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The synthetic availability of dendrimers in a wide range of sizes Table 1. Transition Temperatures (°C) of Liquid Crystalline
. . 1 a
makes them attractive molecular components for the construction 2endrimers 1 and 2

of electronic/photonic nanodevices and smart nanomaterials. Self-  dendrimers M" (g mol ™) thermal transitions®
organization of dendrimers can provide rapid access to the 1 2570 g—50 X 43 (3.3) i

eneration of controlled nanoscopic objects. Various studies have 2 5134 954 X 39 (8.2) Cal110 (22.1) i
g P ) 2+Ceqf! - K 99 (10.5) Col 250 (30.4) i

suggested that self-organization of dendrimers and monodendrons
can form nanoscopic objects in solution and the bulk through ) aTransition enthalpies (KJ mot) are gi\//en in parelntheséSDetedrminfedd

; ; PR ; ; y MALDI-TOF-Ms. ¢ Heating rate 10C/min; g: glass, X: unidentifie
mtermole_c_ular nongovalent mteractlé)tuqt_ud crystalline behe_lwors phase (X phase could not be assigned by XRD and TPOM): Col
of dendritic materials have also received much attention as a rectangular columnar mesophase, Col: columnar mesophase, i isotropic
methodology to generate macroscopic organized systems exhibitingliquid. 9 [2]/[Ced = 1.0.

layered, columnar, and cubic phase structér@s. date, liquid
crystalline dendrimers have been designed by two different ap-

proaches. The introduction of chemically rigid mesogenic branching

d-Spacing (nm)
deale  dobs

-\
—

hicl

2
units or end groups into flexible dendritic architectures can induce = :IJ(I}?} §;§3 E:;g
liquid crystalline orde®.On the other hand, Moore et al. discovered g ggg Lo
the liquid crystallinity of rigid phenylacetylene dendrimers by g ' ' 100pm
attachment with flexible oligo(ethylene oxide) chains on the =
periphery* Their rigid dendritic cores provide mesogenic archi- %
tectures, and the stacking of numerous rigid dendrimers allows the E
formation of segregated columnar aggregates. | I | J
We earlier reported the convergent syntheses of phenylene-based 0 10 20 30 40
rigid dendritic porphyrins and their unique functionalitfels this Angle (26)

communication, we report the self-organization of rigid dendritic Figure 1. (a) Temperature-controlled XRD patterns 2t 100°C and

.porphyrir?s, with 8 or 16 long alkyl Chains on their pgriphery. The  assigned Miller indiceshkl). (b) Polarized optical micrograph @fat 75
introduction of long flexible alkyl chains onto the periphery of the  °C after slowly cooling from the isotropic phase.

rigid dendrimers may lead to the formation of liquid crystalline
phases by the occurrence of phase segregation between the rigidemperature-controlled polarizing optical microscopy (TPOM),
dendritic interior and peripheral alkyl chains. Liquid crystalline

porphyrins have been synthesized by attaching long alkyl chains (CH2)141CHs
with a planar porphyrin molecule Suslick et al. reported the (CH,)11CH3 <)
dlscqtlc I|qU|_d crystallinity of octa-meta-substituted t(_atraphenylpor- R a2 { < )~(CHa)11CHs
phyrins having two protected pockets on both of its fac&aur RR 1R 2 R (S
synthesized dendritic porphyrins also possess regulated nanospaces, ' T
which may permit the inclusion of guest molecules without loss of R Q () (CHa)CH;
the liquid crystal phase. (CHz)11CH3 &)
Two generations of phenylene-based dendritic porphylriausd (CHa)11CH3

2 were synthesized from 4-dodecylphenylboronic acid, 3,5-dibromo-
1-(trimethylsilyl)benzene, and 5,10,15,20-tetraki§(@libromophen-
yl)porphyrin. All of the intermediate and final dendritic porphyrins
were fully characterized biH and'3C NMR spectroscopy, matrix-
assisted laser desorption/ionization time-of-flight (MALDI-TOF)
mass spectroscopy, UWisible spectroscopy, HPLC, and elemental
analysis.

The liquid crystalline properties af and 2 were studied by

differential scanning calorimetry (DSC), and X-ray diffraction
(XRD). The phase-transition temperatures and corresponding transi-
tion enthalpies were determined by DSC, and the assignment of
liquid crystalline phases was done by a combination of XRD and
TPOM (Table 1). Both dendrimefsand2 exhibited glass transition
temperatures around50 °C. Dendrimer2 showed two reversible
transitions at 39 and 11 upon heating in DSC, whilg exhibited

only one transition at 43C. When the isotropic liquid o2 was

*To whom correspondence should be addressed. E-mail: mkimura@

giptc.shinshu—u.ac.lp. ) cooled slowly, a colored mosaic texture appeared in the range of
12{]?32?1'“33?1?\;‘62?5”% and Technology Corporation (JST). 40—-110°C under the polarized microscope (Figure 1). The XRD
8 Tohoku University. studies orR at 100°C gave four Bragg reflections, indicating that
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2—Cgo complex (solid line). (b) Polarized optical micrograph of theCso

