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ABSTRACT

M

7 interaction

hv (>300 nmy)

in SmE phase

syn:anti=0:100

Thermotropic liquid crystallinity can be induced for an anthracene having a dendritic substituent. The photodimerization reaction of an anthracene
moiety in the smectic phase proceeded quantitatively and regioselectively.

A new kind of well-defined regularly branched macromol-

genides upon irradiatiohphotoreactivity of dendron sulfenyl

ecules of nanoscopic size called dendrimers have widelyiodide? a new photoreactive anthracenyl dendron that

attracted scientific attention in past two decadiés. par-

undergoes reversible photocyclizatioand fullerodendrimer

ticular, there is an increasing focus on developing applica- as a photosensitzer for the generation of singlet oxygen.

tions for photoresponsive dendrimérRecently, we have

Meanwhile, photochemical and photophysical processes

described dechalcogenation reaction of dendrimer dichalco-conducted in thermotropic liquid crystals have been of
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However, much less is known about the photoreactivity of [ | | | I

dendromesogens. This paper describes the liquid crystalline

properties and photoreactivity of poly(amidoamine) dendron
1 having an anthryl group at the focal point. To our

knowledge, this is the first example of an intermolecular
photoreaction process of a dendrimer that shows liquid
crystalline arrangements.

Poly(amidoamine) dendrah which has an anthryl group
at the focal point, was synthesized by the use of a divergent
approach as reported befdreThe structure ofl was
confirmed by!H and *C NMR spectroscopies, elemental
analysis, and MALDI-TOF mass spectrometiy addition,
the phase behavior af was established with the aid of
polarizing optical microscopy and differential scanning
calorimetry (DSC). A thin sample of dendrdnsandwiched

between untreated glass plates, was examined between

crossed polarizers at 100x magnification. Dendtdiorms

Figure 1. Polarized optical micrograph (x100) of dendrbn

a smectic mesophase (rt—28) and clears at 50C (Figure

1). The DSC profile of dendroh shows a clear endothermic
peak at 28°C (AH = 16.5 kJ/mol), which is assignable to
the melting temperature of the self-organized structtixg, (

as a possible consequence of the breakdown of the wea
m—z interaction. It is notable that dendriméris the first
example of a liquid crystal based on 9-substituted anthracene

The packing arrangement of dendrdnin its liquid-

crystalline phase was investigated by analyzing the distribu-
tions of photodimers. Photodimerization reactions of an-

thracene derivatives emanate from the singlet state of the

anthracenyl group? Especially in viscous media, the short
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lifetime of the singlet statesr(~ 5—15 ns}' precludes
significant motion between the moment of excitation and

yJntermolecular cycloaddition. Weiss et al. reported that the

anthracene derivative in the cholesteric liquid-crystalline
phase underwent the photodimerization reaction with low
regioselectivity because of random parallel and antiparallel
packing®? To clarify the regioselectivity of photodimerization
of 1 in the mesophase, the liquid crystalline dendron was
irradiated with a high-pressure mercury lamp> 300 nm)

at room temperature under a nitrogen atmosphar8 foto

give photodimer2 in quantitative yield (Scheme 1).

Scheme 1. Photodimerization of Dendron 1
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B. J. Am. Chem. Sod998, 120, 9526. (s) Stocker, W.; Karakaya, B.;
Schiramann, B. L.; Rabe, J. P.; Schliter, A.JDAmM. Chem. S0d.998,
120, 7691.

(9) Selected data for dendrdn H NMR (CDCls) 6 2.31-2.46 (m,
12H), 2.51-2.61 (m, 6H), 2.67—2.76 (m, 8H), 2.77—2.88 (m, 4H), 3.29—
3.43 (m, 6H), 3.62 (s, 12H), 5.40 (d= 5.6 Hz, 2H), 6.877.00 (m, 2H),
7.46 (t,J = 8.0 Hz, 2H), 7.54 (tJ = 5.6 Hz, 2H), 7.80 (tJ = 5.6 Hz, 1H),
7.99 (d,J = 7.8 Hz, 2H), 8.07 (tJ = 5.6 Hz, 1H), 8.24 (dJ = 8.0 Hz,
2H), 8.42 (s, 1H)*3C NMR (CDCk) ¢ 32.4, 33.0, 35.9, 36.90, 36.92, 49.0,

49.7,51.5,52.0,52.7,123.5,125.1, 126.6, 127.1, 128.3, 129.1, 130.2, 131.3;

Interestingly, only anti photodimé&awas obtained in the
reaction within the liquid crystalline state, while a mixture
of syn and anti dimers (syn/antt 30/70), dendrimera
and 2b, respectively, were formed upon irradiation of a

