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Abstract—The synthesis of 4,5-ethylenedithio-4’-[6-deoxy-B-cyclodextrin-6-yl-aminocarbonyl]-tetrathiafulvalene 3 is reported. Domi-
nantly, the structure of 3 has been established on the basis of mass spectrometry, ROESY and 'H NMR spectra, combined with a theoretical
MM3 study, indicating an ‘open-cavity structure’. The sensing ability of 3 and the formation constant of the complex [(3)-(1-adamantanol)]
have been evaluated experimentally by UV—vis spectroscopy and theoretically by the MM3 docking procedure method.

© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

During the past decade much effort has been devoted to de-
veloping analysis systems for the detection of chemical and
biological compounds, without any modification of the ana-
lytes.'™ Some chemically modified cyclodextrins (CDs)
form relatively stable host-guest complexes, due to their
inclusion capability, with a large variety of organic com-
pounds.®’ Such derivatives might be useful for constructing
molecule-sensing systems.®~!3 In previous papers we re-
ported the synthesis'*'7 and sensing abilities'®!° towards
volatile organic compounds (VOC) of a new class of fluores-
cent sensors based on B-cyclodextrin fragment (B$-CD)
and indolizine unit. On the other hand, electrochemical
sensors based on tetrathiafulvalene (TTF), a redox active
unit extensively studied in the field of conducting molecular
materials,? and various receptors such as crown ethers,?!
calix-arenes?? or calix-pyrroles>* have proved their efficiency
in the sensing of anions or metallic cations. Therefore, the co-
valent association of the cyclodextrin platform with a TTF de-
rivative appears to be particularly attractive in the prospective
of controlling the host TTF—cyclodextrin—guest interaction
through an electrochemical switch. At our knowledge, only
two reports in the literature deal with covalent TTF-
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cyclodextrin derivatives,?* prepared as precursors for Lang-
muir—Blodgett films, whereas inclusion TTF-cyclodextrin
complexes have been used as mediators in the glucose—glu-
cose oxidation reaction.’> We report herein the synthesis
and characterization of a new type of sensor consisting of
B-CD and TTF units covalently linked, together with its
sensing ability towards the 1-adamantanol.

2. Results and discussion
2.1. Synthesis

The covalent link between the B-CD and TTF units has been
performed upon reaction of 6-deoxy-6-aminocyclodextrin
1°° and 4,5-ethylenedithio-4'-chlorocarbonyl-tetrathiaful-
valene (EDT-TTF-COCI) 2 in homogenous phase in dry
DMEF, under argon, thus providing the mixed B-CD-TTF de-
rivative 3 (Scheme 1). Indeed, the reaction of 2 with various
primary amines has been described as a straightforward
method for the preparation of EDT-TTF-amides.?’ The
chemical structure of 3 has been established by NMR and
mass spectra. In the latter, the presence of [M*+23] at
1477 and [B-CD+CO+23]* at 1185 fragments prove un-
doubtedly the proposed molecular structure. In order to
assign all the chemical shifts of the protons, the 'H NMR
spectra have been performed in two different solvents,
e.g., DMSO-dg and D,O. The ROESY 2D spectrum, mea-
sured in D,O, shows clearly the lack of interaction between
the TTF fragment and the CD cavity, very likely because of
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the short covalent link between the TTF and the CD, thus
preventing the inclusion of the former in the latter.
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Scheme 1. Synthesis of 4,5-ethylenedithio-4'-[6-deoxy-B-cyclodextrin-6-
yl-aminocarbonyl]-tetrathiafulvalene 3.

2.2. Inclusion of 1-adamantanol

The evaluation of the host inclusion ability towards 1-ada-
mantanol has been carried out by UV—vis spectroscopy com-
bined with the well-known direct titration method. For a 1:1
molar ratio, the calculation of the formation constant K; was
developed as follows:

HOST + GUEST —— HOST/GUEST

_ [HOST/GUEST] (1)
'~ [HOST]'[GUEST]

[HOST/GUEST] 2)

K= ([GUEST], — [HOST/GUEST]) — ([HOST], — [HOST/GUEST])

[HOST/GUEST) = — %\/ [(Ki + [HOST],; + [GUEST]T>2 — 4[HOST]{[GUEST],

+ % (Ki + [HOST], + [GUEST]T> (3)
f

where K; and T stand for formation constant and total, re-
spectively. For a given value of K; the [HOST/GUEST] con-
centration is known, thus allowing the calculation of the
molecular absorptivity of the inclusion compound. An algo-
rithm treatment was then applied to minimize the difference
of the spectral characteristics over the various solutions.