420 440 460 complex at 200°C. The domains were grown from the isotropic phase.
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Figure 2. (a) Effect of Go concentration on the absorption spectrun2 of
in toluene solution at room temperature?] £ 3.0uM; [Cedl/[2] = O, 1.0,
2.0,4.0, 8.0, 12.5, 25.0. Arrows indicate the direction of the spectral change.
The inset shows the absorbance change of the relationship betwgen C
concentration and absorbance at 425 nmif¢l) and2 (®), and at 433
nm for2 (a). (b) Normalized fluorescence intensitieslofll) and2 (@) in
degassed toluene depending on the €@ncentration: excitation 429 nm,

crystalline phase. Detailed SAXS and SANS analyses of the self-
organized film of2 with Cg are in progress.
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emission 650 nm.

the mesophase consisted of a rectangular columnar structuge (Col
with lattice constanta = 4.57 nm and = 3.54 nm, and the number

of molecules in the unit celt = 2 (Figure 1). The phenylene-
based rigid dendritic core i@ acted as a mesogenic architecture,
and the packing of the dendritic cores resulted in the formation of

and Culture of Japan.
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trochemical results, estimation &f optical and atomic force micro-
graphs of thin films for2 and the complex o with Cg,, and XRD
pattern of the complex (PDF). This material is available free of charge
via the Internet at http:/pubs.acs.org.

the columnar mesophase structure. On the other hand, the firstReferences

generation dendrimet did not show liquid crystalline behaviors
in any temperature range under TPOM.

Previously, we found that a rigid phenylene-based dendritic
porphyrin includes & within its regulated nanospace through
noncovalently interactiof? The inclusion of Gy within the
nanospace d may affect the mesophase structtifiene absorption
spectra of2 in toluene solution changed upon the addition @§,C

and the absorption spectral changes showed a clear isosbestic point

at 429.0 nm (Figure 2dY.In marked contrast to the behavior of
the tert-butyl-terminated dendritic porphyrin, which formed a
precipitate by the addition of g 2 with Cgo was still soluble in
toluene solutiort? Titration study on2 with Cgo on the basis of
Job’s method indicated the formation of a 1:1 compfekhe Soret
band of the porphyrin moiety was red-shifted from 424 to 433 nm.
The association constant was evaluated to be 2.3¢* M~ from
the spectral changes. In contrast, the first-generation denddimer
showed no spectral changes in the absorption spectra after the
addition of a large excess ofgf The fluorescence o was
guenched even at a lowsgoncentration, suggesting the formation
of an associated complex (Figure 2b). Moreover, three reversible
electroreduction potentials of¢gin the presence o2 are more
negative than that the potentials for the reduction of ondy &y
160-370 mV12 These results indicate that the second-generation
dendrimer2 can form a stable complex withg&

Figure 3a shows UV vis spectra of the spin-coated film &fin
the presence of an equimolar amount @f Gn the quartz plate.
The Soret band of the spin-coated film of the mixture also shifted
to the longer wavelength, indicating the formation of a complex
between2 and Gg in the film. The thin film of the mixture was
homogeneous and showed no irregular aggregates,dfy®ptical
microscopy and atomic force microscopy measureméntee 1:1
complex of2 and Go exhibited two reversible transitions at 99
and 250°C by DSC (Table 1), and TOPM revealed a needlelike
texture in the range of 16€250°C (Figure 3b). The XRD pattern
of the 1:1 mixture of2 and Gy differed from that of2 alone,
indicating that the inclusion of £ within the nanospace o2
strongly affected the mesophase structure in the thermotropic liquid-

(1) (a) Tomoyose, Y.; Jiang, D.-L.; Jin, R.-H.; Aida, T.; Yamashita, T.; Horie,
K.; Yashima, E.; Okamoto, YMacromolecules1996 29, 5236. (b)
Tomioka, N.; Takasu, D.; Takahasahi, T.; Aida, Angew. Chem., Int.
Ed. 1998 37, 1531. (c) Jang, W.-D.; Jiang, D.-L.; Aida, J. Am. Chem.
Soc.200Q 122 3232. (d) Marmillon, C.; Gauffre, F.; Gulik-Krzywicki,
T.; Loup, C.; Caminade, A.-M.; Majoral, J.-P.; Vors, J.-P.; Rump, E.
Angew. Chem., Int. EQ001, 40, 2626.

