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Introduction

Core-modified heteroanalogues of porphyrins have been
studied extensively because of their unique and interesting
properties, for example, their altered core sizes and resulting
metal-ion-binding properties.[1] Azuliporphyrin, one of the
carbaporphyrins, was reported by Lash and co-workers for
the first time in 1997.[2a] Since then, various azuliporphyrin
derivatives, such as meso-free,[2] meso-aryl,[3a] core-modi-
fied,[3b, 4] ring-expanded,[3f] and contracted[5a] azuliporphyrins,
as well as their metal complexes,[3c,d] adj-diazuli,[3e] opp-di-ACHTUNGTRENNUNGazuliporphyrins,[5b, c] and tetraazuliporphyrin tetracation,[5d]

have been reported. As expected from its resonance struc-
tures, the azulene subunit interrupts the conjugative path-
way within the macrocycle (Figure 1, structure I), whereas
the azuliporphyrin also contributed to the zwitterionic reso-
nance structure II as a macrocyclic 18 p-electron system.
The UV/Vis absorption spectrum of azuliporphyrin in
CH2Cl2 showed moderate bands between 350 and 480 nm,
whereas the 1H NMR spectrum in CDCl3 shows a weak

macrocyclic ring current. In diprotonated azuliporphyrin,
delocalization of positive charge generates [18]annulene por-
phyrinoid aromaticity (Figure 1, structures IV and V), which
was supported by NMR and UV/Vis absorption data. It was
therefore concluded that azuliporphyrin had borderline por-
phyrinoid aromaticity.[2a]

We have reported a synthesis of azulitribenzoporphyrin
by 3+1 porphyrin synthesis by using bicycloACHTUNGTRENNUNG[2.2.2]octadiene
(BCOD) fused tripyrrane and azulene-1,3-dicarbaldehyde,[6]

and subsequent retro-Diels–Alder conversion of the BCOD
moieties into the benzene subunits.[7] However, its aromatic-
ity could not be examined due to its low solubility. The aro-
maticity of azulibenzoporphyrins is expected to be control-
led by the position and number of fused benzene rings,
which are localized as a six-p-electron system or included in
the macrocyclic p system, accounting for our interest in the
aromaticity of such p-expanded azuliporphyrins. In this
paper, we report the synthesis of a series of azulibenzopor-
phyrins 1–5 (Figure 2) by the retro-Diels–Alder reaction of

Keywords: ab initio calculations ·
cations · conjugation · electronic
structure · porphyrinoids

Abstract: BicycloACHTUNGTRENNUNG[2.2.2]octadiene (BCOD) fused azuliporphyrins were synthesized
by 3+1 porphyrin synthesis of azulitripyrranes with diformylpyrroles. Subsequent
retro-Diels–Alder reaction of the BCOD-fused azuliporphyrins afforded azuliben-
zo-, azulidibenzo-, and azulitribenzoporphyrins 1–5. NMR and UV/Vis spectra, as
well as nucleus-independent chemical shift (NICS) calculations revealed that 1–5
and their diprotonated dications exhibit relatively low porphyrinoid aromaticity,
which was dependent on the position and number of fused benzene rings present.

[a] Prof. Dr. T. Okujima, T. Kikkawa, H. Kubota, N. Fukugami,
Prof. Dr. N. Ono, Prof. Dr. H. Uno
Graduate School of Science and Engineering
Ehime University
Matsuyama 790-8577 (Japan)
Fax: (+81) 89-927-9615
okujima.tetsuo.mu@ ehime-u.ac.jp

[b] Prof. Dr. H. Nakano
Graduate School of Sciences
Kyushu University
Fukuoka 812-8581 (Japan)

[c] Prof. Dr. H. Yamada
Graduate School of Materials Science
Nara Institute of Science and Technology
Ikoma 630-0192 (Japan)

Supporting information for this article is available on the WWW
under http://dx.doi.org/10.1002/chem.201201399.

Figure 1. Resonance structures of free base (I and II) and diprotonated
(III, IV, and V) azuliporphyrins.
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the corresponding BCOD-fused precursors. Their structures,
aromaticity, and optical properties were elucidated by
NMR, UV/Vis, and X-ray crystallographic analyses, and by
theoretical calculations.

