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Fluorescent mesomorphic materials have been synthesized by grafting difluoro-bora-diaza-
s-indacene (F-Bodipy) onto first-, second-, and third-generation liquid-crystalline poly(aryl ester)
dendrons functionalized with cyanobiphenyl units. The second- and third-generation dendrimers
give rise to smectic A phases; the first-generation dendrimer shows a nematic phase and an
unidentified phase. The supramolecular organization within the smectic A phase could be established
from X-ray experiments: the dendritic core is oriented approximately parallel to the layer planes and
the mesogenic units are oriented perpendicularly above and below the dendritic core; interdigitation
occurs between neighboring layers. All the materials are highly fluorescent both in solution and in the
mesophases. For the first-generation dendrimer, the formation of J-aggregates was detected. The
higher-generation dendrons prevented the formation of aggregates. Therefore, the dendrons play the
role of liquid-crystalline promoters and protective shells.

Introduction

The chemistry of dendrimers generates a growing interest
in materials science' and medicinal science.> Dendrimers have
also been specifically designed to build-up supramolecular
architectures, including Langmuir and Langmuir—Blodgett
films,>* micelles,” membranes,® and liquid crystals.” "

Liquid crystals are of interest as they give rise to various
mesophases, the properties of which can be used in nano-
technologies.® In the case of dendrimers, the liquid-crystal-
line properties can be tuned by careful control of the
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structure and nature of the mesogenic units (chirality,
polarity, length, location) and dendritic core (generation,
rigidity/stiffness, connecting groups).”*!*!%13 Furthermore,
liquid-crystalline dendrimers tolerate functional groups, so
self-assembled functional materials based on such monodis-
persed macromolecules can be designed. Indeed, we have
synthesized liquid-crystalline [60]fullerenes (nematic, chiral
nematic, smectic A, smectic C, columnar phases),]1 liquid-
crystalline ferrocenes (smectic A phase),'*!> liquid-crystal-
line [60]fullerene-ferrocene dyads (smectic A phase),'®!” and
liquid-crystalline diruthenium clusters (nematic and smectic
A phases).'

On the other hand, highly fluorescent difluoro-bora-
diaza-s-indacene (F-Bodipy) derivatives are a promising
class of dyes fulfilling the criteria of stability and chemical
availability combined with high molar extinction coeffi-
cients, high fluorescence quantum yields, and narrow emis-
sion bandwidths in fluid solutions; however, they remain
relatively unexplored in the field of liquid-crystalline
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materials."””?' These dyes are characterized by a pro-

nounced chemical and photochemical stability in solution
and in the solid state and by remarkable electron transfer
properties. The optical properties are sensitive to modifica-
tions of the pyrrole core,”>** the central meso-position, >
and the boron substituents.”” They are currently used as
chromogenic probes and fluorescent chemosensors,” >?
fluorescent switches,** electro-chemiluminescent mate-
rials,®> %" laser dyes,”* fluorescent labels for biomolecules
and cellular imaging,”’ drug delivery agents,** photody-
namic therapy,*' and electron-transfer probes for radical
jon pairs generated by local electric fields.** Such dyes were
also used in energy conversion devices such as OLEDs* and
solar cells.*** These fascinating applications attest to the
exceptional robustness and processability of these nonionic
dyes allowing their sublimation under high vacuum to
provide electroluminescent layers.*’

However, a frequently encountered deficiency in the
use of Bodipy in photon or electron responsiveness
molecular devices is the difficulty to organize these dyes
into predictable assemblies such as liquid-crystalline ma-
terials or supramolecular gels. We discovered that amphi-
pathic alkoxydiacylamido platforms bearing chelating
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oligopyridine cores®> or F-Bodipy dyes are able to
self-assemble into columnar phases and fibrous networks by
means of intermolecular hydrogen bonds. Note that nega-
tively charged Bodipy luminophores also provide columnar
phases by ionic self-assembled processes with ammonium-
based amphiphiles.™ Along these lines other luminescent
metallomesogens based on d-block transition metals™* ' or
lanthanides®>®* have previously been studied.

To further explore the possibility to design liquid-crys-
talline F-Bodipy dyes which self-assemble into predictable
mesophases, we decided to use mesomorphic dendrimers
as liquid-crystalline promoters. Indeed, the latter have
been used to synthesize liquid-crystalline materials from
bulky, nonmesomorphic units (fullerene, ferrocene, orga-
nometallic clusters) as mentioned above. We anticipated
that they should also tolerate the F-Bodipy unit.

We demonstrate, herein, that a Bodipy framework
adequately functionalized with an amino function pro-
vides a unique platform to be cross-coupled to liquid-
crystalline dendrons and to study the luminescence pro-
perties in the mesomorphic materials. In this first study,
we selected poly(aryl ester) dendrons carrying cyanobi-
phenyl mesogenic units to obtain lamellar organization.'!

Results and Discussion

Materials and Syntheses. The dendritic poly(aryl ester)
carboxylic acids Acid-G; (first generation), Acid-G, (second
generation), and Acid-G;3 (third generation) (Chart 1) are
obtained in good yields by the oxidation of the correspond-
ing aldehydes® with sodium chlorite and sulfamic acid in
aqueous tetrahydrofuran (THF). The syntheses of Acid-
G1.% Acid-G,,° and Acid-G;'® have already been described.
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The synthesis of the BOD-G,, (n =1, 2, 3) compounds
(Chart 2) was inspired by peptide synthesis®’ and was
made feasible by using a solution of the Acid-G,, dendri-
mers and a Bodipy amino derivative®® in the presence of
the hydrochloride salt of 1-ethyl-3-[3-(dimethylamino)-
propyl]carbodiimide (EDC-HCI) and 4-dimethylamino-
pyridine (DMAP) (Scheme 1).

