.

ELSEVIER

Available online at www.sciencedirect.com
SCIENCE (dDIREcT@

Tetrahedron 62 (2006) 4749-4755

Tetrahedron

Synthesis of end-functionalized w-conjugated porphyrin
oligomers

Hiroaki Ozawa,*® Masahiro Kawao,*® Hirofumi Tanaka

a,b,c a,b,c,k

and Takuji Ogawa

Research Center for Molecular-Scale Nanoscience, Institute for Molecular Science, 5-1 Higashiyama, Myodaiji,
Okazaki 444-8787, Japan
Graduate University for Advanced Studies, Hayama, Miura 240-0193, Japan
“Core Research for Evolutional Science and Technology (CREST) of Japan Science and Technology Agency (JST),
Hon-Machi 4-1-8, Kawaguchi, Saitama 332-0012, Japan

Received 26 January 2006; revised 9 March 2006; accepted 10 March 2006
Available online 3 April 2006

Abstract—4-(S-Acetylthiomethyl)phenyl- and pyrenyl-functionalized 7t-conjugated porphyrin oligomers were synthesized. The distribution
of the length of the oligomers could be controlled by changing the ratio of the starting porphyrin to the capping molecules. Oligomers from
dimers to heptamers were isolated using size exclusion chromatography. The spectroscopic properties of these oligomers were measured to
determine the influences of the number of porphyrin units and capping molecules on the absorption and emission spectra.
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1. Introduction

Molecular electronics is a fascinating area of fundamental re-
search with the potential for many future applications.!™* In
recent years, studies on the conductance of single or small
numbers of molecules were reported with intriguing results,
exhibiting such interesting properties as switching,>® the
Coulomb-blockade phenomenon,” field-effect transis-
tor,” 1% and the Kondo effect.””'' As an extension of these
studies, the fabrication of larger nanostructures constructed
from organic molecules as the functional moieties and con-
ductive nanomaterials as the electron transport portion has
been recognized as an important issue for future nanodevices
(Fig. 1). Metal nanoparticles,'>!3 metal nanorods, ' and car-
bon nanotubes'>*1® are promising candidates for conductive
nanomaterials. In order to construct such nanocomposites
made from conductive materials and organic molecules,
functional groups are required to couple these moieties to-
gether. Mercapto or S-acetylthio groups are known to be
good coupling groups to metals,!” and aromatic hydro-
carbons such as pyrene are known to adsorb to the surface
of carbon nanotubes efficiently through 7t— interactions.'®
For the purpose of constructing such nanocomposites'®~22
using a series of porphyrin oligomers as the organic portion,

Supplementary data associated with this article can be found in the online

version at doi:10.1016/j.tet.2006.03.031.

Keywords: Porphyrin oligomers; Spectroscopic properties; 4-(S-Acetylthio-

methyl)phenyl; Pyrenyl.

* Corresponding author. Tel.: +81 564 59 5536; fax: +81 564 59 5535;
e-mail: ogawat@ims.ac.jp

0040-4020/$ - see front matter © 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tet.2006.03.031

Molecule

Figure 1. Schematic diagram of nanostructures consisting end-functional-
ized oligomers and conductive materials.

we synthesized a series of end-functionalized t-conjugated
porphyrin oligomers. One series (la—g) contains 1-[4-(S-
acetylthiomethyl)phenyl]ethynyl groups and another series
(2a—-g) bears 2-pyrenylethynyl groups at the end of the
molecules. Systematic spectroscopic studies of this series of
oligomers were performed to study their electronic properties,
especially to clarify the effects of the end-functional groups
on the main 7t-conjugated electronic systems.

2. Results and discussion
2.1. Synthesis

End-functionalized porphyrin oligomers la-g and 2a-g
were synthesized by the synthetic route shown in Scheme 1.
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Cu(OAc)s,, pyridine
r.t

Cu(OAc)y, pyridine

(CeH13)3Si

6a-f (n=1-6)

2a-g (n=1-7)

Scheme 1. Synthesis of end-functionalized porphyrin oligomers (1a—g and 2a—g) and structures of silicon-functionalized (6a—f) and meso—meso linked (7a—f)

porphyrin oligomers.