Results and Discussion

Azuliporphyrins have been readily prepared by condensing
tripyrrane with azulene-1,3-dicarbaldehyde,[2a, 7] or azulitri-
pyrrane with pyrrole-1,3-dicarbaldehyde under 3+1 condi-
tions.[2b] We adopted the latter method as our synthetic ap-
proach because azulitripyrranes are relatively stable com-
pared with tripyrranes. This ap-
proach required only three
types of azulitripyrranes to
afford all desired azulibenzo-
porphyrins, whereas five tripyr-
ranes would have been neces-ACHTUNGTRENNUNGsary for the former method.
The preparation of azulitripyr-
ranes 10–12 is shown in
Scheme 1. Condensation of 6-
tert-butylazulene (6)[8] with two
equivalents of 7 in CH2Cl2 with
montmorillonite K-10 clay[9]

gave azulitripyrrane 10 in 78 %
yield, after column chromatog-
raphy on alumina and recrystal-
lization from CHCl3/hexane.
BCOD-fused azulitripyrrane 11
was obtained similarly by the
reaction of 6 with two equiva-

lents of 8,[7,10] in 79 % yield. Unsymmetrical azulitripyrrane
12 was the stating material used to prepare 2 and 4. Mont-
morillonite-catalyzed stepwise condensation of 6 with 8 and
7 afforded 12 in two steps.

The synthesis of BCOD-fused azuliporphyrins 15–19
based on the 3+1 methodology is shown in Scheme 2. Tri-
pyrrane 10 was treated with trifluoroacetic acid (TFA) to
remove the ester groups, and the resulting mixture was di-
luted with CH2Cl2 and treated with dialdehyde 13.[11] After
oxidation with FeCl3, work-up of the reaction mixture and
purification by column chromatography and recrystalliza-
tion, opp-BCOD-fused azuliporphyrin 15 was furnished in
32 % yield. Adj-di- and tri-BCOD-fused azuliporphyrins 16
and 17 were obtained by analogous reactions of 11 with 14
and 13 in 46 and 35 % yields, respectively. Tripyrrane 12 re-
acted with 14 and 13 under similar conditions to afford adj-
mono- and adj,opp-di-BCOD-fused azuliporphyrins 18 and
19, respectively. The thermal conversion processes of
BCOD-fused azuliporphyrins were investigated by using
thermogravimetric analysis (results shown in the Supporting
Information, Figure S1). The weight loss from 15 and 17
started at 140 and 130 8C and finished at 190 and 180 8C, re-
spectively. The amounts lost from 15 and 17 were 4.5 and
12.5 %, respectively, corresponding to the removal of ethyl-
ene molecules, closely matching the calculated values of 4.4
and 12.8 %, respectively. When 15–19 were heated in the
solid state at 200 8C in a glass tube under reduced pressure,
the corresponding azulibenzoporphyrins 1–5 were formed in
nearly quantitative yields without purification. These azuli-
porphyrins were characterized by physical and spectral
methods, including X-ray crystallographic analysis for 1–3.

The UV/Vis absorption spectra of BCOD-fused azulipor-
phyrins 15–19 in CH2Cl2 are shown in the Supporting Infor-
mation, Figure S2. Four moderate bands were observed at
300–500 nm, whereas broad, weak bands were observed at
550–800 nm. In 1 % TFA/CH2Cl2, BCOD-fused azulipor-
phyrins showed strong Soret-like bands at 360 and 460 nm,

Figure 2. Azulibenzoporphyrins 1–5.