The absorbance of the host was recorded in function of dif-
ferent concentrations of the added guest. The spectral varia-
tions, although weak, lead to well defined isobestic points.
The data fit well with a 1:1 binding isotherm, especially
for the 265-280 nm range concerned by the strongest
spectral modifications. The resulting value of the formation
constant, amounting at 1538 M~!, shows that the newly
synthesized B-CD-TTF derivative still possesses inclusion
properties, which could eventually vary upon changing the
TTF oxidation state (Figs. 1 and 2).

2.3. Molecular modelling

The docking of the guest (1-adamantanol) with respect to the
locked B-CD unit has been performed using three dummy
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Figure 1. First derivative of the UV spectra of the TTF modified B-cyclo-
dextrin in the absence and presence of increasing concentrations of 1-ada-
mantanol.
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Figure 2. Adjustment, in function of the guest concentration, between the
experimental area of the first derivative of absorbance (discrete points)
and the theoretical values (continuous line) according to a 1:1 equilibrium.

atoms, in such a way that the molecule of 1-adamantanol
crosses the cyclodextrin ring while making a continuous
rotation (Fig. 3).

Two regiochemical ways E1 and E2 have been considered.
By A and B are notified the two atoms from 1-adamantanol
taken into account in defining distances A-D2 and B-D2,
also the dihedral angles A-D1-D2-D3-D4 and B-D1-D2-D3.

Ef A 1-adamantanol B

Figure 3. Docking and regiochemical ways.
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Figure 4. Complex CD-TTF(3)-1-adamantanol.

The most stable configuration of the inclusion complex
CD-TTF 3 with the 1-adamantanol, obtained by the MM3
method, is shown in Figure 4.

The computed complexation energy AE, corresponding to
the difference between the potential energy of the inclusion
complex and the sum of their individual components in their
optimized ground states, amounts at —10.92 Kcal/mol. Such
a value is in good agreement with those for other host-guest
complexes.!*?8

3. Conclusions

A water soluble B-cyclodextrin—-TTF derivative has been
synthesized and characterized. Its inclusion properties to-
wards the guest 1-adamantanol have been experimentally
and theoretically determined. The compound described
herein represents the first step in the elaboration of a new
class of water soluble electroactive sensing systems. The
inclusion of other molecules, as well as the TTF electro-
chemical response, is currently under investigation in our
groups.

4. Experimental
4.1. General comments

'H NMR spectra were recorded with a Bruker AM 400 spec-
trometer with tetramethylsilane (TMS) as an internal stan-
dard. Chemical shift values 6 are reported in parts per
million and coupling constants J are in hertz. The following
abbreviations have been used: s (singlet), d (doublet), m
(multiplet), C (cyclodextrin). Mass spectra were measured
using a Platform II Micromass Apparatus. IR spectra were
recorded on a Perkin—Elmer instrument. Melting point was
obtained with a Reichert Thermopan apparatus and is uncor-
rected. Chromatographic separation was carried out on
Sephadex G15.

4.2. Synthesis of 4,5-ethylenedithio-4'-[6-deoxy--cyclo-
dextrin-6-yl-aminocarbonyl]-tetrathiafulvalene 3

In a 100-mL round-bottomed flask 0.567 g (0.5 mmol) 6-de-
oxy-6-aminocyclodextrin (1) was dissolved in dry DMF
(35 mL). Then, 0.178 g (0.5 mmol) solid 4,5-ethylene-
dithio-4'-chlorocarbonyl-tetrathiafulvalene was gradually
added under stirring. To the stirred reaction mixture pyridine
(0.08 mL) in DMF (5 mL) was added over a period of 15 min
using a dropping funnel. Stirring under argon and warming
(65 °C) of the reaction mixture were continued for 14 h.
After cooling the mixture was poured drop wise into acetone
(100 mL). The resulting precipitate was collected and
washed with acetone. The crude solid was dissolved in dis-
tilled water (50 mL), filtered and then concentrated to pro-
vide 10 mL of solution, which was purified on a Sephadex
G-15 column to give the compound 3 as a yellow-orange
powder. Yield 47%. Mp=220 °C, dec. IR (KBr, cm™'):
3390, 1634 (vc—o), 1385, 1156, 1029. 'H NMR (DMSO-
de): 0 7.99 (m, 1H, NH), 6.69 (s, 1H, =CH), 5.92-5.75 (m,
14H, -OH-2¢, —OH-3¢), 4.98-4.80 (m, 7H, H-1¢), 4.60—
442 (m, 8H, —-O-CH,c—, —OH-6¢), 3.85-3.10 (m, 44H,
H-2¢, H-4¢, H-3¢, H-5¢, H-688, S-CH,—CH,-S). 'H
NMR (D,0): 6 8.01-7.85 (m, 1H, NH), 7.03 (s, 1H,
=CH), 5.05-4.90 (m, 7H, CH-1¢), 4.74-4.63 (H,O+-OH
2¢,3¢,6¢), 3.97-3.73 (m, 28H, CH-3¢,5¢,6cB), 3.57-3.51
(m, 14H, CH-2¢,4¢), 3.53-3.44 (m, 4H, S—-CH,—CH»-S).
MS (ES*, cone 40) m/z (%): 1447 (M+23) (15%), 1157
(CD-6-yl-NH+23) (80%), 1185 (CD-6-yl-NH-CO+23)
(100%). Anal. calcd for C5;H75NO55S4: C, 42.11; H, 5.20;
S, 13.23. Found: C, 40.56; H, 4.85; S, 12.64.