Functional alkynes 4 or 5 were used as the capping mole-
cules. The oxidative coupling reaction of compound 3
and these capping molecules via copper catalysis gave a se-
ries of oligomers. The porphyrin-containing products were
first purified by gel permeation chromatography (GPC)
and further isolated by recycling high performance liquid
chromatography GPC (HPLC-GPC). The details of the syn-
thesis and isolation are presented in Section 4. The purities
of these oligomers were confirmed by 'H NMR, MALDI-
TOF-MS, and analytical GPC (see Section 4 and Supporting
information).

The distribution of oligomers could be controlled by chang-
ing the ratio of compound 3 to the capping molecules (4
or 5), as depicted in Figure 2. When the compound ratio
of 3 to 4 was 1:2 (entry 1), the main product was mono-
mer. When the ratio was 5:2 (entry 2), the major products
ranged from tetramer to hexamer. When the ratio was 10:1
(entry 3), the distribution peak of oligomers centered on
a decamer.
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Figure 2. Analytical GPC data of porphyrin oligomers prepared by chang-
ing the compound ratio of 3 to 4. The compound ratios of 3 to 4 were 1:2,
5:2, and 10:1 for entries 1, 2, and 3, respectively.

2.2. UV and fluorescence spectra of the oligomers

UV-vis absorption spectra of end-functionalized porphyrin
oligomers 1la—g and 2a—g in THF are shown in Figure 3a
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Figure 3. UV-vis spectra of: (a) acetylthiomethylbenzene-capped porphy-
rin oligomers 1la—g and (b) pyrene-capped porphyrin oligomers 2a—g mea-
sured in THE.

and b, respectively, and the peak wavelengths A, are tabu-
lated in Table 1. The Soret peaks of the porphyrin oligomers
were gradually red-shifted as the size of the oligomer in-
creased. The Q bands were also red-shifted and intensified
with increasing porphyrin units, indicating a high degree
of conjugation. The Soret and Q band absorption maxima
were dependent on the end-functional groups. Oligomers
2a—g with pyrene end groups showed longer wavelength ab-
sorption compared to the corresponding oligomers la-g
with 4-(S-acetylthiomethyl)phenyl groups. The absorption
coefficients of these oligomers became larger with the in-
creasing number of porphyrin units. The absorption coeffi-
cients increased with a linear relationship to the number of
porphyrin units with the exception of the monomer.

Table 1. The absorption A, (in THF), emission A, (in THF), and fluores-
cence quantum yield of porphyrin oligomers 1a—g and 2a—g

Porphyrin oligomer Absorption A,,/nm Emission® Ap,/nm ¢Fb

1a 455, 661 674 0.09
1b 462, 493, 583, 677, 725 750 0.10
1c 463, 583, 744 780 0.07
1d 463, 584, 752 792 0.08
le 463, 585, 758 800 0.07
1f 463, 585, 764 804 0.07
1g 463, 585, 768 808 0.07
2a 467, 671 688 0.09
2b 468, 583, 685, 730 758 0.12
2c 468, 584, 747 782 0.09
2d 469, 584, 756 796 0.09
2e 469, 584, 762 802 0.07
2f 469, 584, 766 806 0.07
2g 469, 583, 769 808 0.07

# Emission spectra were taken for excitation at Soret band.
b Tetraghenylporphyrin in benzene (TPP, ®=0.11) was used as a stan-
dard.*®

Fluorescence data of these oligomers are also depicted in
Table 1. These emission spectra show no dependency on ex-
citation wavelength and the excitation spectra were coinci-
dent with the absorption spectra, which confirms that these
emissions are not from any impurities. From the absorption
and emission data, HOMO-LUMO energy gaps E, were es-
timated. The values of E, are plotted against the reciprocal of
the number of porphyrin units (1/N) in Figure 4. These plots
are linear, with no sign of saturation. The E, value for 1a ob-
tained from absorption data (1.88 eV) is 0.03 eV larger than
that for 2a (1.85 eV), which is reasonably explained by the
differences in the degree of resonance of the capping moie-
ties. The E, (N=0) values obtained from the intercepts for
a series of 1 and 2 were coincident to be 1.57 eV from the
absorption data and 1.48 eV from the emission data. This
means that though the optical properties of the monomer
were highly influenced by the capping molecules, the effect
decreased with an increasing number of porphyrin units.
Therefore, we can conclude that the optical properties of
long oligomers were minimally influenced by the end-cap-
ping moieties. The reported E, (N=) obtained from the
emission of a series of 6 was 1.34 eV, which is significantly
lower than the values obtained for 1 and 2.2* This can be
attributed to a difference in the measurement conditions.
Because of the low solubility of 6, a small amount of
pyridine was added to the solution. Most likely, the pyridine
molecules coordinated to the zinc metal of each porphyrin
unit, lowering the E, values by the extended resonance.?*

