4. In this case, introduction of Pbleads to a change

tions atE;%* in this case. Such result was expected since the in the shape of the voltamogram (Figure 5). Binding ofPb
biphenyl-TTF assembly6 has bulky substituents and it is could be characterized by several observations. Upon introduc-
configurationally stable, which precludes TTF units to be in tion of lead(ll), the first redox waveE;°¥) appears thinner
close contact, at any redox states. This observation illustrateswhich, by analogy with the above-mentioned electrochemical
how the electrochemical behavior of redox-active biphenyl behavior of the configurationally stable compouhds assigned
assemblies can be monitored by the degree of rotation aroundto a progressive disappearing of inter-TTF interactions. There-
the biphenyl axis. fore, the rigidity which is induced by Pb coordination

We have exploited this observation in studying the metal precludes any interactions to occur between both TTF units, a
binding effect on the electrochemical behavior of compounds conformational phenomenon that we could also detect recently
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FIGURE 6. H NMR spectra fo4 (0.014 mol L1 in CDsCI/CDsCN) with increasing amounts of Pb(Pb(CIQy),).

in a calixarene-TTF assembl§. Such conformational re-  how the modulation of the rotation angle in a biphenyl unit can
organization is presumably also responsible of the slight decreasenduce a specific electrochemical response.
observed foE,°%. Interestingly, no more evolution of the shape IH NMR Titration Studies. Considering the above-
of the CV is observed for more than 1 equiv of?Pladded, mentioned electrochemical behavior of compodrid presence
which gives an indication about a 1:1 stoichiometry of the of Pi?*, we also studied the binding ability B NMR titration.
complex. Moreover, we verified that the CV change can be Aliquots of lead(ll) perchlorate in acetonitridy were added
attributed to the binding of Pb in receptor, since no deviation to a solution of4 in a CDCKCDsCN (1/1) mixture. A
was observed for the CV of biphenyl-TTF derivati®edevoid progressive lower field shift of several signalsdofas observed,
of any binding unit, upon introduction of Pb(Cl}2. Finally, in accordance with a fast equilibrium process on the NMR time
no CV change was observed in receptbwhen it was in scale (Figure 6). As expected, the signals which are the most
presence of other cations (LiK*, Ba&"). This fact indicates  affected upon addition of Pb are those corresponding to the
either no complexation of these cations witbr that an eventual ~ polyethylene chaind f, g, where the metal complexation takes
binding is not translated in an electrochemical signal. place. In addition, in the aromatic region, the H3,' l#Botons

The electrochemical recognition process as observed with (signalc) located at the ortho positions of the polyether chain
biphenyl-TTF4 in presence of PY is therefore different from are also significantly affected. Plotting the variation of chemical
the usual case of redox-responsive ligands, for which the boundshifts vs the amount of Pb introduced generates a plateau for
metal cation exerts a direct electrostatic effect on the redox- ca. 1 equiv of metal cation (Figure 7), confirming a 1:1
probe spatially close to the binding site, leading to a shift of stoichiometry for the complex. From these data, and using the
the redox potential®In the present case, the metal binding EQNMR progran?* a K° value of 1342+ 021 js found from
is accompanied by a change in conformation in the assembly,
relayed by the biphenyl scaffold to the redox units and illustrates  (24) Hynes, M. JJ. Chem. Soc. Dalton Tran4993 311-312.
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FIGURE 7. ™H NMR titration curve for4 (0.014 mol L' in CDCly/
CDsCN) (f signal) with increasing amounts of Pb(Pb(CIQ,).).

IH NMR (see Figure 6) (CDGJ CDsCN, 20°C). Noteworthy,
no deviation of théH NMR signals was observed by introduc-
ing K* (triflate) on 4 under similar conditions, which actually
confirms a preference of this binding site for lead(ll) over
alkaline cationg¢

Conclusion

A series of biphenyl-TTF derivatives bearing a binding site

has been synthesized. Synergic steric influence of TTF substit-

uents and crown-ether chain bonded to the biphenyl scaffold
has been observed in conformationally flexible biphenyls by
NMR experiments. This highlights how substituents at the
meta-meta and ortho—orthd positions of the biphenyl are
crucial in the tuning of dihedral angle and therefore in the
preparation of TTF-biphenyl assemblies with electrochemical
recognition behavior. Our study confirms that it is possible to
reach TTF-atropoisomeric assemblies, starting froopos
biphenyl§i™ instead of conformationally stable biphenyls
(atropos) or binaphthyls. In fact electrochemical behavior of

3—6 appears to be strongly dependent on the conformational

flexibility of the molecular assembly. In particular, the Pb
binding ability of one member of the series, compodndould
be electrochemically (CV) addressed through conformational

Delogu et al.

mL) for 15 min. The resulting solution was stirred for 30 min at
room temperature. A solution of the biphenyl (0.100 mmol) in dry
DMF (5 mL) was added. This resulting solution was stirred for 3
h at room temperature and then concentrated in vacuum.

