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Abstract: Dihydroxybenziphthalocyanine 1, with bulky
aryloxy groups, has been synthesized and characterized by
X-ray crystallography, NMR and UV/Vis-NIR spectroscopy,
and theoretical calculations. Macrocycle 1 is the first example
of an aromatic benziphthalocyanine with an 18p-electron
structure, and was found to exist as an equilibrium mixture of
weakly aromatic and strongly aromatic tautomers. The
aromaticity and near-IR absorption can be controlled by
chemical modification at the reactive resorcinol moiety and by
variation of the solvent.

Phthalocyanines and their derivatives are an extremely
important class of macrocycles and are utilized as key
structural units and potent chromophores in many fields
from material sciences to biology, for example as dyes and
pigments for bioimaging, in photodynamic therapy, and in
solar cells.[1] Hemiporphyrazines are a broad class of phtha-
locyanine derivatives in which 6p-electron aromatic rings
replace two opposing isoindoline units.[2] Unlike 18p-electron
aromatic phthalocyanines, most hemiporphyrazines do not
display aromatic behavior. We recently synthesized a new
type of hemiporphyrazine by incorporating two resorcinol
moieties into the skeleton, and found that it could be oxidized
to afford the first 18p-electron aromatic hemiporphyrazine.[3]

Intriguingly, this hemiporphyrazine is a redox-switchable
near-IR chromophore. Siri et al. recently used a similar
strategy to prepare the first azacalixphyrin molecule with
near-IR absorption.[4]

A phthalocyanine in which a single isoindoline is replaced
with one benzene ring is known as benziphthalocyanine.[5]

Although the first synthesis of benziphthalocyanine was

achieved in 1957,[6] the electronic structure has not been
established. There are two possible structural forms for
benziphthalocyanine, an oxidized form (with an 18p-electron
structure) and a reduced form (with a 20p-electron structure).
Pioneering works by Ziegler and co-workers revealed that
benziphthalocyanine with no peripheral substituents adopts
exclusively the reduced 20p-electron form in the solid state.[7]

Although benziporphyrins can adopt the oxidized form,[8] no
18p-electron aromatic form of benziphthalocyanines has been
reported.

Recently, Ziegler and co-workers reported the synthesis
and optical properties of dihydroxybenziphthalocyanine.[9]

One redox-active resorcinol unit was incorporated into the
skeleton, and the compound was found to have a 20p-electron
nonaromatic structure in the solid state. This result, and our
previously reported 18p-electron aromatic hemiporphyrazine
containing two resorcinol units,[3] prompted speculation that
the oxidized form would be formed by two-electron oxidation
of the dihydroxybenziphthalocyanine.
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Herein, we report the synthesis and characterization of
the first 18p-electron aromatic benziphthalocyanine. Given
the absence of detailed NMR spectroscopic analysis and
interpretation of dihydroxybenziphthalocyanine, we designed
dihydroxybenziphthalocyanine with bulky aryloxy groups to
increase the solubility. Surprisingly, under our experimental
conditions, the peripherally substituted dihydroxybenziph-
thalocyanine 1 does not take the reduced form, instead taking
exclusively the oxidized form. The 18p-electron benziphtha-
locyanine exists as two tautomers, one weakly aromatic and
one strongly aromatic.

Scheme 1 shows the synthesis of 1. The unsubstituted
dihydroxybenziphthalocyanine was synthesized using a two-

step method.[9] The desired macrocycle 1 was obtained in
excellent yield in one step by mixing 3 equivalents of the 4,5-
bis(2,6-diisopropylphenoxy)-1,3-diiminoisoindoline with
1 equivalent of 4,6-diaminoresorcinol dihydrochloride.
Compound 1 is stable under ambient conditions, and is
readily soluble in common organic solvents, such as chloro-
form, THF, ethyl acetate, hexane, toluene, and DMF.

Figure 1a shows the structure of 1 obtained by single-
crystal X-ray diffraction analysis. The structure shows that
benziphthalocyanine adopts the oxidized form and the

resorcinol unit takes a quinone-like form, in which one
resorcinol O�H proton transfers to the meso-nitrogen atom.
There are two possible tautomers for the aromatic moiety of
the 18p-electron benziphthalocyanine, a phenol form and
a quinoidal form (see Figure 2a). The tetraazabenziporphyrin
skeleton of 1 is planar, and the deviation from the averaged
plane is within 0.14 �. The C�N bond lengths in the
macrocycle are similar to those in standard phthalocyani-
nes.[1b] These bond lengths are significantly different from
those of the unsubstituted dihydroxybenziphthalocyanine, in
which two meso nitrogen atoms are protonated,[10] unambig-
uously demonstrating that 1 exists in the 18p-electron
quinoidal form.