E,/eV

Figure 4. Plot of optical band gap energy E, against the reciprocal of the
number of porphyrin units 1/N for (@) la—g (absorption), () 2a-g
(absorption), (O) la-g (emission), (1) 2a-g (emission), and (A) 6a—f
with pyridine (emission). 3

The relative fluorescence quantum yields were determined
using tetraphenylporphyrin (H,TPP) as the standard
(Pr=0.11).2> The quantum yield of the monomers (1a and
2a) was 0.09, and this decreased gradually with the increase
in the number of porphyrin units (Table 1 and Fig. 5). The
results shown are in sharp contrast with a report for meso—
meso linked porphyrin oligomer 7.262% In the latter
compounds, the quantum yield of the fluorescence for the
monomer was 0.022 and increased as the number of porphy-
rin units increased in the arrays. This phenomenon is attrib-
uted to the increase of the rotational diffusion time by the
anisotropic elongation of the molecules. As the rotational
diffusion time increased, the natural radiative lifetime de-
creased, and consequently the fluorescence quantum yield
increased. The reason for the difference between 7 and 1
or 2 is not clear at present, but the degree of conjugation
between porphyrin moieties might be responsible.
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Figure 5. Plots of quantum yield versus the number of porphyrin units for
(@) la-g, (M) 2a—g, and (A) Ta-g.*¢

3. Conclusion

We report the preparation and isolation of a series of end-
functionalized porphyrin oligomers by a simple coupling
reaction. The distribution of oligomers can be controlled
by the ratio of porphyrin derivative to capping molecules.
UV-vis absorption and fluorescence spectra of the mono-
mers were affected by the capping groups; however, the ef-
fect decreased as the number of porphyrin units increased.
The fluorescence quantum yield decreased as the number
of porphyrin units increased, which showed a sharp contrast
with a series of meso—meso coupled porphyrin oligomers.
Construction of nanostructures consisting these end-func-
tionalized molecules and metal particles or carbon nano-
tubes is now in progress.

4. Experimental
4.1. General

Compounds 3,2°3° 43! and 52 were prepared according to
published literature procedures. All solvents and reagents
were of commercial reagent grade and were used without
further purification except where noted. 'H NMR spectra
were recorded on a JEOL JNM-LA400 spectrometer and
chemical shifts were reported in the delta scale relative to
an internal standard of TMS (6=0.00). Spectroscopic grade
tetrahydrofuran (THF) and benzene were used as solvents
for all spectroscopic measurements. UV—vis absorption
spectra were recorded on a Shimadzu UV-3150 spectro-
photometer. Fluorescence measurements were carried out
with a JASCO FP-6600 spectrometer. Infrared spectra were
obtained on a JASCO FT/IR-460plus. All MALDI-TOF-MS
spectra were obtained using an Applied Biosystem Voyager
DE-STR with 9-nitroanthracene and dithranol as the matri-
ces. Analytical gel permeation chromatography (GPC) was
carried out using Shimadzu LC-6A equipped with a diode
array detector (MD-2015, JASCO) and two serially connected
GPC KF-804L columns. THF was used as the eluent and the
flow rate in all experiments was 1.0 mL/min. Recycling pre-
parative GPC-HPLC was carried out on JAI LC-908 using
serially connected preparative scale JAIGEL-2.5H, 3H,
and 4H columns. Preliminary separation of the oligomers
was performed by open column chromatography-GPC using
Bio-Beads S-X1 (BioRad) and THF as the eluent.

