
10.1021/ol300585v r 2012 American Chemical Society
Published on Web 04/10/2012

ORGANIC
LETTERS

2012
Vol. 14, No. 8
2122–2125

Synthesis and Characterization of Novel
Fused Porphyrinoids Based on Cyclic
Carbazole[2]indolones

Chihiro Maeda* and Naoki Yoshioka*

Department of Applied Chemistry, Faculty of Science and Technology, Keio University,
Kohoku-ku, Yokohama 223-8522, Japan

cmaeda@applc.keio.ac.jp; yoshioka@applc.keio.ac.jp

Received March 15, 2012

ABSTRACT

The carbazole- and indolone-based porphyrinoids 3 and 4 were synthesized by stepwise transition-metal-catalyzed coupling reactions. Palladium
metalation of 4 produced 4Pd, which exhibits near-infrared absorption.

Porphyrins are a class of tetrapyrrolic ligands that are of
exceptional importance in various biological processes
such as photosynthesis, and which also have applications
in catalysis, anion sensing, and optical devices.1 Porphyr-
ins typically absorb strongly in the visible region of the
spectrum, although the fusion of additional aromatic rings
to the core porphyrin structure results in expanded
π-conjugation and additional absorption within the

near-infrared (NIR) region.2 Fused porphyrins absorbing
in the NIR are anticipated to have applications in photo-
dynamic therapy, since they allow the use of harmless low
energy excitation wavelengths, as well as in the production
of dye-sensitized solar cells.
Carbazole derivatives have often been studied as novel

materials since they are highly emissive, electron conduct-
ing, easily modified, and chemically stable.3 Since carba-
zole is a benzene-fused pyrrole, its incorporation into fused
porphyrins presents interesting possibilities. We recently
reported the synthesis of the carbazole-based porphyrinoid 1,
which exhibits distinct aromaticity and NIR absorption
owing to extended π-conjugation over the macrocycle.4
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Despite the potential usefulness of such carbazole-based
porphyrinoids, only a few examples have been reported to
date.5,6 Here we report the synthesis of the novel porphyr-
inoids 2, 3, and 4, containing both carbazole and indole
moieties (Figure 1).

Our synthetic methodology is shown in Scheme 1. The
initial intent was to synthesize 2, which is similar in
structure to 1 with regard to the benzo-fused positions,
via the annulation reaction of 9 with Na2S.

7 In the first
synthetic step, starting compound 3,6-di-tert-butyl-1,8-
bis(trimethylsilylethynyl)carbazole (5) was coupled with
4-tert-butyl-2,6-diiodoaniline via the Sonogashira reac-
tion. The subsequent InCl3-catalyzed cyclization reaction8

of 6 produced the bis(7-iodoindol-2-yl)-substituted carba-
zole (7). Ethynyl groups were introduced to 7 via the
Sonogashira coupling reaction followed by trimethylsilyl
deprotection with K2CO3, resulting in 8. The Glaser
coupling reaction of 8 gave a red-colored product, which
we expected would be 9. Spectral analyses, however,
established that the product was instead 3, the oxygen
adduct of 9. High-resolution electrospray-ionization (HR-
ESI)mass spectral data show the parent ion peak of 3 at an
m/z value of 696.3607 (calcd for C48H45N3O2 [MþH]þ=
696.3585). Furthermore, the 13C NMR spectrum of this
product exhibits a carbonyl peak at δ=194.83 ppm. Slow
diffusion of acetonitrile vapor into a chloroform solution
of 3 resulted in the formation of well-defined crystals.

X-ray diffraction analysis unambiguously demonstrates
that the structure of 3 contains indolone units (Figure 2).9,10

The mean plane deviation of the macrocycle is 0.083 Å,
indicating a highly planar structure. Within the crystal
packing structure, molecules of 3 self-stack at intervals of
3.3 Å, as a result of π�π interaction (Figure S11 in the
Supporting Information).

Additionally, the Stille coupling reaction of 7 with bis-
(tributylstannyl)thiophene afforded the core modified iso-
phrolin 2. The HR-ESI mass spectrum of 2 shows the
parent ion peak at an m/z value of 700.3744 (calcd for
C48H51N3S [M � H]� = 700.3731). Interestingly, it was
found that 2 could be converted into the dioxygenated
product 4 through MnO2 oxidation.
The 1HNMR spectrumof 3 exhibits a single set of peaks

with downfield shifts for carbazole protons (9.32 and 8.82
ppm), indicating a diatropic ring current. Such shifts were
not observed for 4 (see the Supporting Information). The
UV�vis absorption spectra of 2, 3, and 4 are shown in
Figure 3. While the spectrum of 2 exhibits absorption
primarily in the UV region, the spectra of 3 and 4 are

Figure 1. Structures of carbazole-based porphyrinoids 1�4.

