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ABSTRACT

12

A series of novel nanosized s-conjugated molecules based on both truxene and porphyrin moieties with high fluorescence quantum yields
have been prepared via the Suzuki cross-coupling and the Lindsey reactions. The investigation of optical properties demonstrates that various
aryl groups as the antenna efficiently enhance the intramolecular and intermolecular energy transfer. These nanosized macromolecules emitting
intense red light might be good candidates for photonic and electronic devices.

Recently, the design and synthesis of nanosizednjugated synthetic approachlimportantly, their biological activity as
macromolecules has rapidly become a vigorous research topi@antennas and the efficient light-harvesting abilities in photo-
as a result of their momentous applications, such as active
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i i ; 643. (f) Higuchi, M.; Shiki, S.; Ariga, K.; Yamamoto, KI. Am. Chem.
as the ease Of IntrOdUCtlon. of functional groapSUCh . Soc.2001,123, 4414. (g) Xia, C.; Fan, X.; Locklin, J.; Advincula, R. C.
features ofr-conjugated dendrimers are therefore appropriate org. Lett.2002 4, 2067. (h) Satoh, N.; Cho, J.-S.; Higuchi, M.; Yamamoto,
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; A ; ; A.; Cho, J.-S.; Higuchi, M.; Yamamoto, Blacromolecule2004 37, 5531.
P_orphyrlns as bU|Id|_ng blocks prc_JV|de an exten5|_vely (m) Shen. X Ho, D. M.; Pascal, R. A.. Ir. Am. Chem. So@004,126.
conjugated two-dimensionatsystem with a relatively facile  5798. (n) Yamamoto, K.; Higuchi, M.; Shiki, S.; Tsuruta, M.; Chiba, H.

Nature 2002,415, 509.

(1) (@) Moore, J. SAcc. Chem. Red.997,30, 402. (b) Caminade, A.- (3) (a) Halim, M.; Pillow, J. N. G.; Samuel, I. D. W.; Burn, P. Adv.
M.; Majoral, J.-P Acc. Chem. Re2004 37, 341. (c) Schliiter, A. D.; Rabe, Mater.1999,11, 371. (b) Lupton, J. M.; Samuel, I. D. W.; Beavington, R.;
J. P.Angew. Chem., Int. EQ000,39, 864. (d) Harth, E. M.; Hecht, S.; Burn, P. L.; Bassler, HAdv. Mater.2001, 13, 258. (c) Beavington, R.;
Helms, B.; Malmstrom, E. E.; Fréchet, J. M. J.; Hawker, . Am. Chem. Frampton, M. J.; Lupton, J. M.; Burn, P. L.; Samuel, |. D. Adv. Funct.
S0c.2002 124, 3926. (e) Ma, Q.; Remsen, E. E.; Kowalewski, T.; Wooley, Mater.2003 13, 211. (d) Kwon, T. W.; Alam, M. M.; Jenekhe, S. Bhem.

K. L. J. Am. Chem. So2001,123, 4627. Mater. 2003,16, 4657.

10.1021/0l051221i CCC: $30.25  © 2005 American Chemical Society
Published on Web 08/13/2005



synthetic bacteria as well as the use in molecular conductive|jj| | ARG
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wires and optoelectronic devices have received extensive
attention’ Although considerable efforts have been made for
exploration of multiporphyrin arrays with flexifl@nd rigid
dendrong, to develops-conjugated porphyrin-containing
dendrimers as the core and/or as the bridge for the nano-
materials has still been of recent concern.

In this contribution, we present a seriesmotonjugated

nanosized macromolecules containing two chromophores Br

(porphyrin and truxene moieties). For example, the diameter
of 3is ca. 5.2 nm (see S| S1%521), which represents one
of the largest known conjugated dendrimers based on
prophyrin? We also develop a highly convenient diversity
approach to such porphyrin-containingconjugated den-
drimers through the Suzuki coupling and the Lindsey
reactions. We achieve highly intense red light emission from
1-6, because truxene moieties with long alkyl chains

radically enhance the solubility and suppress the aggregation

in solid states and obviously reduce the self-quench of
porphyrin’s fluorescence.