4.2. General procedure

4.2.1. Preparation and isolation of 4-(S-acetylthio-
methyl)phenyl functionalized porphyrin oligomers. In
a round-bottomed flask, compounds 3 (52 mg, 57 umol), 4
(11 mg, 57 pmol), and Cu(OAc), (31 mg, 170 pmol) were
dissolved in 5 mL of pyridine and the mixture was stirred
at room temperature for 12 h. Water was added to the reac-
tion and the resulting precipitate was filtered and washed
with methanol. The precipitate was dissolved in THF and
passed through an open column chromatograph using Bio-
Beads S-X1 (BioRad) to obtain a mixture of the products
containing porphyrin oligomers. These oligomers were fur-
ther isolated by recycling GPC-HPLC to give the following:
1a (5 mg, 6%), 1b (19 mg, 31%), 1¢ (8 mg, 14%), 1d (6 mg,
10%), 1e (5 mg, 8%), 1f (3 mg, 5%), 1g (1 mg, 2%), and
larger oligomers (6 mg). The purity of each homologue
was checked by the following analyses. The "H NMR spec-
trum of each sample showed consistent integrations for all
the resonances, and no evidence of impurities was observed
(Figs. 1S-7S). With the MALDI-TOF-MS spectra, no other
homologues were detected for each isolated product
(Fig. 15S). We conducted analytical GPC analyses of each
product with simultaneous measurements of the absorption
spectra using a diode array detector (Figs. 17S-20S). All
the isolated oligomers showed a single peak clearly distin-
guishable from other oligomers by its retention time and
absorption spectrum (Fig. 25S).

4.2.2. Control of product distribution by changing the
ratio of 3 to 4 (entry 1). In a round-bottomed flask, 3
(52 mg, 57 umol), 4 (225 mg, 118 pmol), and Cu(OAc),
(30 mg, 167 umol) were dissolved in 5 mL of pyridine and
the mixture was stirred at room temperature for 12 h. Water
was added to the reaction and the resulting precipitate was
filtered and washed with methanol. The precipitate was
dissolved in THF and passed through an open column chro-
matograph using Bio-Beads S-X1 (BioRad) to obtain a
mixture of the products containing porphyrin oligomers
(55 mg). The distribution of the products was determined
by analytical GPC of the mixture.

4.2.3. Control of product distribution by changing the ra-
tio of 3 to 4 (entry 2). In a round-bottomed flask, 3 (51 mg,
55 pmol), 4 (4 mg, 20 pumol), and Cu(OAc), (30 mg,
170 pmol) were dissolved in 5 mL of pyridine and the mix-
ture was stirred at room temperature for 12 h. Water was
added to the reaction and the resulting precipitate was fil-
tered and washed with methanol. The precipitate was dis-
solved in THF and passed through an open column
chromatograph using Bio-Beads S-X1 (BioRad) to obtain
a mixture of the products containing porphyrin oligomers
(42 mg). The distribution of the products was determined
by analytical GPC of the mixture.

4.2.4. Control of product distribution by changing the
ratio of 3 to 4 (entry 3). In a round-bottomed flask, 3
(51 mg, 56 pmol), a THF solution of 4 (52 pL solution of
10 mg/mL concentration, 2.8 pmol) and Cu(OAc), (30 mg,
167 pmol) was dissolved in 5 mL of pyridine and the mix-
ture was stirred at room temperature for 12 h. Water was
added to the reaction and the resulting precipitate was fil-
tered and washed with methanol. The precipitate was
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dissolved in THF and passed through an open column chro-
matograph using Bio-Beads S-X1 (BioRad) to obtain a mix-
ture of the products containing porphyrin oligomers
(36 mg). The distribution of the products was determined
by analytical GPC of the mixture.