To investigate the structure in solution, the NMR
spectrum of 1 in CDCl3 was recorded.[10] The room temper-
ature 1H NMR spectrum of 1 is shown in Figure 1b. The NMR
spectrum suggests that the structure is symmetric in nature,
contrary to the unsymmetrical X-ray structure. This discrep-
ancy may be explained by the possibility of fast exchange on
the NMR timescale. Resonance signals for the external N�H
or O�H protons were not detected at room temperature. The
internal C�H and N�H protons were assigned to resonance
signals in an upfield region of the spectrum, at d = 1.89 and
4.67 ppm, respectively, indicating the presence of a diatropic
ring current in 1. This result shows that 1 has phthalocyanine-
like 18p-electron aromaticity. As signals for the internal N�H
protons of octakis(2,6-diisopropylphenoxy)phthalocyanine
are observed at d =�0.84 ppm,[11] the diatropic ring current
effect of 1 is relatively weak.

To understand the origin of the weak diatropic ring
current in 1, nucleus-independent chemical shifts (NICS)[12]

and 1H chemical shifts of the two tautomers were calculated at
the B3LYP/6-31 + G(d) level (Figure 2 a). In the quinoidal

Scheme 1. Synthesis of benziphthalocyanine 1. DIPEA= N,N-diisopro-
pylethylamine (H�nig’s base).

Figure 1. a) Single-crystal X-ray structure of 1.[10] Thermal ellipsoids set
at 50% probability. Solvent molecules have been omitted for clarity.
b) 1H NMR spectrum of 1 in CDCl3 at room temperature. (*: residual
CHCl3 signal).

Figure 2. a) Calculated 1H NMR chemical shifts and NICS for the
optimized structure of the two oxidized forms of dihydroxybenziphtha-
locyanine at the B3LYP/6-31+ G(d) level. b) Frontier molecular orbitals
and energy levels of dihydroxybenziphthalocyanine. Isosurface plots for
the molecular orbitals of the 18p-electron perimeter model are also
shown.
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form, the NICS(0) value and the chemical shift of the internal
C�H proton (Ha) were estimated to be �11.43 and
�4.55 ppm, respectively. This suggests a strongly aromatic
character. In contrast, the phenol form, which has a cross-
conjugated structure, has a weakly aromatic feature
(NICS(0): �6.77 ppm; Ha: 0.97 ppm), in good agreement
with the NMR measurement. The results of NICS(0) and
NICS(1) calculations at other positions also suggested the
different ring current effects.[10] Therefore, we consider that
1 exists in equilibrium between the phenol form (benzene
system) and the quinoidal form (benzene-dearomatized
system) in solution.[13] The quinoidal form was calculated to
be slightly more stable than the phenol form by approx-
imately 1 kcal mol�1. Figure 2b shows molecular orbitals and
energy levels for the two tautomers. The HOMO and LUMO
of both forms were delocalized over the tetraazabenzipor-
phyrin skeleton, and the nodal patterns of the frontier orbitals
are similar to those of the 18p-electron perimeter model. The
HOMO–LUMO energy gap of the quinoidal form was
slightly smaller than that of the phenol form.

From the experimental results and computational analy-
ses we conclude that peripherally substituted benziphthalo-
cyanine 1 has an aromatic electron system. The 20p-electron-
type of benziphthalocyanine was not observed. It was not
possible to reduce the macrocycle of 1 using common
reducing agents, such as NaBH4 or hydrazine. Unexpectedly,
there are two tautomers of 18p-electron benziphthalocyanine,
the phenol form and the quinoidal form, which appear to exist
in rapid equilibrium based on the preliminary NMR study and
DFT calculations.

To obtain direct experimental evidence for the aromatic-
ity of the phenol and quinoidal structures, a methylation
reaction, in which ionizable external hydrogen atoms were
replaced with methyl groups, was performed to capture the
two tautomeric structures. Scheme 2 shows the methylation of
1 using MeI; various methylated derivatives were obtained.[10]

Among the isolated methylation products, O-dimethylated
compound 2 and C-dimethylated compound 3 exhibited
significant changes in the 18p-electron aromaticity. The
internal C�H proton of 2 has a resonance signal at d =

5.78 ppm, which suggests that its diatropic current is much
weaker than that of 1. The internal N�H proton resonance
signal was not evident at room temperature. The diminished
aromaticity of 2 is attributed to the fixed phenol form because

of the two methyl groups on the resorcinol oxygen atoms. The
chemical shift observed in 2 is comparable to that of
dimethoxybenziporphyrin reported by Lash and co-work-
ers.[14] The molecular structure of 2 was further confirmed by
X-ray crystallographic analysis (Figure 3).[10] The tetraaza-
benziporphyrin skeleton was not planar because of the tilted
dimethoxybenzene unit. Clear alternation of the bond lengths
was observed in the skeleton. The calculations of NICS and
1H chemical shifts using the X-ray geometry also suggested
a significant decrease in aromaticity.[10] In contrast to 2,
compound 3 has two methyl groups on the central carbon
atom. The methyl substituents break the benzene 6p-electron
aromatic structure and force the macrocycle to take a fully
conjugated 18p-electron structure, analogous to the quinoidal
form of 1. The internal C�H and N�H protons appeared at
d =�1.87 and 0.53 ppm, respectively, which indicates a strong
diatropic ring current effect. Other methylated compounds
also showed changes in aromaticity.[10] These results strongly
support the existence of the putative equilibrium of the
phenol and quinoidal forms of 1.