Scheme 1. Synthesis of azulitripyrranes 10–12.
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and weak Q-like bands at 600–800 nm (see the Supporting
Information, Figure S3). The general appearance of the
spectrum did not change with the concentration of TFA in
CH2Cl2. The differences in the absorption spectra of 15–19
in CH2Cl2 from those in 1 % TFA/CH2Cl2 were similar to
those observed for b-alkylazuliporphyrins.[2a] No effect was
observed arising from differences in the position or number
of BCOD rings. Diprotonated 15–19 contributed to the 18-
p-electron structures IV and V in Figure 1, showing Soret-
and Q-like bands. On the other hand, azulibenzoporphyrins
1–5 showed different spectra to those obtained from
BCOD-fused or b-alkylazuliporphyrins. Broad, split absorp-
tions appeared at 300–500 nm in CH2Cl2, as shown in the
Supporting Information, Figure S4. The broad, longest-
wavelength absorptions at 550–800 nm were slightly redshift-
ed as the number of fused benzene rings increased. The ab-
sorptions changed dramatically in 1 % TFA/CH2Cl2, depend-
ing on the position and number of fused benzene rings. The
absorption spectra of azulibenzoporphyrins 1 and 2 are
shown in Figure 3. Diprotonated 1 and 2 showed Soret-like
bands at 365 and 468 nm, and 376 and 463 nm, respectively,
which indicated that 1 and 2 possessed porphyrinoid aroma-
ticity similar to 15–19 due to the contribution of the [18]an-
nulene structure in 1 % TFA/CH2Cl2. The longest-wave-
length absorption maxima of 1 and 2 were observed at 671
and 694 nm, respectively. Thus, diprotonated 2 contributed
not only the 18-p-electron structure 2 ACHTUNGTRENNUNG(2 H)c2 + , but also the
22-p-electron structures 2 ACHTUNGTRENNUNG(2 H)b2 + and/or 2 ACHTUNGTRENNUNG(2H)d2+ , whereas
diprotonated 1 mainly contributed the 18-p-electron struc-
ture 1 ACHTUNGTRENNUNG(2 H)b2 + , as shown in Figure 4. Azulidibenzo- and azu-
litribenzoporphyrins 3–5 showed moderate broad bands in-
stead of intense Soret-like bands at 350–550 nm in 1 % TFA/
CH2Cl2 (Figure 5). The longest-wavelength absorption

maxima of azulidibenzopor-
phyrins 3 (731 nm) and 4
(699 nm) were at wavelengths
similar to those found for azuli-
tribenzoporphyrin 5 (736 nm)
and azulibenzoporphyrin 2
(694 nm), respectively. The ab-
sorption spectra of free-base
mono-, di-, and tribenzoporhyr-
ins were comparable.[12] In azu-
lidibenzoporphyrin, diprotonat-
ed 4 did not contribute the 26-
p-electron structure 4 ACHTUNGTRENNUNG(2 H)d2 + ,
but rather the 22-p-electron
structures 4 ACHTUNGTRENNUNG(2H)b2+ and/or
4 ACHTUNGTRENNUNG(2 H)c2+ , whereas diprotonated
3 contributed the 26-p-electron
structure 3 ACHTUNGTRENNUNG(2 H)b2+ . In azulitri-
benzoporphyrin, the resonance
contribution of diprotonated 5
was represented by a combina-
tion of 26-p-electron structures,
as shown in Figure 6.

To estimate the electron dis-
tribution of azulibenzoporphyrins 1, 2, and their diprotonat-
ed dications, we performed B3LYP/6-31G(d) density func-
tional theory calculations of HOMO and LUMO orbitals

Scheme 2. Synthesis of BCOD-fused azuliporphyrins 15–19.

Figure 3. UV/Vis absorption spectra of 1 (dotted) and 2 (dashed) in
CH2Cl2, and 1 (bold) and 2 (plain) in 1 % TFA/CH2Cl2.

Figure 4. Resonance structures of diprotonated azulibenzoporphyrins 1
(top) and 2 (bottom).
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(see the Supporting Information, Table S3). The electron
distribution of 1 was quite similar to that of 2 for the four
orbitals, LUMO + 1, LUMO, HOMO, and HOMO�1 (see
the Supporting Information, Figure S5 and S7). The
HOMO–LUMO energy gap of 2 (DE= 2.00 eV) was nar-
rower than that of 1 (DE =2.21 eV). The TD-DFT results of
1 and 2 predicted absorptions at 560 and 576 nm, respective-
ly, which corresponded to a broad band at 600–750 nm.
Both bands mainly consist of two single-electron transitions,
HOMO�1 to LUMO (48 % for 1 and 51 % for 2) and
HOMO to LUMO +2 (33 % for 1 and 27 % for 2). On the
other hand, the electron distribution of 1 ACHTUNGTRENNUNG(2 H)2+ was differ-
ent to that of 2 ACHTUNGTRENNUNG(2 H)2 +, as shown in the Supporting Informa-
tion, Figure S6 and S8. The HOMO–LUMO energy gap of
2 ACHTUNGTRENNUNG(2 H)2+ (DE=2.21 eV) was narrower than that of 1 ACHTUNGTRENNUNG(2 H)2+