4.2.5. Preparation and isolation of pyrenyl-functional-
ized porphyrin oligomers. In a round-bottomed flask, 3
(51 mg, 56 pmol), 5§ (13 mg, 56 umol), and Cu(OAc),
(30 mg, 167 pmol) were dissolved in 5 mL of pyridine and
the mixture was stirred at room temperature for 12 h. Water
was added to the reaction and the resulting precipitate was
filtered, washed with methanol, and roughly purified by
open column chromatography-GPC. The oligomers were
isolated by a recycling GPC-HPLC to give the following:
2a (13 mg, 18%), 2b (14 mg, 23%), 2¢ (10 mg, 16%), 2d
(7 mg, 12%), 2e (4 mg, 6%), 2f (3 mg, 6%), 2g (2 mg,
4%), and larger oligomers (4 mg). The purity of each homo-
logue was checked by the following analyses. The 'H NMR
spectra of each sample showed consistent integrations for all
the resonances, and no evidence of impurities was observed
(Figs. 8S-14S). With the MALDI-TOF-MS spectra, no other
homologues were detected for each isolated product
(Fig. 16S). We conducted analytical GPC analyses of each
product with simultaneous measurements of the absorption
spectra using a diode array detector (Figs. 215-24S). All
the isolated oligomers showed a single peak clearly distin-
guishable from other oligomers by its retention time and
absorption spectrum (Fig. 26S).

4.2.5.1. Compound la. '"H NMR (400 MHz, ds-THF)
0 9.57 (d, J=5 Hz, 4H, B-pyrrole), 8.96 (d, /=5 Hz, 4H, B-
pyrrole), 7.65 (d, J/=8.3 Hz, 4H, Ar), 7.40 (d, J/=8.3 Hz,
4H, Ar), 7.32 (d, J=2 Hz, 4H, Ar), 6.95 (t, J=2 Hz, 2H,
Ar), 4.21 (t, J=7 Hz, 8H, OCH,), 4.18 (s, 4H, SCH,Ph),
2.34 (s, 6H, C(O)CHj3), 1.92 (sext, /=7 Hz, 8H, CH,),
1.77 (m, J=7 Hz, 4H, CH), 1.00 (d, J=7 Hz, 24H, CH3).
HRMS (MALDI-TOF) calcd for C78H76N406S2ZH
1292.4492, found 1292.4489. UV-vis (THF) A,.x (loge)
455 (5.56), 661 (4.84) nm. Fluorescence (THF, A.,=455 nm)
Aem 674 nm. IR (KBr) 2952, 2930, 2868, 2132, 2195, 1588,
1163 cm™!.

4.2.5.2. Compound 1b. '"H NMR (400 MHz, ds-THF)
0 9.87 (d, J=5 Hz, 4H, B-pyrrole), 9.60 (d, /=5 Hz, 4H,
B-pyrrole), 9.06 (d, J=5Hz, 4H, B-pyrrole), 9.00 (d, J=
5 Hz, 4H, B-pyrrole), 7.67 (d, J=8 Hz, 4H, Ar), 7.41 (d,
J=8 Hz, 4H, Ar), 7.38 (d, /=2 Hz, 8H, Ar), 6.97 (t, J=
2 Hz, 4H, Ar), 4.24 (t, J=6.6 Hz, 16H, OCH,), 4.18 (s,
4H, SCH,Ph), 2.34 (s, 6H, C(O)CH3), 1.92 (sext, J=
6.6 Hz, 16H, CH,), 1.77 (m, J=6.6 Hz, 8H, CH), 1.01 (d,
J=6.6 Hz, 48H, CH3;). HRMS (MALDI-TOF) calcd for
C|34H]34N80|052Zn2 22068241, found 2206.8234. UV-
vis (THF) A« (loge) 462 (5.50), 493 (4.95), 583 (4.19),
677 (4.82), 725 (4.75) nm. Fluorescence (THF, A.,=462 nm)
Aem 752 nm. IR (KBr) 2954, 2927, 2869, 2130, 2194, 1589,
1163 cm™!.

4.2.5.3. Compound 1c. '"H NMR (400 MHz, ds-THF)
0 9.88 (m, 8H, B-pyrrole), 9.60 (d, /=5 Hz, 4H, B-pyrrole),
9.08 (m, 8H, B-pyrrole), 9.00 (d, /=5 Hz, 4H, B-pyrrole),
7.67 (d, J=8 Hz, 4H, Ar), 7.41 (d, 4H, Ar), 7.38 (m, 12H,
Ar), 6.97 (m, 6H, Ar), 4.24 (m, 24H, OCH,), 4.19 (s, 4H,

SCH,Ph), 2.35 (s, 6H, C(O)CH3), 1.92 (m, 24H, CH,),
1.77 (m, 12H, CH), 1.02 (m, 72H, CH3). HRMS (MALDI-
TOF) calcd for C]90H192N]2014SQZH3 31211991, found
3121.2266. UV-vis (THF) A,.x (loge) 463 (5.56), 583
(4.29), 744 (5.03) nm. Fluorescence (THF, A.,=463 nm)
Aem 786 nm. IR (KBr) 2954, 2927, 2868, 2129, 2162,
1590, 1156 cm™".