Figure 4 shows the electronic absorption (from the UV to
the near-IR region) and magnetic circular dichroism (MCD)
spectra of O-dimethylated compound 2 and C-dimethylated
compound 3. It is evident that the peak position and
extinction coefficient of the near-IR absorption bands
depend strongly on the position of the methyl groups. In the
case of O-dimethylated compound 2, a weak and broad
absorption band was observed in the l = 600–700 nm region.
The MCD intensity in this region was almost zero, showing
that the electronic structure of 2 is significantly different to
that of regular phthalocyanine derivatives.[15] In contrast, C-
dimethylated compound 3 exhibited two intense absorption

bands at l = 740 and 648 nm. Since coupled
Faraday B terms were observed for these bands
in the MCD spectrum, the bands can be
assigned to two split Q bands. Thus, these
electronic transitions were attributed to
p–p* transitions within porphyrinoids with an
18p-electron system.

We measured the fluorescence spectra of 1,
2, and 3.[10] Near-IR fluorescence was observed
for 1 (lem = 824 nm; FF = 0.011) and 3 (lem =

752 nm; FF = 0.0089), whereas 2 did not exhibit
detectable fluorescence.[10]

We then investigated whether the equilibri-
um could be disrupted intentionally to favor
one of the tautomeric structures by application

Scheme 2. Structural characterization of compound 1 using a methylation reaction.
Reagents and conditions: 1) MeI, K2CO3, DMF, room temperature, 28 h; measured
chemical shifts (ppm) of internal C�H protons are shown in the macrocycles.

Figure 3. X-ray structure of 2.[10] Thermal ellipsoids are set at 50%
probability. Solvent molecules have been omitted for clarity.
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of external stimuli, for example, by chemical reaction at the
resorcinol moiety or by changing solvents. The feasibility of
site-selective chemical transformation to control aromaticity
and to create functional chromophores was investigated
(Scheme 3). The typical oxophilic Meerwein methylation
and silylation reactions were selected. The oxygen atoms were
selectively methylated in moderate yield using Meerwein�s
salt (trimethyloxonium tetrafluoroborate). On the other
hand, triisopropylsilyl (TIPS) groups were introduced onto
the oxygen atoms in 94% yield when 1 was treated with
TIPSCl. The resonance signal for the internal C�H proton of
4 (d = 5.81 ppm) was almost the same as that of 2
(d=5.78 ppm). Selective reaction at the carbon atom was
demonstrated by a diazo coupling reaction which afforded 5
in moderate yield. As expected, the aromaticity of the
product was as strong as that of C-dimethylated benziphtha-
locyanine 3. Iodination with NIS (N-iodosuccinimide) at the
carbon atom proceeded quantitatively within 15 minutes to
form the iodo-substituted derivative 6, which has the longest-
wavelength absorption band (l = 831 nm) among the deriv-
atives examined.[10] The resonance signal for the internal C�H
proton of 6 (d =�0.64 ppm) was at higher field compared
with that of 1.

To study solvent effects on the tautomerism of the
benziphthalocyanine, the electronic absorption spectra of
dilute solutions (approximately 10�5

m) of 1 were measured.
As seen in Figure 5, the position of the lowest-energy
absorption maximum in the near-IR region varied signifi-
cantly with the nature of the solvent (l = 812 nm in CHCl3;
l = 730 nm in DMF).[16] This solvatochromism can be attrib-
uted to the two tautomeric structures of 1, since solvent
effects are much weaker in regular phthalocyanines.[17]