Compound 3.A precipitate is formed, and subsequently, it was
filtrated and washed. The solid was dissolved in dichloromethane
and washed with water. Then, it was dried with MgSénd
evaporated. Finally, it precipited and was washed with cold acetone.
An orange solid3 was obtained in 72% of yield. Mp: 15&. H
NMR (CDCl): 7.27 (d,Jorthe— 8.5 Hz, 2H), 7.17 (bs, 2H), 6.89
(d, Jortho—= 8.5 Hz, 2H), 3.99 (s, 4H), 3.73 (s, 6H), 2.42 (s, 6H),
2.41 (s, 6H), 2.27 (s, 6H}3C NMR (CDCk): 156.6, 132.1, 129.4,
128.4,127.8,127.3,111.1, 55.9, 40.2, 31.0, 19.2. HR-ESIHMIS (
2): Cg4H340,S;6 Caled: 985.8090. Found: 985.8129.

Compound 4.Water was added, and the solution was extracted
with ether. The organic layer was evaporated to give a yellow solid
that was purified by flash chromatography (ethyl acetate/petroleum
ether 1:1) to get the target produtin 75% yield. Mp: 82°C.H
NMR (CDCl): 7.15 (broad dJorino = 9.0 Hz, 2H), 7.13 (broad s,
2H), 6.80 (d,Jortho = 9.0 Hz, 2H), 4.00 (tJ = 8.5 Hz, 4H), 3.96
(bs, 4H), 3.62 (tJ = 8.5 Hz, 4H), 3.39-3.45 (series of m, 12H),
2.48 (bs, 18H), 1.12 (] = 9.0 Hz, 6H).13C NMR (CDCk): 155.9,
132.4,129.3,128.5,128.1, 112.3, 70.9, 69.9, 68.5,69.7, 66.7, 19.3,
15.3.1H NMR (C¢Dg): 7.31 (d, 2HJmeta= 2.4 Hz, 2H), 7.09 (dd,
Jmeta= 2.4 Hz,Jortho = 8.8 Hz, 2H), 6.58 (dJortno = 8.8 Hz, 2H),
3.83 (s, 4H), 3.79 (1) = 4.8 Hz, 4H), 3.46 (tJ = 4.8 Hz, 4H),
4.12—-3.28 (series of m, 12H), 1.89 (s, 6H), 1.87 (s, 6H), 1.86 (s,
6H), 1.10 (t,J = 7.2 Hz, 6H). HR-ESI-MS1tV2): Cy4H5406S16Na
Calcd: 1212.9350. Found: 1212.9399 (MNa)*.

Compound 5.A precipitate is formed, and subsequently, it was
filtrated and washed. The solid was redisolved in dichloromethane
and washed with water. Then, it was dried with MgSénd
evaporated. Finally, it precipitated and was washed with cold
acetone. A yellow solid was obtained in 81% of yield. Mp: 161
°C.H NMR (CDCl): 7.24 (dd,Jmeta= 2.0 Hz, Jortno = 8.5 Hz,
2H), 7.13 (d,Jmeta= 2.0 Hz, 2H), 6.88 (dJortno = 8.5 Hz, 2H),
4.18 (m, 2H), 3.99 (AB, 4HJ) = 12.7 Hz), 3.96 (m, 2H), 3.80 (m,
2H), 3.73-3.68 (series of m, 4H), 3.613.56 (series of m, 6H),
2.42 (s, 6H), 2.41 (s, 6H), 2.27 (s, 6HJC NMR (CDCE): 155.8,
131.9,129.0,128.2,128.1, 127.3, 127.0, 124.7, 111.7, 110.8, 109.9,
70.8, 70.6, 69.4, 67.7, 39.9, 19.0, 18.9.

MS (Maldi-tof): m/z1116.19. HR-ESI-MSn{Y2): Cy0H440sS;6Na
Calcd: 1138.8880. Found: 1138.8925 (MNa)'.