(2) (a) Hudson, S. D.; Jung, H.-T.; Percec, V.; Cho, W.-D.; Johansson, G.;
Ungar, G.; Balagurusamy, V. S. ISciencel997 278 449. (b) Percec,
V.; Ahn, C.-H.; Ungar, G.; Yeardley, D. J. P.; Mer, M.; Sheiko, S. S.
Nature 1998 391, 161. (c) Percec, V.; Cho, W.-D.; Mer, M,
Prokhorova, S. A.; Ungar, G.; Yeardley, D. JJPAm. Chem. So200Q
122, 4249.

(3) (a) Busson, P.; lhre, H.; Hult, Al. Am. Chem. S0d.998 120, 9070. (b)
Baars, M. W. P. L.; Setjens, S. H. M.; Fischer, H. M.; Peerlings, H. W.
I.; Meijer, E. W.Chem. Eur. J1998 4, 2456. (c) Sunder, A.; Quincy,
M.-F.; Mulhaupt, R.; Frey, HAngew. Chem., Int. EAL999 38, 2928.

(d) Macros, M.; Gimeez, R.; Serrano, J. L.; Donnio, B.; Heinrich, B.;
Guillon, D. Chem. Eur. J2001, 7, 1006.

(4) Pesak, D. J.; Moore, J. 8ngew. Chem., Int. Ed. Engl997, 36, 1636.

(5) Meier, H.; Lehmann, N.; Kolb, UChem. Eur. J200Q 6, 2462.

(6) Kimura, M.; Shiba, T.; Yamazaki, M.; Hanabusa, K.; Shirai, H.;
Kobayashi, NJ. Am. Chem. So001, 123 5636.

(7) (a) Gregg, B. A,; Fox, M. A; Bard, A. J. Chem. Soc., Chem. Commun.
1988 1134. (b) Ramasseul, R.; Malcivi, P.; Marchon, J.k@j. Cryst.
1993 13, 729. (c) Ohta, K.; Yamaguchi, N.; YamamotoJlMater. Chem.
1998 8, 2637. (d) Biemans, H. A. M.; Rowan, A. E.; Verhoeven, A.;
Vanoppen, P.; Latterini, L.; Foekema, J.; Schenning, A. P. H. J.; Meijer,
E. W.; de Schryver, F. C.; Nolte, R. J. M. Am. Chem. S0d.998 120,
11054.

(8) Patel, B. R.; Suslick, K. SI. Am. Chem. S0d.998 120, 11802.

(9) (a) Ringsdorf, H.; Watefeld, R.; Zerta, E.; Ebert, M.; Wendorff, J. H.
Angew. Chem., Int. Ed. Engl989 28, 914. (b) Goldmann, D.; Janietz,
D.; Schmidt, C.; Wendorff, J. HA\ngew. Chem., Int. E@00Q 39, 1851.

(10) (a) Tashiro, K.; Aida, T.; Zheng, J.-Y.; Kinbara, K.; Saigo, K.; Sakamoto,
S.; Yamaguchi, KJ. Am. Chem. So&999 121, 9477. (b) Sum, D.; Tham,
F.S.;Reed, C. A,; Chaker, L.; Burgess, M.; Boyd, P. D.JMAm. Chem.
Soc.200Q 122 10704. (c) Zheng, J.-Y.; Tashiro, K.; Hirabayashi, Y.;
Kinbara, K.; Saigo, K.; Aida, T.; Sakamoto, S.; Yamaguchi,Atgew.
Chem., Int. Ed2001 40, 1858.

(11) Izatt, R. M.; Pawlak, K.; Bradshaw, J. S.; Bruening, Rahem. Re.
1991 91, 1721.

(12) (a) Dietel, E.; Hirsch, A.; Zhou, J.; Rieker, A.Chem. Soc., Perkin Trans.
21998 1357. (b) Boulas, P.; Kutner, W.; Jones, M. T.; Kadish, K.J.
Phys. Chem1994 98, 1282 (c) Hatano, T.; lkeda, A.; Akiyama, T.;
Yamada, S.; Sano, Masahiro, Kanekiyo, Y.; ShinkaiJSChem. Soc.,
Perkin Trans. 22000 909.

(13) (a) Diederich, F.; Effing, J.; Jonas, U.; Plesnivy, T.; Ringsdorf, H.; Thilgen,
C.; Weinstein, DAngew. Chem., Int. Ed. Endl992 31, 1599. (b) Felder,
D.; Gallani, J.-L.; Guillon, D.; Heinrich, B.; Nicoud, J.-F.; Nierengarten,
J.-F.Angew. Chem., Int. E@00Q 39, 201. (c) Nishioka, T.; Tashiro, K.;
Aida, T.; Zheng, J.-Y.; Kinbara, K.; Saigo, K.; Sakamoto, S.; Yamaguchi,
K. Macromolecule200Qq 33, 9182.

JA012614P

J. AM. CHEM. SOC. = VOL. 124, NO. 19, 2002 5275