The readily available starting materibed was reported in
our previous contribution®. Scheme 1 shows the approach
to 7—12as the precursors af-6. The Suzuki cross-coupling
reaction of tribromotruxene with 4-formylbenzeneboronic
acid catalyzed by Pd(PBin a mixture of THF and aqueous
sodium carbonate solutions provid&din moderate yield
(70%). Finally, we obtaine@, 9, 10, and12 from 7 and11
from 13 in good vyields (76-90%) by using various aryl-
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Karotki, A.; Kruk, M.; Dzenis, Y.; Rebane, A.; Suo, Z.; Spangler, C.JVN.
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aReagents and conditions: (a) 4-formylbenzeneboronic acid,
Pd(PPh)s, THF, reflux; (b) arylboronic acid, Pd(PRk THF,
reflux; (c) NBS, CHCly/acetic acid, 0C; (d) 2-thiophenylboronic
acid, Pd(PP¥),, THF, reflux.
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boronic acids. Bromination df0 with NBS in CHCl, and
acetic acid (v/v= 1:1) afforded13 (90%).

As outlined in Scheme 2, the products through the Adler
reaction using propionic acid as the catalyst and solvent were
too difficult to be purified* Trifluoroacetic acid was not
powerful enough to construct such large molecéteSor-
tunately, the condensation Gf12 with distilled pyrrole
using BR-Et,O and ethanol as catalyst and £&Hp as solvent
in an aerobic dark environment, following by DDQ oxidation
and EgN neutralization, afforded porphyrirls—6 at about
20% vyields!® We also employed the Suzuki reaction bf
with various arylboronic acid to produ@-6; however, the
yields were quite low and it was difficult to purify the desired
products'* Therefore, such fairly convenient and highly
diversified convergent strategy provides us the possibility
to develop nanosized-conjugated porphyrins with various
aromatic substituents at outermost.

(11) Adler, A. D.; Longo, F. R.; Finarelli, J. D.; Goldmacher, J.; Assour,
J.; Korsakoff, L.J. Org. Chem1967,32, 476.

(12) Lindsey, J. S.; Schreiman, I. C.; Hsu, H. C.; Kearney, P. C,;
Marguerettaz, A. MJ. Org. Chem1987,52, 827.

(13) Vollmer, M. S.; Wurthner, F.; Effenberger, F.; Emele, P.; Meyer,
D. U.; Stumpfig, T.; Port, H.; Wolf, H. CChem. Eur. J1998,4, 260.

(14) Kimura, M.; Shiba, T.; Muto, T.; Hanabusa, K.; Shirai, H.
Macromolecules1999,32, 8237.
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Scheme 2
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aReagents and conditions: (a) (i) BEt,O, Ethanol, CHCI,,

(if) DDQ, (iii) NEt3; (b) propionic acid, reflux; (c) (i) trifluoroacetic

acid, (i) DDQ, (iil) NEt, Figure 1. Normalized absorbance (top) and fluorescence (bottom)

spectra ofl—6 in solution states at room temperature. Emission
spectra were obtained upon excitation at the absorption maxima.

Porphyrinsl—6 were readily soluble in common organic

solvents such as toluene, @1, chloroform, and THF. The All PL spectra in dilute THF solutions exhibited charac-
structure and purity of all new compounds was characterizedieristics of the porphyrin chromophore (at about 650 nm)
clearly with *H and **C NMR spectra and matrix-assisted and truxene derivatives (at about 30400 nm) as well as
laser desorption ionization time-of-flight (MALDI-TOF)  another peak at 400600 nm, respectively. The fluorescence
mass spectroscopy (see S| SZ50). ‘H NMR spectra  guantum yields®F) of 1—6were from 0.19 to 0.30, which
showed expected signals for the inner proton of porphyrin was much higher than lots of porphyrin derivatives; for
moiety at around—2.50 ppm together with the aromatic example, the quantum yield of TPP was about G51.
protons (at about 9.10 ppm) corresponding to porphyrin compounds exhibited strong red light emission with high

