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ABSTRACT

coC,

Rod-shaped 2,3-di-alkoxytetracenes, soluble in common organic solvents, have been synthesized and studied for their gelling ability in organic
solvents and their unusual UV —visible spectroscopic properties.

The physical properties of linear polycyclic aromatic hy- Such a property was observed with 2,3nrddecyloxyan-
drocarbons (anthracene, tetracene, and pentacene) that atbracene (DDOA) as described in recent publicatibmbe
poorly soluble in common organic solvents have been most substitution in 2,3 positions by alkoxy chains such ag-O-
often studied in the solid statddowever, for some applica- CioH»; and O-n-GgHss would lead to didecyloxytetracene
tions where deposition on surfaces or introduction into ma- (DDOT) and dihexadecyloxytetracene (DHDOT) of rodlike
trixes is required, it is advantageous to use soluble deriva-shape and nanometer size (ca. 2.7 and 3.4 nm in the extended
tives. This approach was explored recently by the synthesisform, respectively), see Scheme 1. When we started our
of novel 5,12-disubstituted and 5,6,11,12-tetrasubstituted tet-
racenesthat showed an improved solubility in organic sol- _
vents and eIectrqumlnescgnt properties in homogeneous fllms. Scheme 1. 2,3-Di-n-alkoxytetracenés
These interesting properties were attributed to aggregation
involving 7 interaction between adjacent molecules, as was 112 2 OR
attested by the X-ray structure of 5,12-dimethoxy-6,11-bis-
(triisopropylsilylethynyl)tetracene single crystals.

To enhance the stacking ability of tetracenes, we have 6 5 3 OR
substituted the lateral rings to obtain elongated structures,
capable of self-aggregation along the long axis of the nucleus. 2DDOT: R = nCyjoHz;. DHDOT: R = nCieHaa.
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of the conventional methoglattempted met with success in

the last step and protect the phenol groups as methoxy ethers,

our hands, and an original synthetic pathway had to be devel-stable in basic media. The strategy consisted of starting from
oped. The products failed to crystallize and formed gels in a 1,4-dihydroxy-6,7-dimethoxynaphthalen8) (as the main
variety of poor solvents, at ambient temperature, as anticipatedbuilding block and constructing 2,3-dimethoxytetracene-

Here we report the synthesis of 2,3-ddacyloxytetracene
(DDOT) and 2,3-di-n-hexadecyltetracene (DHDOT) and
describe their gelling ability as well as some distinct
spectroscopic properties attesting to thiateraction between
the molecules in the aggregates.

As outlined in Scheme 2, DDOT and DHDOT have been

Scheme 2. Synthetic Pathway to 2,3-Di-alkoxytetracenés
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prepared in six steps, starting from benzoquinone, a com-

mercial compound, in satisfactory overall yields (ca. 20%).

quinone §) using the condensation of orthodiformylbenzene
with 3 in the presence of NEOs;. Smooth demethylation
was followed by a classical Williamson alkylation with the
long chains to give6 in reasonable yields. DDOT and
DHDOT were finally isolated after MeerweirPondorff—
Verley reduction. The preparation was repeated several times,
and gram quantities were obtained. Spectroscopic data,
detailed in Supporting Information (1), are consistent with
the proposed structures.

Upon drop casting of warm solutions of dissolved gelator at
a concentration (1.4 1073 M) higher than the critical gel con-
centration (cc, i.e., the lowest concentration at which a gel can
be obtained at ambient temperature) and then cooling to room
temperature, the topography images obtained by AFM of a
thick deposit revealed a network of entangled fibers and fiber
bundles, whereas no fiber termination was observed (Figure 1).
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Figure 1. AFM topography (left) and signal error images (right)
of DHDOT in Cy4H30, concentratiorn= 1.4 x 1073 M, after casting
on mica; fiber width ca. 106200 nm.