4.2.5.4. Compound 1d. '"H NMR (400 MHz, ds-THF)
0 9.88 (m, 12H, B-pyrrole), 9.60 (d, J=5 Hz, 4H, B-pyrrole),
9.08 (m, 12H, B-pyrrole), 9.00 (d, J=5 Hz, 4H, B-pyrrole),
7.67 (d, J=8 Hz, 4H, Ar), 7.41 (d, 4H, Ar), 7.38-7.44 (m,
16H, Ar), 6.97 (m, 8H, Ar), 4.24 (m, 32H, OCH,), 4.19 (s,
4H, SCH,Ph), 2.35 (s, 6H, C(O)CH3), 1.92 (m, 32H, CH,),
1.77 (m, 16H, CH), 1.02 (m, 96H, CH3). MS (MALDI-
TOF) calcd for C246H25ON16018522n4 40417, found
4041.5. UV—vis (THF) A.x (loge) 463 (5.70), 584 (4.43),
752 (5.24) nm. Fluorescence (THF, A.,=463 nm) A,
800 nm. IR (KBr) 2953, 2927, 2869, 2128, 2162, 1588,
1163 cm™ .

4.2.5.5. Compound le. 'H NMR (400 MHz, ds-THF)
0 9.88 (m, 16H, B-pyrrole), 9.60 (d, J=5 Hz, 4H, B-pyrrole),
9.08 (m, 16H, B-pyrrole), 9.00 (d, /=5 Hz, 4H, B-pyrrole),
7.67 (d, J=8 Hz, 4H, Ar), 7.41 (d, 4H, Ar), 7.38-7.44 (m,
20H, Ar), 6.97 (m, 10H, Ar), 4.24 (m, 40H, OCH,), 4.19
(s, 4H, SCH,Ph), 2.35 (s, 6H, C(O)CHj3), 1.92 (m, 40H,
CH,), 1.77 (m, 20H, CH), 1.02 (m, 120H, CHj). MS
(MALDI-TOF) calcd for C302H308N2002252Zn5 4964, found
4960. UV-vis (THF) Apax (log €) 463 (5.88), 585 (4.63), 758
(5.46) nm. Fluorescence (THF, A.,=463 nm) A, 814 nm.
IR (KBr) 2953, 2926, 2868, 2128, 2162, 1588, 1162 cm™".

4.2.5.6. Compound 1f. '"H NMR (400 MHz, ds-THF)
0 9.88 (m, 20H, B-pyrrole), 9.60 (d, J=5 Hz, 4H, B-pyrrole),
9.08 (m, 20H, B-pyrrole), 9.00 (d, /=5 Hz, 4H, B-pyrrole),
7.67 (d, J=8 Hz, 4H, Ar), 7.41 (d, 4H, Ar), 7.38-7.44 (m,
24H, Ar), 6.97 (m, 12H, Ar), 4.24 (m, 48H, OCH,), 4.19
(s, 4H, SCH,Ph), 2.35 (s, 6H, C(O)CHj3), 1.92 (m, 48H,
CH,), 1.77 (m, 24H, CH), 1.02 (m, 144H, CHj). MS
(MALDI-TOF) calcd for C358H366N24O26S2Zn6 5881 s found
5876. UV—-vis (THF) A.x (log €) 463 (5.97), 585 (4.81), 764
(5.56) nm. Fluorescence (THF, A.,=463 nm) A, 816 nm.
IR (KBr) 2954, 2926, 2868, 2126, 2162, 1588, 1163 cm ™.