moieties. _ _ fluorescence quantum yieldbE = 0.30), indicating that it
The absorption and photoluminescent (PL) spectra of could be a good candidate for red-emitting materials.
porphyrin derivatived—6 were recorded both in dilute THF To understand the energy transfer we first carried out the

solutions (10° M) and in thin films as shown in Figures 1 p| measurement at the absorption maximum of the dendron
and 2. Table S1 summarizes their physical properties. In gnd the core. The photoluminescent excitation (PLE) spectra
Figure 1,1—6 show the main features of absorption spectra of 1—6 were also recorded under excitation at 650 nm across
including four Q-bands in the region of 56000 nm (which  the absorption spectrum (see S| SEL7). Both PL and PLE

were consistent with a free-base porphyrin), the Soret bandesyits demonstrated that highly efficient energy transfer from
at 425 nm, and the truxene moiety at 3130 nm,  the truxene moieties to the porphyrin core was achieved

respectively. We also observed that to introduce the different gying to the antenna effect of eight aryl branches at the outer
aryl groups resulted in a red-shift of the absorption peaks of space.

truxene moieties (328 nm fdt, 334 nm for3, 340 nm for Solid films of 1—6 on quartz plates were spin-coated with
4, 375 nm for5 and 341 nm fos6, respectively) due to the 10 mg/mL THF solutions at 1000 rpm and recorded in Figure
increase of the effective conjugation length throughr* 2. We observed that absorption behaviorslef6 in films

delocalization. In comparison with TPP (tetraphenyl- \ere almost identical with those in solutions, which implied
porphyrin)?" the Soret band o2—6 exhibited slight red-

shift (about 9 nm). (15) Seybold, P. G.; Gouterman, M. Mol. Spectrosc1969,31, 1.
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Figure 2. Normalized absorbance (top) and fluorescence (bottom)
spectra ofl—6 in film states at room temperature. Emission spectra
were obtained upon excitation at the absorption maxima.

that intermolecularr—s aggregation was suppressed in films
owing to the long alkyl chains. However, the Soret band of
the porphyrin core red-shifted about 8 nm (433 nm) relative
to those in solutions (425 nm).

In thin films, 1—6 exhibited intense light emission at about
650 nm, which blue-shifted about 10 nm compared with TPP

as a result of the large torsion angle between the porphyrin
core and the truxene moieties. All results indicated that the

large steric effect of the truxene skeleton significantly

4074

reduced ther— aggregation of the porphyrin core. Interest-
ingly, we observed that emission peaks in the blue region
were obviously decreased frobrto 6, which were identical
with the red-shift of the absorption behaviors frdm6. We

also found more efficient energy transfer in films than in
solutions, because it was enhanced in solid films and the
torsion angle between porphyrin and truxene moieties was
smaller in films than in solution®. With alteration of the
outermost aryl units, irradiation of the truxene segments
resulted in the intensity of emission bands between 350 and
500 nm weakening and the one of the porphyrin at around
650 nm increasing. This indicated that the efficiency of
energy transfer from truxene arms to the porphyrin core
enhanced with the increase of the effective conjugation length
from benzene to the fluorene units. The remaining emission
in blue region accounted for the competition between the
direct emission from truxene moieties and energy transfer
from truxene to porphyrin core.

In summary, we have developed a convenient and highly
diversified route to construct novel, monodispersed, nano-
sized r-conjugated dendrimers based on truxene and por-
phyrin segments. These nanosized molecules show intense
red light emitting properties with high fluorescence quantum
yields both in solutions and in films. We also demonstrate
that excitation of the truxene moieties leads to energy transfer
to the luminescent core, and such energy transfer relies on
the aromatic units at the outermost. Evaluating new materials
based on this molecular backbone and applications in
optoelectronic devices are still in investigation in our
laboratory.
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