4.3. UV-vis spectroscopy

Spectra were recorded at 298 K using a Perkin—Elmer
Lambda 2S double beam spectrometer and a quartz cell
with optical path length of 1 cm. The compounds were dis-
solved in phosphate buffer at pH 5.8. All spectra were used
in the derivative form in order to avoid the influence of
diffraction on the titration experiment.

4.4. Molecular modelling

Compound 3 and 1-adamantanol were built starting from
data provided by the Cambridge Structural Data Base
Center. The structural manipulations on B-CD were made
using the CAChe library?® on PC-Computer. The study of
compound 3 was performed by applying a general procedure
of multiconformational search with the MM3 force field.*®
The potential energy variation (AE) depending on the varia-
tion of the dihedral angles (defined between the TTF and
cyclodextrin moieties) is recorded with rotational incre-
ments of 15°. The minimum value of AE is chosen according
to the curve scribing. The analysis was developed taking into
account all the exocyclic single bonds in the compound 3.
Then, the docking of the guest (1-adamantanol) with respect
to the locked B-CD unit has been performed using three
dummy atoms, one centrally placed in the inner cavity of
the cyclodextrin ring and the two others in opposite sites
towards the guest (Fig. 3). Two parameters, i.e., the host/
guest distance and the orientation of 1-adamantanol inside
the cyclodextrin cavity, are submitted to systematic
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variations (0.1 A for the distance, 10° for the dihedral), the
energy being evaluated by MM3. The resulting conforma-
tions are minimized at each step of the docking simulation,
thus allowing the remaining intermolecular variables to be
taken into account.

Acknowledgements

Financial supports from the CNRS, Ministere de I’Education
et de la Recherche (grant for C.R.), University of Angers and
University of Dunkerque are gratefully acknowledged.

References and notes

1. Ueno, A. Supramol. Chem. 1996, 31-36.

2. Dunbar, R. A.; Bright, F. Supramol. Chem. 1994, 93-99.

3. Narita, M.; Hamada, F. J. Chem. Soc., Perkin Trans. 2 2000,
823-832.

4. Matsumura, S.; Sakamoto, S.; Ueno, A.; Mihara, H. Chem.—
Eur. J. 2000, 1781-1788.

5. Hossain, A.; Matsumura, S.; Kanai, T.; Hamasaki, K.; Mihara,
H.; Ueno, A. J. Chem. Soc., Perkin Trans. 2 2000, 1527-1533.

6. Connors, K. A. Chem. Rev. 1997, 97, 1325-1357.

7. Uekama, K.; Hirayama, F.; Irie, T. Chem. Rev. 1998, 98, 2045—
2076.

8. Lehn, J. M. Supramolecular Chemistry; Wiley-VCH:
Weinheim, 1995.

9. Chen, C.; Wagner, H. Science 1998, 279, 851-853.

10. De Silva, A. P.; Gunaratne, H. Q. N.; Gunnlaugsson, T.;
Huxley, A. J. M.; McCoy, C. P; Rademacher, J. T.; Rice,
T. E. Chem. Rev. 1997, 97, 1515-1566.

11. Prodi, L.; Bollete, F.; Monalti, M.; Zaccheroni, N. Coord.
Chem. Rev. 2000, 205, 59-83.

12. James, T. D.; Samanjurama Sandanayake, K. R. A.; Sinkai, S.
Angew. Chem., Int. Ed. 1996, 1911-1922.

13. Tong, A. J.; Yanauchi, A.; Hayashita, T.; Zang, A. Y.; Smith,
B. D.; Teramae, N. Anal. Chem. 2001, 73, 1530-1536.

14. Lungu, N. C.; Depret, A.; Delattre, F.; Surpateanu, G. G.;
Cazier, F.; Woisel, P.; Shirali, P.; Surpateanu, G. J. Fluorine
Chem. 2005, 126, 393-396.