Compound 6.The crude was evaporated. The solid residue was
dissolved in dichloromethane, washed with water, and then dried
with MgSQ,. After removing the dichloromethane, a silica gel
column was carried out (a. DCM; b. DCM:MeOH 10:0.17, c. DCM,
MeOH 10:0.20) to get the target prod&in 29% of yield. Mp:

modifications relayed by the biphenyl scaffold. Such architec- g5°c. 14 NMR (CDCly): 6.91 (s, 2H), 4.23 (m, 2H), 4.11 (AB,
tures constitute a suitable model to study long-distance confor-4H, J = 13.6 Hz), 3.96 (m, 2H), 3.84 (s, 6H), 3.69 (m, 2H), 3:65
mational effects monitored electrochemically. Extension of this 3.56 (series of m, 4H), 3.543.42 (series of m, 6H), 2.44 (s, 6H),
work to design new responsive receptors is under investigation.2.42 (s, 6H), 2.31 (s, 6H}3C NMR (CDCk): 151.4, 146.2, 134.4,
131.1,131.5,127.4,127.2,123.5, 116.8, 114.1, 111.6, 110.8, 71.6,
70.9, 70.1, 69.7, 55.9, 41.6, 19.3, 19.2. MS (Maldi-tofyvz
1331.57. HR-ESI-MSn{V2): C4H46Br,0;S;6 Caled: 1331.7142.
Found: 1331.7179.

Compound 8. A solution of KOH (0.74 g, 13.2 mmol) in O
(8 mL) was added at €C to a solution of 2,2biphenol (1.1 g, 6
mmol) in THF (50 mL). The resulting solution was stirred for 30
min at room temperature. A solution of diethylenglicol mono-
ethylethelO-tosylate (3.8 g, 13.2 mmol) in THF (50 mL) was added.
This resulting solution was stirred for 12 h at 8G and then
concentrated in vacuum. Water was added, and the solution was
extracted with ether. The organic layer was evaporated to give a
yellow oil that was purified by flash chromatography (petroleum
ether/dichloromethane: 1/1) to get the target pro8unt81% yield.
IH NMR (CDCly): 7.29-7.24 (series of m, 4H), 6.98 (ddpeta=
1.0 Hz,Jortho = 7.6 Hz, 2H), 6.93 (ddJmeta= 0.9 HZ,Jornio = 8.1
Hz, 2H), 4.08 (tJ = 5.6 Hz, 4H), 3.69 (tJ = 5.2 Hz, 4H), 3.56-

Experimental Section

X-ray Structural Data. Crystal data foB: CzsH340,S:6, My =
987.57, monoclinic, space grol2:/c, a = 11.3922(9) Ab =
7.8682(5) A,c = 48.276(7) A5 = 95.37(1}, V = 4308.3(8) A3
Z = 4, pcalc= 1.523 gcm?, u (Mo Ka) = 0.835 mn1?, F(000)
= 2040, crystal dimensiors 0.35 x 0.08 x 0.03 mn3, fmin =
1.8C°, Omax = 25.84, 15429 reflections collected, 4975 unique
(Rnt = 0.122), restraints/parameters 0/209, R1 = 0.0913 and
WR2 = 0.2047 using 1383 reflections with> 2¢(1), R1 = 0.2591
andwR2 = 0.2572 using all data, GOE 0.783,—0.844< Ap <
0.900 e A3,

Preparation of Compounds 3-6, General Procedure. A
solution of CsOH6H,0 (0.250 mmol) in dry MeOH (2 mL) was
added, under } to a solution of the 2-(2-cyanoethylsulfanyl)-3,6,7-
tris(methylsulfanyltetrathiafulvalene (0.200 mmol) in dry DMF (10

9102 J. Org. Chem.Vol. 71, No. 24, 2006



Electroactve G, Symmetry Receptors

JOC Article

3.43 (series of m, 12H), 1.18 (fl = 6.8 Hz, 6H).13C NMR 45% yield.'H NMR (CDCl): 7.31 (d,Jmewa= 2.0 Hz, 2H), 7.28
(CDCly): 156.6, 131.9, 128.6, 128.5, 120.7, 112.6, 71.2, 70.1, 69.9, (dd, Imeta= 2.0 HZ,Jortho = 8.4 Hz, 2H), 6.88 (dJortho = 8.4 Hz,
68.8, 66.80, 15.4. 2H), 4.49 (s, 4H), 4.07 (t) = 5.2 Hz, 4H), 3.69 (tJ = 5.2 Hz,

Compound 9. Into a tree round-bottom flask containing a 4H), 3.43-3.50 (series of m, 12H), 1.16 @,= 7.2 Hz, 6H).13C
suspension of KCO; (5.4 g, 39.0 mmol) in dry DMF (200 mL), a NMR (CDCl): 156.5, 132.8,129.9, 129.7, 127.7, 112.6, 71.2, 70.1,
solution of 2,2 biphenol (0.73 g, 3.90 mmol) in dry DMF (60 mL)  69.8, 68.7, 66.8, 34.3, 15.4.