4.2.5.7. Compound 1g. 'H NMR (400 MHz, ds-THF)
0 9.88 (m, 24H, B-pyrrole), 9.60 (d, J=5 Hz, 4H, B-pyrrole),
9.08 (m, 24H, B-pyrrole), 9.00 (d, /=5 Hz, 4H, B-pyrrole),
7.67 (d, J=8 Hz, 4H, Ar), 7.41 (d, 4H, Ar), 7.38-7.44 (m,
28H, Ar), 6.97 (m, 14H, Ar), 4.24 (m, 56H, OCH,), 4.19
(s, 4H, SCH,Ph), 2.35 (s, 6H, C(O)CH3), 1.92 (m, 56H,
CH,), 1.77 (m, 28H, CH), 1.02 (m, 168H, CHs). MS
(MALDI-TOF) calcd for C4]4H424N28030S2Zn7 6799, found
6792. UV—-vis (THF) A,.x (log €) 463 (6.01), 585 (4.72), 768
(5.61) nm. Fluorescence (THF, A.,=463 nm) A., 816 nm.
IR (KBr) 2953, 2927, 2869, 2121, 2166, 1588, 1162 cm™".

4.2.5.8. Compound 2a. 'H NMR (400 MHz, ds-THF)
0 9.57 (d, J=5Hz, 4H, B-pyrrole), 9.02 (d, J=5 Hz, 4H,
B-pyrrole), 8.83 (d, /=9 Hz, 2H, pyrene), 8.42-8.05 (16H,
m, pyrene), 7.38 (d, /=2 Hz, 4H, Ar), 6.98 (t, J=2 Hz, 2H,
Ar), 4.23 (t, J=7 Hz, 8H, OCH,), 1.94 (sext, /=7 Hz, 8H,
CH,), 1.79 (m, J=7 Hz, 4H, CH), 1.01 (d, J=7 Hz, 24H,
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CH3) HRMS (MALDI-TOF) calcd for C92H76N4O4Zn
1364.5152, found 1364.5150. UV-vis (THF) A,.x (loge)
467 (5.47), 671 (4.88) nm. Fluorescence (THF, A.,=467 nm)
Aem 688 nm. IR (KBr) 2952, 2927, 2870, 2127, 2184, 1587,
1163 cm™".

4.2.5.9. Compound 2b. 'H NMR (400 MHz, ds-THF)
0 9.88 (d, J=5 Hz, 4H, B-pyrrole), 9.72 (d, J=5 Hz, 4H,
B-pyrrole), 9.08 (d, J=5Hz, 4H, B-pyrrole), 9.05 (d,
J=5Hz, 4H, B-pyrrole), 8.86 (d, J=9 Hz, 2H, pyrene),
8.44-8.06 (m, 16H, pyrene), 7.40 (d, /=2 Hz, 8H, Ar),
6.99 (t, J=2Hz, 4H, Ar), 4.25 (t, /=7 Hz, 16H, OCH,),
1.94 (sext, J=7 Hz, 16H, CH,), 1.80 (m, J=7 Hz, 8H,
CH), 1.02 (d, /=7 Hz, 48H, CHs). HRMS (MALDI-TOF)
calcd for C143H|34N3082n2 22788902, found 2278.8881.
UV-vis (THF) A,.x (loge) 468 (5.42), 580 (4.18), 685
(4.86), 730 (4.79) nm. Fluorescence (THF, A.,=468 nm)
Aem 758 nm. IR (KBr) 2953, 2927, 2869, 2127, 2184,
1588, 1164 cm™".

4.2.5.10. Compound 2c. '"H NMR (400 MHz, ds-THF)
0 9.91 (m, 8H, B-pyrrole), 9.73 (d, J=5 Hz, 4H, B-pyrrole),
9.10 (m, 8H, B-pyrrole), 9.05 (d, J=5 Hz, 4H, B-pyrrole),
8.86 (d, /=9 Hz, 2H, pyrene), 8.44-8.00 (m, 16H, pyrene),
7.42 (m, 12H, Ar), 6.99 (m, 6H, Ar), 425 (m, 24H,
OCH,), 1.96 (m, 24H, CH,), 1.82 (m, 12H, CH), 1.03
(m, 72H, CH;). HRMS (MALDI-TOF) calcd for
Cr04H 195N 1,01,Zn5 3193.2651, found 3193.2678. UV-vis
(THF) Aax (loge) 468 (5.56), 584 (4.35), 747 (5.07) nm.
Fluorescence (THF, A.,=468 nm) A., 782 nm. IR (KBr)
2954, 2928, 2868, 2125, 2167, 1587, 1162 cm ™.