159.3, 159.6, 171.8, 172.9; MALDI-TOF MS for4§Hs7N7O12 m/z calcd
895.02 [MH"], found 894.34. Anal. Calcd for sHs7N7O12: C, 60.46; H,
7.10; N, 10.97. Found: C, 60.33; H, 7.25; N, 10.93.
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solution of “normal” solvent3? The structures of syn and
anti photodimera and 2b were confirmed by théH and
13C NMR spectroscopies, elemental analysis, and MALDI-
TOF mass spectromettyThe ratio of syn/anti dimers should
reflect, at least indirectly, the ground-state distribution of
the orientation of dendrofh. This result indicated that the
arrangement of anthracene within the liquid crystalline phase
of 1 is suitable for regioselective photodimerization.
Hence, the structural determination in the liquid crystalline
phase by XRD was carried out in order to obtain more
information about the molecular arrangements present in the
mesophase. X-ray diffraction measurements showedlthat
exhibited a smectic E phase (SmE phase at@5 dyo; =
30.2,d002= 15.4,doo3: 10.3,dzoo: 8.7,d004= 7.8,d11()=
7.0,doos = 6.2,d310= 4.5 A) with cell parametera = 17.3
A, b =867 A andc = 30.9 A. Interestingly, a one-
dimensionally unique arrangement could be supposed from
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Figure 2. Schematic illustration of the molecular arrangement of
dendronl in the liquid-crystalline phase.

adequate consideration of the molecular model shown in
Figure 2% Neighboring molecules are aligned in an anti-
parallel orientatiort® This result indicated that the dendron
1 self-assembles via—s stacking of the anthracene moiety

(13) Ratio of syfanti photodimers was determined by HPLC experiment
and!H NMR.

(14) Selected data f@a: 'H NMR (CDCl) 6 2.31-2.37 (m, 8H), 2.4+
2.48 (m, 16H), 2.53—2.61 (m, 8H), 2.74—2.84 (m, 24H), 3.26—3.40 (m,
16H), 3.67 (s, 32H), 3.88 (s, 2H), 4.53 @@= 4.0 Hz, 4H), 6.79—6.88 (m,
16H), 6.89—6.93 (m, 6H), 7.95 (§,= 4.0 Hz, 2H); MALDI-TOF-MS for
CooH12dN14024 MYz caled 1789.04 [MH], found 1788.41. Fokb: H NMR
(CDCl) ¢ 2.31—2.39 (m, 8H), 2.422.49 (m, 16H), 2.542.61 (m, 8H),
2.74—2.84 (m, 24H), 3.28—3.39 (m, 16H), 3.65 (s, 32H), 4.50 (s, 2H),
4.70 (d,J = 4.0 Hz, 4H), 6.77—6.95 (m, 16H), 7.26 (brs, 6H), 7.84)(t
4.0 Hz, 2H); MALDI-TOF MS for GoH126N14024 Mz calcd 1789.04 [MH],
found 1788.53.

(15) On the assumption that the density of the liquid crystal is 1.28 (p
= 1.28), the number of molecules in dendriniguer unit cell is estimated
to be 4 £ = 4). Since the number of molecules per unit cell of the SmE
phase is 24 = 2), dimer formation can be predicted as shown in Figure

(16) UV/Vis spectrum ofl in the SmE phase exhibited broad absorption
(Amax = 392 nm), althoug in solution showed the absorption ban¢h{d
= 366 nm) with vibronic peaks in the 32@100 nm region. Fluorescence
spectrum ofl in the SmE phase also showed a broad and red-shifted peak
(EM Amax = 441 nm) compared with that in homogeneous solution. This
result indicated interactions of the anthracene moiety in the ground state.
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and van der Waals interactions of dendron units to form SmE
phase.

The results described herein show the first example of the
regioselective photodimerization of anthryl dendron in the
SmE liquid-crystalline phase. Supramolecular aggregation
of the photoreactive dendrimer is potentially important for
applications of information storage and photomechanical
devices. Further work is in progress to explore the applica-
tions and advantages of the photoreactive dendrimer that
shows the mesophase.

Acknowledgment. This work was partly supported by
Research Foundation for the Electrotechnology of Chubu,
Research Foundation for Materials Science, and Priority-
Area-Research (B) (No. 12129205) by the Ministry of
Education, Science, Sports and Culture of Japan.

Supporting Information Available: DSC chart of den-
dron1 upon heating. This material is available free of charge
via the Internet at http://pubs.acs.org.

0OL0343109

1679