Solvent screening for gel-forming ability was performed
with a variety of solvents, using the inverted tube method.
A selection of solvents and critical concentrations are listed in
Table 1. One observes than DHDOT is more efficient than

Since tetracene and hydroxytetracenes are very sensitiv_

to oxidation, it was advisable to form the tetracene core in

(4) Our synthetic work was achieved before the preparation of 2,3-
dlhydroxytetracene was reported: Tulewski, G. S.; Miao, Q.; Fukuto, M.;
Abram, Ocko, B.; Pindak, R.; Steigerwald, M L.; Kagan, C. R,
Nuckolls, C.J. Am. Chem. Soc2004, 126, 15048—15050. Our method
differs in several ways from that of the authors.
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Amsterdam, 1956; Volume 3, Part B, pp 1485489. (b)Traité de Chimie
Organique; Grignard, V., Dupont, G., Locquin, R., Eds.; Masson: Paris,
1949; Vol. XVII (II), pp 1241-1298. (c) Clar, EPolycyclic Hydrocarbons
Academic Press: London, 1964; Volume 1, Chapter 23, pp-32@. (d)
Zander, M.Polycyclische Aromaten Kohlenwasserstoffe und Fullerene
Teubner: Stuttgart, 1995. (¢Jouben-Weyl Methoden der Organischen
Chemie; Thieme: New York, 1981; Bd 5/2b, Chapter 4, pp-35£0. (f)
Gupta, D. N.; Hodge, P.; Khan, N. Chem. Soc., Perkin Trans.1B81,
689—696. (g) Mallouli, A.; Lepage, YSynthesid€980,9, 689. (h) Franck,

R. W.; Gupta, P. BJ. Org. Chem1985,50, 4632—4635. (i) Serpaud, B.;
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Table 1. Selected Solvents and Concentrations at Which Room
Temperature Gels Are Found for DDOT and DHDOT, from
Light Diffusion Measurement

DDOT DHDOT
solvent conecn = 1073 M conen = 103 M
n-hexanol 0.4* 0.3%*
n-heptane 0.9
n-C14Hso 1.4*
cyclohexane 1.9 0.5

a Concentrations are critical concentrations (cc) except for those marked
with an asterisk (*), for which the cc values were not determined. Gels were
also formed in DMSO and for DHDOT, in dichloromethane and acetone

DDOT; in addition, DHDOT gelifies dichloromethane and ace-
tone, in contrast to DDOT. DHDOT shows a cc of &3.0°3

Org. Lett, Vol. 7, No. 6, 2005



M (0.04 wt %) in cyclohexane, acting as one of the best 510 nn¥*°and emit a green fluorescence (4850 nm) with

known supergelatorsAt a much lower concentration, e.g.,

2 x 1075 M, a gel can be obtained in methylcyclohexane _

(MCH) at 190 K.

A thermoreversible gélhas the property of reverting to
an isotropic liquid when heated (the so-called melting pro-
cess) and forming a gel again when the solution is cooled (the
gelification process). The processes generally involve hyster-
esis®®® Phase transition diagrams are obtained by plotting
the temperatures of gelificatiofige) or melting (T,) versus

gelator concentrations. These diagrams were established for

DDOT and DHDOT in several solvents, especiallycytlo-
hexaneAn example is given in Supporting Information (2A).
From these data, the thermodynamic parametet§ and
AS°were calculated (using classical equations developed in
Supporting Information 2B, 3) for the sobel transition and
collected in Table 2, together with some relevant data on
DDOA. The data concerning the gelification process have
been selected becau3g. values are more reliable (from

Table 2. Thermodynamic Parameters (AHRS®) and Free
Enthalpy (AG°at 298 K) of Gelification inn-Heptané (DDOA)
and Cyclohexane (DDOT, DHOT) (Accuraey10%)

AH° AS° AG®

substrate/solvent (kJ mol™!) (Jmol 1K1 (kJ mol?)
DDOA/n-heptane —60 —155 —13.8
DDOT/cyclohexane —78 —192 —-21.0
DHDOT/cyclohexane —76 —178 —23.0

aData taken from ref 3b.

sample to sample) thah, values®® The salient features of
Table 2 are the great importance of the entropic factor and
the trend of increasing stability from DDOA to DHDOT in
hydrocarbon media (for solubility reasons, it was not possible
to compare DDOA and tetracenes in the same solvent). Othe
data indicate that tetracene gels are strongear-hrexanol
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Figure 2. Absorption spectra of DHDOT in a cyclohexane gel at
298 K (—) and in the isotropic phase at 343 K-J; concentration
= 1.6 x 103 M; Av(0—0) sol-gel= —790 cnt?. Inset: absorption
spectrum of DHDOT gel in KBr. The spectra in the gel phase and
the KBr matrix display an important contribution of light diffusion.