Scheme 1. Synthesis of 2, 3, and 4
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considerably broader and extend into the visible region.
The addition of TFA to CH2Cl2 solutions of either 2, 3, or
4 resulted in a significant change in the color of the
solutions as a result of red-shifted absorption (Figure S8
in the Supporting Information).
Cyclic voltammetry of 3 and 4was performed in order to

estimate the relatively narrow optical HOMO�LUMO
gap. The cyclic voltammogram of 3 exhibits one irrever-
sible oxidation wave (0.73 V) and one reduction wave
(�1.06 V), while that of 4 exhibits two reversible oxidation
waves (0.40, 0.69 V) and reduction waves (�1.19,�1.30 V)
(Figure 4). It is worth noting that the two reversible oxida-
tions and reductions seen with 4 are typical for porphyr-
inoids, where the electrochemical HOMO�LUMO band
gap (1.59 V) is relatively narrow, likely because of extended
π-conjugation.

DFT calculations were performed in order to further
elucidate the structures and electronic properties of these
compounds (Figure 5).11 The calculated HOMO�LUMO
gaps of 3 and 4 are narrower than in 2, which is consistent
with the absorption spectroscopy results. Interestingly, the
LUMO and LUMOþ 1 of 3 and 4 exhibit large electronic
coefficients related to the indolone moieties, suggesting
that indolones act as an acceptor, and observed broad
absorption bands in the visible region are due to intramo-
lecular charge transfer. The NICS values at the center
positions of 2 and 4 were calculated to be 2.02, �0.71,
respectively, while the values at inner positions of 3 are
negative, although the absolute values were not so high.
These NICS results, along with the results of 1H NMR

Figure 2. X-ray crystal structure of 3. tert-Butyl groups and
hydrogen atoms except for the NH proton are omitted for
clarity. The thermal ellipsoids were at a 50% probability level.

Figure 3. UV�vis absorption spectra in CH2Cl2 (black line, 2;
red line, 3; blue line, 4).

Figure 4. Cyclic voltammograms of (a) 3 and (b) 4 (solvent,
CH2Cl2; supporting electrolyte, Bu4NPF6 (0.10 M); counter
electrode, Pt; reference electrode, Ag/Agþ; scan rate, 0.01 V/s).
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analysis, indicate that 3 is weakly aromatic, whereas 2 and
4 are essentially nonaromatic. Because the π-conjugation
pathwaysof both4 and 3 canbe consideredas 18π-electron
systems, 4 will show aromaticity after proper modifica-
tions.
The complexation reaction of 4 with palladium was

carried out, in order to hinder potential rotation of the
thiophene spacer unit.12 Treatment of 4 with Pd(OAc)2
and subsequent brine addition afforded the Pd com-
plex 4Pd (Scheme 2).13 The HR-ESI mass spectrum
of the product shows a parent ion peak at an m/z value
of 834.2390 (calcd for C48H46N3O2SPd [M � Cl]� =
834.2356). The UV�vis/NIR absorption spectrum of 4Pd
exhibits a red-shift into the NIR region (Figure 6). The 1H
NMR spectrum of 4Pd exhibits downfield shifts for the
peripheral protons as compared to the spectrum of 4,
indicatingadiatropic ringcurrent for4Pd (see theSupporting
Information). Both the red-shifted absorption and the ring
current effect observed for 4Pd are considered tobe due to an
increase in structural rigidity of themolecule as a result of the
palladium metalation. The cyclic voltammogram of 4Pd
exhibits two reduction waves at �0.92 and �1.19 V, which

is similar to thePd-complexof a thiaporphyrin (FigureS10 in
the Supporting Information).12c

In summary, we have synthesized the novel benzo-
fused porphyrinoids 3 and 4, containing both carbazole
and indolone moieties, through metal-mediated synthe-
sis. Furthermore, palladium complexation of 4 afforded
4Pd, which exhibits weak aromaticity and NIR absorp-
tion. Further exploration of novel porphyrinoids and
their metal complexes are currently underway in our
laboratory.
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Figure 5. Molecular orbital diagrams of (a) 2, (b) 3, and (c) 4
calculated at the B3LYP/6-31G* level.

Scheme 2. Synthesis of 4Pd

Figure 6. UV�vis/NIR absorption spectra inCH2Cl2 (blue line, 4;
pink line, 4Pd).
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tion of chloride to Pd center.
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