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Abstract — A novel redox-active thiacalix[4]arene-tetrathiafulvalene assembly 5
was carried out through triethyl phosphite-mediated cross-coupling of the
corresponding two 1,3-dithiole-2-(thi)ones (3 and 4). The structure of
thiacalix[4]arene-tetrathiafulvalene assembly 5 was identified by X-ray diffraction
analysis. Meanwhile, the preliminary electrochemical properties of S was
investigated by cyclic voltammetry (CV) and two one-electron quasi-reversible

waves with redox potentials are observed.

INTRODUCTION

The study of redox-active molecular receptors capable of sensing charged or neutral substrates and
reporting their presence by means of an electrochemical response is an area of intense current interest.'”
Thanks to remarkable electronic properties, the tetrathiafulvalene moiety (TTF) has appeared as a key
building-block for switchable process in various molecular and supramolecular architectures.”'' More
specifically, this system has demonstrated a good ability as a redox-probe in the topic of redox-switchable
ligands.'*'® The binding unit of such redox-active receptors can involve various macrocyclic frameworks.
By the virtue of their versatility and utility in supramolecular chemistry as host molecules, calixarenes
have been considered as relevant structures, which mostly result from an easy access to the basic platform

17-22 . .
Thiacalixarenes have attracted

and a straightforward modification at the lower and upper rims.
considerable interest as an alternative to “classic” calixarenes by providing sites for functionalization not
only on the aromatic rings, but also on the bridging sulfur atoms.”° Considering the redox properties of

TTF and the scaffolding features of the calixarene moiety, several groups have paid special attention in
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joining the two families to produce calixarene-TTF assemblies and to develop new original electroactive
architectures.”’>> We herein describe the synthesis, crystal structure and electrochemical properties of a

novel thiacalix[4]arene-TTF electroactive architecture.

RESULTS AND DISCUSSION

Design and synthesis

Bu’

-

S
+

2

Br

Scheme 1. Conditions and reagents: (a) Na,S/acetone, reflux; (b) P(OEt)s;, 120°C

The synthetic pathway was depicted in Scheme 1. The key thiacalix-thione intermediate 3 was prepared
by cyclocondensation step between the bisfunctionalized dibromo-thiacalix[4]arene derivative 1 *° and
the so-called “zincate” salt (bis(tetracthylammonium)bis(1,3-dithiole-2-thione-4,5-dithiol) zincate,
TEA,[Zn(DMIT),]) 2 *7 in the prsence of Na,S. In this case, the reaction was carried out under high
dilution conditions, and afforded the 1:1 cycloadduct in satisfactory 50% yield. No evidence of higher
cyclocondensation products nor oligomers was observed. The target thiacalix[4]arene-tetrathiafulvalene

' was achieved in 20% yield by the direct self-coupling of thiacalix-thione 3 and

assembly 5
4,5-propylenedithio-1,3-dithiole-2-one 4 **7° mediated by triethylphosphite. The 'H NMR spectra of

compounds 1, 3 and 5 show two singlets for both the Bu'and Ar-H protons, however, the distinction
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between the cone and 1,3-alternate conformers is not easy, because 'H NMR spectra of both conformers
appear the same resonance pattern for the Bu'and Ar-H protons. According to reported research,* the
tetraalkylation of thiacalix[4]arene with bulky alkyl groups at lower rims may immobilize a main
1,3-alternate conformer. As for compounds 1, 3 and 5, their two phenyl rings with methoxy groups freely
rotate along the axis of Ar-S bond. Therefore, their conformation should be in equilibrium between cone

and 1,3-alternate in solution.

Figure 1. Molecular structure of §

X-Ray structure

In order to gain more information about conformational properties, single crystals of compound 5 have
been obtained by the slow evaporation of chloroform-methanol solution at rt and studied by X-ray
diffraction methods. As seen from Figure 1, there are two isomers which both adopt the 1,3-alternate
conformation of thiacalix[4]arene framework. Two TTF units are nearly planar.

Electrochemical behavior

The electrochemical properties of thiacalix[4]arene-tetrathiafulvalene assembly 5 was carried out on a
CHI650 electrochemistry workstation in a dichloromethane-acetonitrile (1/1, v/v) mixture. As expected

1

from the electrochemical inertness of the thiacalix[4]arene platform,*' only the TTF redox signature is
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observed for compound 5, which undergoes the expected two quasi-reversible redox waves at Fox; =
0.603 V and FEox, = 0.896 (vs Ag/AgCl), corresponding to the successive formation of the stable
TTF/TTF" and TTF*/TTE*", respectively ( Figure 2).*

Currenet / pA

0.2 0.4 0.6 0.8 1.0 1.2
Potential / V

Figure 2. CV study of 5 in CH,Cl,/MeCN(1/1), BusNPF4(0.1 M), v = 100 mV/s, Pt (¢ 2 mm), vs
Ag/AgCl