In conclusion, the newly synthesized peripherally
substituted dihydroxybenziphthalocyanine 1 is the first exam-
ple of an aromatic benziphthalocyanine with an 18p-electron
structure. Molecule 1 exists as a mixture of two tautomers, the
weakly aromatic phenol form and the strongly aromatic
quinoidal form. The electronic properties of the two tauto-
mers were examined by fixing the structures with methyl
groups. The nucleophilic resorcinol moiety reacts regioselec-
tively with various electrophiles, providing a means to easily
control the 18p-electron aromaticity and the near-IR absorp-
tion. Solvent effects can also be used to modulate the
absorption of 1. We believe that it will be possible to
introduce various functional groups into this benziphthalo-
cyanine, offering scope for the design of functional near-IR
dyes. Further studies to create benziphthalocyanine-based
near-IR dyes with ON/OFF switching functionality are
underway, together with further spectroscopic and mechanis-
tic investigations of this novel solvatochromic/tautomeric
system.
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9076 – 9088; b) M. St�pień, L. Latos-Grażyński, Acc. Chem. Res.
2005, 38, 88 – 98; c) K. Miyake, T. D. Lash, Chem. Commun.
2004, 178 – 179; d) L. Xu, T. D. Lash, Tetrahedron Lett. 2006, 47,
8863 – 8866; e) T. D. Lash, K. Miyake, L. Xu, G. M. Ferrence, J.
Org. Chem. 2011, 76, 6295 – 6308.

[9] R. Costa, A. J. Schick, N. B. Paul, W. S. Durfee, C. J. Ziegler,
New J. Chem. 2011, 35, 794 – 799.

[10] See Supporting Information.

[11] A. Tuhl, W. Chidawanayika, M. H. Ibrahim, N. Alawadi, C.
Litwinski, T. Nyokong, H. Behbehani, H. Manaa, S. Makhseed, J.
Porphyrins Phthalocyanines 2012, 16, 163 – 174.

[12] P. v. R. Schleyer, C. Meaerker, A. Dransfeld, H. Jiao,
N. J. R. v. E. Hommes, J. Am. Chem. Soc. 1996, 118, 6317 – 6318.

[13] This interpretation was supported by low-temperature 1H NMR
measurement. The resonance signals for the internal C�H and
N�H protons were shifted upfield at �60 8C (C�H: d =

0.28 ppm; N�H: d = 3.09 ppm), whereas the external C�H
protons were shifted downfield.

[14] T. D. Lash, J. T. Szymanski, G. M. Ferrence, J. Org. Chem. 2007,
72, 6481 – 6492.

[15] a) J. Mack, M. J. Stillman, N. Kobayashi, Coord. Chem. Rev.
2007, 251, 429 – 453; b) N. Kobayashi, K. Nakai, Chem.
Commun. 2007, 4077 – 4092.

[16] Note, the spectral features of 1 in DMF were very similar to
those of the unsubstituted dihydroxybenziphthalocyanine. This
prompted us to reexamine the spectroscopic properties of the
unsubstituted dihydroxybenziphthalocyanine (see Supporting
Information). Our experimental results indicate that the intense
visible/near-IR absorption bands observed for the unsubstituted
dihydroxybenziphthalocyanine arise not from the 20p-electron
reduced form, but rather from the 18p-electron oxidized form.

[17] A. Ogunsipe, D. Maree, T. Nyokong, J. Mol. Struct. 2003, 650,
131 – 140.

.Angewandte
Communications

7818 www.angewandte.org � 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2014, 53, 7814 –7818

http://dx.doi.org/10.1021/ja210410c
http://dx.doi.org/10.1021/ja210410c
http://dx.doi.org/10.1002/ange.201301217
http://dx.doi.org/10.1002/ange.201301217
http://dx.doi.org/10.1002/anie.201301217
http://dx.doi.org/10.1002/anie.201301217
http://dx.doi.org/10.1142/S1088424609000413
http://dx.doi.org/10.1142/S1088424609000413
http://dx.doi.org/10.1039/jr9570000700
http://dx.doi.org/10.1142/S1088424610001878
http://dx.doi.org/10.1142/S1088424610001878
http://dx.doi.org/10.1021/ic800817x
http://dx.doi.org/10.1021/jo981872a
http://dx.doi.org/10.1021/jo981872a
http://dx.doi.org/10.1039/b313229n
http://dx.doi.org/10.1039/b313229n
http://dx.doi.org/10.1016/j.tetlet.2006.10.053
http://dx.doi.org/10.1016/j.tetlet.2006.10.053
http://dx.doi.org/10.1021/jo201098c
http://dx.doi.org/10.1021/jo201098c
http://dx.doi.org/10.1039/c0nj00500b
http://dx.doi.org/10.1142/S1088424612004495
http://dx.doi.org/10.1142/S1088424612004495
http://dx.doi.org/10.1021/ja960582d
http://dx.doi.org/10.1021/jo070947k
http://dx.doi.org/10.1021/jo070947k
http://dx.doi.org/10.1016/j.ccr.2006.05.011
http://dx.doi.org/10.1016/j.ccr.2006.05.011
http://dx.doi.org/10.1039/b704991a
http://dx.doi.org/10.1039/b704991a
http://dx.doi.org/10.1016/S0022-2860(03)00155-8
http://dx.doi.org/10.1016/S0022-2860(03)00155-8
http://www.angewandte.org