The purification of the BOD-G,, materials was achieved
by column chromatography on silica gel followed
by crystallization from a CH,Cl,/CH3;CN mixture.
The molecular structures and purity were assigned by

(67) Chini, M.; Crotti, P.; Macchia, F. Tetrahedron Lett. 1990, 31,4661.
(68) Ziessel, R.; Bonardi, L.; Retailleau, P.; Ulrich, G. J. Org. Chem.
2006, 71, 3093.

"H and "*C NMR spectroscopy, infrared spectroscopy,
mass spectrometry, and elemental analysis.

Liquid-Crystalline Properties. The thermal and liquid-
crystalline properties of BOD-G,, were investigated by
polarized optical microscopy (POM) and differential scan-
ning calorimetry (DSC). The mesomorphic properties
of Acid-G, have already been described elsewhere. 8->
The phase transition temperatures and thermodynamic
data are reported in Table 1.

Compound BOD-G; shows two mesophases, a nematic
phase (schlieren texture) and a mesophase that could not be
identified by POM as no typical texture was observed.
Compounds BOD-G, and BOD-G; lead to the formation
of smectic A phases (focal-conic and homeotropic textures).
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The textures of the nematic and smectic A phases dis-
played by BOD-G; and BOD-Gj; are shown in Figures 1
and 2, as illustrative examples. The clearing point in-
creases with the dendrimer generation. This behavior is
due to the fact that the intermolecular interactions in-
crease with the number of cyanobiphenyl units. A low-
ering of the clearing point is observed for the BOD-G,,
compounds compared to their corresponding Acid-G,
precursors. This is a consequence of the presence of the
F-Bodipy unit which generates steric hindrance, probed
by the tetrahedric boron atom and the orthogonality of
the phenyl ring in the meso position, the consequence of
which is a decrease of the intermolecular interactions.
Finally, the formation of smectic A phases observed for

BOD-G; and BOD-Gj; (and also for the liquid-crystalline
precursors Acid-G, and Acid-G3) is in agreement with
the nature of the dendromesogens which have a strong
tendency to align parallel one to each other and so give
rise to the formation of layers, as observed for analo-
gous liquid-crystalline dendrimers'''®"'® and side-chain
liquid-crystalline polymers.®®~"!

Supramolecular Organization. The structures of the
mesophases displayed by the BOD-G,, compounds were

(69) Kawakami, T.; Kato, T. Macromolecules 1998, 31, 4475.

(70) Yamada, M.; Itoh, T.; Nakagawa, R.; Hirao, A.; Nakahama, S.-i.;
Watanabe, J. Macromolecules 1999, 32, 282.

(71) Barmatov, E. B.; Filippov, A. P.; Shibaev, V. P. Lig. Cryst. 2001,
28, 511.
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Scheme 1. “
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“(i) 1-Ethyl-3-[3-(dimethylamino)propyl]carbodiimide (EDC-HCI), 4-dimethylamino-pyridine (DMAP), CH,Cl,, r.t.; yields: 57% for BOD-G,,

56% for BOD-G,, 61% for BOD-G3.

Table 1. Phase-Transition Temperatures” with Enthalpy Changes for the BOD-G,, Dendrimers and Their Dendritic Carboxylic Acid Precursors

compound T, (°C) transition T (°C) AH (k] mol™") AH (kJ mol™") per mesogenic unit
Acid-G,% Cr—N 39 1.9 0.95
N—I 194 6.2 3.1
Acid-G,°° 45 SmA — I 203 18.6 4.65
Acid-G5'® 55 SmA — 1 227 40.9° 5.1
BOD-G; 45 Cr— M¢ 86 41.0 20.5
M—N 119 0.2 0.1
N—1 123 0.1 0.05
BOD-G, 72 Cr— SmA® 100 60.1 15.0
SmA — 1 155 8.3 2.1
BOD-G; 54 Cr— SmA° 83 67.8 8.5
SmA — 1 210 37.0 4.6

“T,: glass transition temperature; Cr = semicrystalline solid; SmA = smectic A phase; N = nematic phase; M = unidentified mesophase; I =
isotropic liquid. Temperatures are given as the onset of the peaks obtained during the second heating run. ® A value of 4.9 kJ mol~! was incorrectly

reported in ref 18. “ Determined during the first heating run.

investigated by X-ray diffraction (XRD) at variable
temperatures. The XRD data are reported in Table 2.
At room temperature, before any thermal treatment, the
three compounds yield patterns typical of crystalline
phases. When they are heated into the mesophases and
cooled down to room temperature, the XRD measure-
ments indicate that crystallization does not take place and

the mesomorphic order is maintained. This result is
consistent with the POM observations and DSC curves
(as an illustrative example, DSC curves of BOD-G3 are
shown in Figure 3). For BOD-Gg3;, the diffraction patterns
taken under these conditions are characteristic of a
smectic phase (Figure 4). They contain a sharp, strong
reflection in the small-angle region and a broad, diffuse
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