400

guantum yields=0.2 (in degassed cyclohexarié)The gel
absorption spectrum is similar to that of DHDOT microcrys-
talline powder in KBr pellet (Figure 2, inset). This is rem-
iniscent of the DDOA behavicr.The marked red-shift of
the § — S (L) transition by 790 cmt and the fine structure
reveal a well-defined molecular organization of DHDOT with
partial overlapping of chromophor&sturthermore, the clear
hypochromisr#? of the S — S (*Lp) transition at 403 nm is
typical of exciton splittind® and strongly suggests some
degree of alignment between the long axis of the aromatic
muclei. The fluorescence and excitation spectra of DHDOT
in the gel phase and in solution are represented in Figure 3.

than in cyclohexane and that DHDOT gels are more robust_

than those of DDOT (see Supporting Information, 2C).
In solution, as shown in Figure 2 for DHDOT, both
tetracene derivatives absorb in the bvisible range up to

(6) Gelation test: 1 ciof solvent was added to a weighed amount of

gelator in a septum-capped test tube (ca. 4 cm length and 0.7 cm diameter)
in order to obtain the desired concentration. The mixture was warmed to

the boiling point until the solid dissolved, and then the mixture was allowed
to cool to room temperature. When a gel was formed (generally within
several minutes), the sample did not flow when the test tube was inverted

(7) A “supergelator” is considered to have a#c0.3—2.5 mM at rt
according to Shinkai (Gronwald, O.; Snip, E.; Shinkai, Gurr. Opin.
Colloid Int. Sci 2002,7, 148—156) and Menger (Menger, F. M.; Caran,
K. L. J. Am. Chem. So@000,122, 11679—11691).

(8) (&) Guenet, J. M.Thermoreersible Gelation of Polymers and
Biopolymers; Academic Press: London, 1992. (b) Terech, P.; Weiss, R. G
Chem. Rev1997,97, 3133—3159.

(9) The first electronic bandi(,) is comparable with that of tetraceffe,
but the second electronic transitiéin, appears clearly in the 350—403 nm
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range, as enhanced by substitution of a lateral ring (the “b” bands are Figure 3. Excitation (—) and emission spectra-j of DHDOT in

polarized along the long axis of the nucléds.

(10) (a) Jaffé, H. H.; Orchin, MTheory and Applications of Ultraviolet
Spectroscopy; Wiley: New York, 1965; Chapter 13. (b) Friedel, R. A;;
Orchin, M.UV Spectra of Aromatic Compounddiley: New York, 1951;
n° 532.
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methylcyclohexane, concentratien2 x 107> M, at 300 K ()
Aobsa= 507 nm and {+) dexc = 440 nm) and at 190 K (gel state)
((=) Aobsa= 580 nm and {*) Aexc = 488 nm).
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For the gel, one observes the loss of fine structure, ato favor the best molecular aggregation in the gel phase.

substantial red-shift (4.x = 570 nm), and a large decrease Prospectively, such a self-assembly is liable to afford

of the fluorescence intensity. That the fluorescence spectrumtetracene fibers with semiconducting propertié$> The

of the gel is not the mirror image of the absorption spectrum advantage of aggregation in gel fibers has indeed been

suggests the presence of exciton traps of lower energyillustrated in a recent publicatidfiThe long-range molecular

displaying a low radiative probability?:4 order that can be achieved by alignment of the organogels
In summary, two 2,3-disubstituted tetracene derivatives fibers mechanically or in a magnetic fieltf appears to be

soluble in common organic solvents have been shown to self-an additional feature to be exploited with these tetracene gels.

assemble into gels atry low concentrationsThis must be

due to the unique combination of tetracene and long aliphatic  Acknowledgment. We are indebted to the Ministe de

chains in rodlike-shaped and nanometer-sized«(3.4 nm) la Recherche, CNRS, Région Aquitaine, and the Fonds der

molecules. The superior strength of DHDOT gels reflects Chemischen Industrie for financial assistance.

the benefit drawn from fine-tuning the chain length in order

Supporting Information Available: (1) Synthesis of

(11) Quantum yield was determined using perylene as a standd: DDOT and DHDOT and spectroscopic data supporting the
= 0.94 in cyclohexane. Berlman |. Blandbook of Fluorescence Spectra . ) .
of Aromatic Molecules; Academic Press: New York, 1971; pp 389. structures, (2) thermodynamic properties, and (3) equations
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