15. Becuwe, M.; Delattre, F.; Surpateanu, G. G.; Cazier, F.; Woisel,
P.; Gargon, G.; Shirali, P.; Surpateanu, G. Heterocycl. Commun.
2005, 11, 355-360.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

Delattre, F.; Woisel, P.; Surpateanu, G.; Bria, M.; Cazier, F,;
Decock, P. Tetrahedron 2004, 60, 1557-1562.

Delattre, F.; Woisel, P.; Surpateanu, G.; Cazier, F.; Blach, P.
Tetrahedron 2005, 61, 3939-3945.

Landy, D.; Surpateanu, G. G.; Fourmentin, S.; Blach, P;
Decock, P.; Surpateanu, G. Internet Electron. J. Mol. Des.
2005, 4, 545-555.

Delattre, F.; Woisel, P.; Bria, M.; Surpateanu, G. Carbohydr.
Res. 2005, 340, 1706-1713.

(a) Segura, J. L.; Martin, N. Angew. Chem., Int. Ed. 2001, 40,
1372-1409; (b) Yamada, J.-1. TTF Chemistry: Fundamentals
and Applications of Tetrathiafulvalene; Springer: Berlin and
Heidelberg, 2004.

(a) Le Derf, F.; Mazari, M.; Mercier, N.; Levillain, E.; Trippé,
G.; Riou, A.; Richomme, P.; Becher, J.; Garin, J.; Orduna, J.;
Gallego-Planas, N.; Gorgues, A.; Sallé, M. Chem.—Eur. J.
2001, 7, 447-455; (b) Blesa, M.-].; Zhao, B.-T.; Allain, M.;
Le Derf, F.; Sallé, M. Chem.—Eur. J. 2006, 12, 1906-1914.
(a) Zhoa, B.-T.; Blesa, M.-J.; Mercier, N.; Le Derf, F.; Sallé, M.
J. Org. Chem. 2005, 70, 6254—6257; (b) Zhao, B.-T.; Blesa,
M.-J.; Mercier, N.; Le Derf, F.; Sallé, M. New J. Chem. 2005,
29, 1164-1167; (c) Zhao, B.-T.; Blesa, M.-J.; Mercier, N.; Le
Derf, F.; Sallé, M. Supramol. Chem. 2005, 17, 465-468.
Nielsen, K. A.; Jeppesen, J. O.; Levillain, E.; Becher, J. Angew.
Chem., Int. Ed. 2003, 42, 187-191.

(a) Le Bras, Y.; Sallé, M.; Leriche, P.; Mingotaud, C.;
Richomme, P.; Moller, J. J. Mater. Chem. 1997, 7, 2393—
2396; (b) Sallé, M.; Le Bras, Y.; Andreu, R.; Leriche, P;
Mingotaud, C.; Gorgues, A. Synth. Met. 1998, 94, 47-48.

(a) Zhao, S.; Luong, J. H. T. Anal. Chim. Acta 1993, 282, 319—
327; (b) Schmidt, P. M.; Brown, R. S.; Luong, J. H. T. Chem.
Eng. Sci. 1995, 50, 1867-1876.

Hamasaki, A.; Ikeda, H.; Nakamura, A.; Ueno, A.; Toda, F.;
Suzuki, I.; Osa, T. J. Am. Chem. Soc. 1993, 115, 5035-5043.
(a) Heuzé, K.; Fourmigué, M.; Batail, P. J. Mater. Chem. 1999,
9, 2373-2379; (b) Devic, T.; Avarvari, N.; Batail, P. Chem.—
Eur. J. 2004, 10, 3697-3707.

Guo, Q.-X.; Luo, S.-H.; Liu, Y.-C. J. Inclusion Phenom. 1998,
30, 173-182.

CAChe, Work System, 6.01, 2003.

(a) Surpateanu, G. G.; Vergoten, G.; Surpateanu, G. J. Mol.
Struct. 2000, 526, 143-151; (b) Surpateanu, G. G.; Vergoten,
G.; Surpateanu, G. J. Mol. Struct. 2001, 559, 263-271; (c)
Surpateanu, G. G.; Delattre, F.; Woisel, P.; Vergoten, G.;
Surpateanu, G. J. Mol. Struct. 2003, 645, 29-36.



	Synthesis and inclusion capability of a beta-cyclodextrin-tetrathiafulvalene derivative
	Introduction
	Results and discussion
	Synthesis
	Inclusion of 1-adamantanol
	Molecular modelling

	Conclusions
	Experimental
	General comments
	Synthesis of 4,5-ethylenedithio-4prime-[6-deoxy-beta-cyclodextrin-6-yl-aminocarbonyl]-tetrathiafulvalene 3
	UV-vis spectroscopy
	Molecular modelling

	Acknowledgements
	References and notes