4.2.5.11. Compound 2d. 'H NMR (400 MHz, ds-THF)
09.91 (m, 12H, B-pyrrole), 9.73 (d, J=5 Hz, 4H, B-pyrrole),
9.10 (m, 12H, B-pyrrole), 9.05 (d, J=5 Hz, 4H, B-pyrrole),
8.86 (d, /=9 Hz, 2H, pyrene), 8.45-8.00 (m, 16H, pyrene),
7.42 (m, 16H, Ar), 6.99 (m, 8H, Ar), 426 (m, 32H,
OCH,), 1.96 (m, 32H, CH,), 1.82 (m, 16H, CH), 1.03
(m, 96H, CH;). MS (MALDI-TOF) calcd for
C260H250N16016Zn4 4117, found 4116. UV-vis (THF)
Amax (log €) 469 (5.66), 584 (4.37), 756 (5.24) nm. Fluores-
cence (THF, A.4=469 nm) A., 796 nm. IR (KBr) 2954,
2925, 2869, 2126, 2167, 1588, 1163 cm ™.

4.2.5.12. Compound 2e. '"H NMR (400 MHz, ds-THF)
09.91 (m, 16H, B-pyrrole), 9.73 (d, J=5 Hz, 4H, B-pyrrole),
9.10 (m, 16H, B-pyrrole), 9.05 (d, J=5 Hz, 4H, B-pyrrole),
8.86 (d, /=9 Hz, 2H, pyrene), 8.45-8.00 (m, 16H, pyrene),
7.42 (m, 20H, Ar), 6.99 (m, 10H, Ar), 4.26 (m, 40H,
OCH,), 1.96 (m, 40H, CH,), 1.82 (m, 20H, CH), 1.03
(m, 120H, CH;). MS (MALDI-TOF) caled for
C316H308N20020Zn5 5034, found 5031. UV-vis (THF)
Amax (log €) 469 (5.84), 584 (4.55), 762 (5.43) nm. Fluores-
cence (THF, A,=469 nm) A., 802 nm. IR (KBr) 2951,
2927, 2870, 2126, 2167, 1588, 1162 cm™".

4.2.5.13. Compound 2f. 'H NMR (400 MHz, ds-THF)
09.91 (m, 20H, B-pyrrole), 9.73 (d, J=5 Hz, 4H, B-pyrrole),
9.10 (m, 20H, B-pyrrole), 9.05 (d, J=5 Hz, 4H, B-pyrrole),
8.86 (d, /=9 Hz, 2H, pyrene), 8.45-8.00 (m, 16H, pyrene),
7.42 (m, 24H, Ar), 6.99 (m, 12H, Ar), 4.26 (m, 48H,
OCH,), 1.96 (m, 48H, CH,), 1.82 (m, 24H, CH), 1.03
(m, 144H, CH;). MS (MALDI-TOF) calcd for

C372H366N24024Zn6 5953, found 5948. UV-vis (THF)
Amax (log €) 469 (5.88), 584 (4.71), 766 (5.49) nm. Fluores-
cence (THF, A.4=469 nm) A., 806 nm. IR (KBr) 2956,
2927, 2869, 2126, 2162, 1588, 1163 cm™!.

4.2.5.14. Compound 2g. 'H NMR (400 MHz, ds-THF)
0 9.91 (m, 24H, B-pyrrole), 9.73 (d, J=5 Hz, 4H, B-pyrrole),
9.10 (m, 24H, B-pyrrole), 9.05 (d, J=5 Hz, 4H, B-pyrrole),
8.86 (d, /=9 Hz, 2H, pyrene), 8.45-8.00 (m, 16H, pyrene),
7.42 (m, 28H, Ar), 6.99 (m, 14H, Ar), 426 (m, 56H,
OCH,), 1.96 (m, 56H, CH,), 1.82 (m, 28H, CH), 1.03
(m, 168H, CH;). MS (MALDI-TOF) calcd for
C428H424N2302321’17 6868, found 6861. UV-vis (THF)
Amax (log €) 469 (5.97), 583 (4.78), 769 (5.59) nm. Fluores-
cence (THF, A.,=469 nm) A., 808 nm. IR (KBr) 2954,
2927, 2869, 2126, 2162, 1588, 1163 cm™!.
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