(DE=2.42 eV). The TD-DFT results of 1 ACHTUNGTRENNUNG(2 H)2 + and
2 ACHTUNGTRENNUNG(2 H)2+ predicted absorptions at 587 and 622 nm, respec-
tively. These bands mainly consist of two single-electron

transitions, HOMO to LUMO (62 %) and HOMO�1 to
LUMO + 1 (32 %) for 1 ACHTUNGTRENNUNG(2H)2 + and HOMO�1 to LUMO
(43 %) and HOMO to LUMO (27 %) for 2 ACHTUNGTRENNUNG(2H)2 + . LUMO +
1 and LUMO +2 in 1 ACHTUNGTRENNUNG(2H)2 + showed a different distribution
to those in 2 ACHTUNGTRENNUNG(2H)2+ . The electron distributions in 1 ACHTUNGTRENNUNG(2 H)2+

and 2 ACHTUNGTRENNUNG(2 H)2+ depended on the fused benzene rings in con-
trast to those in 1 and 2, which resulted in a remarkable
shift in their absorption spectra.

The 1H NMR spectra of 1–3 showed a weak macrocyclic-
ring current compared with b-alkylazuliporphyrin (Figure 7).
The signals for meso-H (H-5, 10, 15, and 20) and internal
CH (H-21) appeared at d= 8.73 (H-5, 20), 8.22 (H-10, 15),
and 3.74 ppm (H-21) for 1; d=9.31 (H-5), 8.99 (H-20), 8.43

(H-10), 8.16 (H-15), and
2.81 ppm (H-21) for 2 ; and d=

9.09 (H-5, 20), 8.35 (H-10, 15),
and 2.50 ppm for 3, whereas the
signals of b-alkylazuliporohyrin
appeared at d=9.55 and
8.64 ppm for meso-H and d=

1.59 ppm for internal CH.[2a]

The signals for meso-H were
shifted upfield or downfield
owing, not only to the macrocy-
clic ring current, but also to the
ring currents of neighboring
benzene and azulene moieties.
The difference in chemical shift
between internal CH and pe-
ripheral CH increased slightly
from 1 to 3. For azulibenzopor-
phyrins 1 and 2, internal CH
for 2 was shifted upfield com-
pared with that for 1 due to the
strong ring current, which indi-
cated that 2 possessed slightly
greater aromaticity than 1. On
the other hand, diprotonated 1–
3 showed stronger diatropicity

than the corresponding free bases. The 1H NMR spectra of
diprotonated 1–3 are shown in Figure 8. Diprotonated 1–3
showed downfield-shifted signals for meso-H and upfield-
shifted broad-singlet signals for internal CH compared with
those of the free bases. Their signals appeared at d= 10.24
(H-5, 20), 9.74 (H-10, 15), and �2.18 ppm (H-21) for 1; d=

10.57 (H-5), 10.41 (H-20), 9.87 (H-10), 9.63 (H-15), and
�2.87 ppm (H-21) for 2 ; and d= 10.66 (H-5, 20), 9.96 (H-10,
15), and �2.31 ppm (H-21) for 3. These results suggested
that the dications of azulibenzoporphyrins possessed greater
aromaticity than their respective free bases. For diprotonat-
ed azulibenzoporphyrins, the difference in chemical shift be-
tween internal CH and peripheral CH indicated that fused
benzene at the adjacent position for azulene resulted in
greater aromaticity compared with fused benzene at the op-
posite position. The macrocyclic-ring currents of 1–3 were
weaker for the free bases and stronger for the dications rela-
tive to b-alkylazuliporphyrin.[2] The 1H NMR spectra of azu-

Figure 5. UV/Vis absorption spectra of 3 (dotted), 4 (solid), and 5 (bold)
in 1 % TFA/CH2Cl2.

Figure 6. Resonance structures of diprotonated azulidibenzoporphyrins 3 (top) and 4 (middle), and azulitriben-
zoporphyrin 5 (bottom).
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lidibenzo- and azulitribenzoporphyrins 4 and 5, unfortunate-
ly, could not be measured in 5 % TFA/CDCl3 due to their
low solubility.