EXPERIMENTAL

All reactions were carried out under nitrogen atmosphere. All dry solvents were prepared according to
standard procedures. Melting points are uncorrected and were determined using a Boetius Block
apparatus (China). 'H(*’C) NMR spectra were recorded at Bruker DPX 400 MHz. IR spectra were
measured on an FT-IR spectrometer Nicolet Avata 350 in KBr. Mass spectra were measured using ESI
technique on Bruker Esquire 3000 spectrometer. Elemental analyses were measured on Carlo-Erba 1106
instruments. X-Ray crystallographic data for 5 was obtained using a Bruker SMART APEX II CCD
diffractometer equipped with graphite monochromated Mo Ko radiation (4 = 0.71073 A) at 291 K. The
structure was solved by direct methods using SHELXS-97 and refined using SHELXL-97 by full-matrix

least-squares methods on F°.*™*

Hydrogen atoms were located from expected geometry and were
isotropically refined by riding model. All non-hydrogen atoms were refined anisotropically except those
of the disordered fragments. The ¢-@ scan was used for absorption correction. Cyclic voltammetry (CV)
experiments were performed on a CHI620C electrochemistry workstation in a three-electrode system

served as Pt working electrode (2 mm, diameter), with Ag/AgCl and platinum wire acting as reference

and counter electrodes, respectively.
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Synthesis of thiacalix-thione intermediates 3

A mixture of dibromo-thiacalix[4]arene 1 (0.26 g, 0.26 mmol), TEA,;[Zn(DMIT),] 2 (0.37 g, 0.52 mmol),
Na,S (0.061 g, 0.78 mmol) in dry THF(100 mL) was refluxed under N, for 72 h. After the solution was
cooled to room temperature, the solvent was evaporated under reduced pressure and the residue was
resolved in CH,CI»(30 mL).The crude mixture was washed with water (2x100 mL) and the organic layer
was dried with Na,SO4and evaporated to dryness under reduce pressure. Upon purification by a silicagel
column chromatography (V(CH,Cl,) / V(petroleum ether) = 1 / 20), pure compound 3 was obtained as
yellow poder in 50% yield. Mp>270 °C. '"H NMR(400 MHz, CDCl;): &: 7.51 (s, 4 H, ArH), 7.23 (s, 4 H,
ArH), 3.88 (t, J=5.87 Hz, 4 H, -OCH,CH>-), 3.22 (s, 6 H, -OCH3), 2.60 (t, J= 7.48 Hz, 4 H,-CH,CH,S-),
1.78~1.74 (m, 4 H, -CH,CH,CH,-), 1.29 (s, 18 H ,C(CH3)3), 1.27 (s, 18 H ,C(CH3)3). *C NMR(125
MHz, CDCls): 8: 212.1, 158.0, 156.2, 146.7, 146.0, 139.5, 131.3, 129.7, 127.3, 125.8, 70.0, 56.7, 34.4,
34.2,31.3,31.2,30.7. IR(KBr, cm™): v: 2961, 2867, 1634, 1459, 1413, 1379, 1263, 1067, 1009, 877, 800,
761; MS-ESI: m/z calculated: 1027.6; found: 1049.5(M+Na—1)+. Anal. Calcd for Cs1HgO4So, C, 59.64; H,
6.09; S, 28.04. Found: C, 59.72; H, 6.15; S, 28.08.

Synthesis of thiacalix[4]arene-tetrathiafulvalene assembly 5

A suspension of thiacalix[4]arene-thione 3 (0.10 mmol) and 4,5-propylenedithio-1,3-dithiole-2-one 4
(0.12 mmol) in freshly distilled triethylphosphite (2 mL) and dry toluene(2 mL ) was heated at 120°C for
6 h, under an N, atmosphere. After cooling to 7z, cold methanol (20 mL) was added and afforded a crude
material which was purified by silicagel column chromatography ((V(CH,Cl,) / V(petroleum ether = 1 /
30). The pure compound 5 was obtained as orange powder in 20% yield. Mp>270 °C. "H NMR (400 MHz,
CDCl3): 6: 7.49 (s, 4 H, ArH); 7.24 (s, 4 H, ArH); 3.81 (t, J= 6.28 Hz, 4 H, -OCH,CH>-), 3.14(s, 6 H,
-OCH;), 2.71 (s, br, 4 H,-SCH,), 2.53 (s, 4 H,-SCH,), 2.40 (s, br, 2 H, -SCH,CH,CH,S-), 1.69 (s, br, 4 H,
-OCH,CH,CH,S-), 1.27 (s, 18 H ,C(CHs)3), 1.24 (s, 18 H ,C(CH3)3). °C NMR(125 MHz, CDCL): &:
157.9, 146.6, 145.9, 130.9, 129.4, 127.7, 126.7, 70.6, 34.3, 34.2, 33.0, 31.4, 31.2, 30.2, 29.7. IR(KBr,
cm™): v: 2960, 2901, 2871, 1630, 1452, 1403, 1371, 1260, 1094, 1020, 801, 706. MS-ESI: m/z calculated:
1200.2; found: 1223.2(M+Na)+. Anal. Calcd for Cs7HegO4S12, C, 56.99; H, 5.71; S, 31.97. Found: C,
56.72; H, 5.83; S, 31.58.

Crystallographic study

X-Ray data for 5: Cs7HgsO4S12, M = 1201.33 g/mol, Triclinic, space group P-1, a = 16.308(8) A, b=
17.039(8) A,c= 25.134(12) A, a= 107.395(6)°, p = 90.393(6)°, y = 111.215(6)°, V' =6161(5) A; 7=2,
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Dc =1.295 g/em’, p = 0.468 mm™, F(000) = 2534, crystal dimensions of 0.23 x 0.19 x 0.18 mm. The final
refinement gave R = 0.0959 and Rw = 0.2851 using 22725 independent reflections (Omax = 25.50, 1368
parameters). The max. and min. difference peaks and holes are 1.485 and -0.522 e-A”, respectively.

Crystallographic data were deposited in CSD under CCDC registration number CCDC No. 769036.
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