and a solution of tetraethylene glycol ditosylate (2.00 g, 3.90 mmol)  Compound 12. The crude product was purified by flash

in dry DMF (60 mL) were added simultaneously and very slowly - chromatography using a 1:1 mixture of petroleum ether:ethyl acetate
under N. The reaction mixture was stirred at 3G for 1 day. as eluent to givel2 as white solid (0.47 g, yield 59%)H NMR
Then water was added and the organic phase extracted with ethylcDCl,): 7.34 (d,Jpneta= 2.0 Hz, 2H), 7.23 (ddJmea= 2.0 Hz,
ether (50 mLx 3), dried over NgSQO;, and evaporated to dryness. 3 . = 8.4 Hz, 2H), 6.93 (dJoo = 8.4 Hz, 2H), 4.53 (s, 4H).

A colorless oil was recovered that was purified by flash chroma- 13c NMR (CDCL): 156.4, 131.8, 129.4, 129.1, 127.8, 112.6, 70.8,
tography using a 2:1 mixture of petroleum ether:ethyl acetate as 70,6, 69.6, 68.8, 35.4.

eluent to gived as solid (0.520 g, yield 39%JH NMR (CDCls):
7.30 (tdd,Jmea = 1.7 HZ, Jono = 8.0 Hz, 2H), 7.15 (ddJmeta =
1.7 Hz,Jortho = 7.4 Hz, 2H), 6.99 (tddJmeta= 1.0 HZ,Jothio = 7.4
Hz, 2H), 6.99 (ddJmeta= 1.0 Hz, Jono = 8 Hz, 2H), 4.22-3.54
(series of m, 16H)13C NMR (CDCk): 156.5, 131.8, 128.9, 128.3,
120.7, 113.2, 70.9, 70.6, 69.7, 68.9.

General Procedure of Bromomethylation Reaction.To a
solution of 2,2-0,0-dialkylated-biphenyl7-10 (1 equiv) in acetic
acid (0.77 M) was added with vigorous magnetic stirring, HBr (33%  Acknowledgment. Researcher exchanges between both
in acetic acid, 4.1 equiv), benzyltriethylammonium tribromide (0.02 laboratories have been partly funded by a PAI Galileo (No.
equiv), and paraformaldehyde (2 equiv). The solution was stirred 06977VG) as well by as by the COST D31 Action which are
at 50°C for 1 h, then water and a saturated acqueous solution of acknowledged. M.S. thanks the Institut Universitaire de France
NaS,0s were added to the mixture. The organic phase was (IUF) for its financial support. Dr. D. Rondeau (Service

Compound 13.The solid was purified by flash chromatography
(acetone/petroleum ether: 1/2) to get the target protldat 44%
yield. Mp: 144°C.H NMR (CDCly): 7.06 (s, 2H,), 4.65 (ABJ
= 10.0 Hz, 4H), 4.32 (m, 2H), 3.98 (m, 2H), 3.89 (s, 6H), 340
3.70 (series of m, 12H}.3C NMR (CDCk): 151.9, 147.0, 134.4,
132.2, 116.9, 114.1, 71.9, 70.8, 70.1, 69.8, 56.0, 35.1.

extracted with dichloromethane, dried over,8@&, and evaporated
to afford a colorless solid or a colorless oil.

Compound 10.The oil was purified by flash chromatography
(ethyl acetate/petroleum ether: 1/1) to get compol@ds a white
solid (2.31 g, 50% yield*H NMR (CDCly): 7.37 (dd,Jneta= 2.4
Hz, Jortho = 8.4 Hz, 2H), 7.28 (dJmeta = 2.4 Hz, 2H), 6.93 (d,
Jortho = 8.4 Hz, 2H), 4.53 (s, 4H), 3.78 (s, 6HFC NMR (CDCk):
34.2,56.0, 111.4, 127.7, 129.7, 129.8, 132.5, 157.3.

Compound 11.The oil was purified by flash chromatography
(ethyl acetate/petroleum ether: 1/1) to get the target prabiLiot

Commun d’Analyses Spectroscopiques) is gratefully acknowl-
edeged for performing HRMS.

Supporting Information Available: X-ray crystallographic data
(Cif files) of compound3. 'H NMR and 3C NMR spectra for
compound$8—6 as well as additional experimental synthetic details.
This material is available free of charge via the Internet at
http://pubs.acs.org.
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