Single crystals suitable for X-ray structure determination
were obtained after recrystallization from hexane/CHCl3.
The molecular structures of 1, 2, and 3 are shown in
Figure 9 and Figure 10, and the crystallographic data[13–16]

are summarized in the Supporting Information, Table S1.
Opp-azulibenzoporphyrin 1 crystallized in a monoclinic cell,
space group P21/c, Z=4, whereas adj-azulibenzoporphyrin 2
crystallized in a triclinic cell, space group P1̄, Z=4. Mole-
cules of 2 exhibited two independent forms with an inter-
plane distance of approximately 3.62 �. Azulidibenzopor-
phyrin 3 crystallized with a molecule of CHCl3 in a triclinic
cell, space group P1̄, Z=2. The C�C and C�N bond lengths,
except for those of peripheral alkyl groups in azulibenzopor-
phyrin 1, are summarized in Table 1. The C�C bond lengths
of the benzene rings were all almost the same, 1.377(4)–
1.403(3) �, which indicated that the fused benzene ring was
localized as a six-p-electron system. When a pyrrole was re-
placed with an azulene, resulting in bond-alternation, the
average differences in length of adjacent bonds was approxi-
mately 0.05 � for the C�N bonds, approximately 0.1 � for
the C�C bonds of pyrrolic rings, and approximately 0.05 �
for the meso-bridging moieties. In the azulene ring, the
bonds between C1 (C4) and C2 (C3) were longer than the
other peripheral bonds, approximately 1.43–1.44 � (cf. azu-

lene itself, ca. 1.40 �).[17] These
bond lengths for the benzene
moiety, bond-alternation, and
the longer bonds between C1
(C4) and C2 (C3) were similar
to those observed for 2 and 3
(see the Supporting Informa-
tion, Table S2).

Nucleus-independent chemi-
cal shifts (NICS)[18] have been
used as a good indicator of the
aromaticity of porphyrins[19]

and their core-modified ana-
logues, such as N-confused,[20]

hydroxybenzi-,[21] dioxadiaz-
uli-,[5c] and phosphaporphyr-
ins.[22] NICS values were calcu-
lated for azuliporphyrin 20,ACHTUNGTRENNUNGazulibenzoporphyrins 1–5, and
diprotonated 1–5 and 20 at the
centers of the five- and seven-
membered rings of the azulene,
the three pyrroles, the fused
benzene rings, and the porphyr-
in macrocycle as a whole. The
results are depicted in
Figure 11. Two systems, the azu-
liporphyrins and their diproto-
nated dications, showed signifi-
cantly different NICS signa-

tures. For dication 20 ACHTUNGTRENNUNG(2 H)2+ , the central NICS value of
�10.59 ppm was similar to that of dioxadiazuliporphyrin di-
cation.[5c] On the other hand, the NICS value for 20 was
smaller (in absolute value) than that of its diprotonated di-
cation. Thus, neutral azuliporphyrins exhibited low porphyri-
noid aromaticity due to a diminished contribution of the 18-
p-electron system (structure II in Figure 1) compared with
diprotonated azuliporphyrins. The NICS values at the five-
membered ring of azulene, as well as adj- and opp-pyrroles
to azulene for 20 ACHTUNGTRENNUNG(2 H)2+ were �4.08, �13.83, and
�11.54 ppm, respectively. These results indicated that the

Figure 7. 1H NMR spectra of a) 1, b) 2, and c) 3 in CDCl3.

Table 1. C�C and C�N bond lengths in azulibenzoporphyrin 1.[a]

Bond Length [�] Bond Length [�] Bond Length [�]

C1�C2 1.431(3) C10�C11 1.365(3) C20�C1 1.417(3)
C1�C21 1.414(3) C11�N2 1.380(3) C2�C22 1.386(3)
C2�C3 1.460(3) C11�C12 1.459(3) C22�C23 1.387(3)
C3�C4 1.439(3) C12�C13 1.403(3) C23�C24 1.403(4)
C4�C21 1.402(3) C13�C14 1.444(3) C24�C25 1.390(3)
C4�C5 1.412(3) C14�C15 1.378(3) C25�C26 1.379(3)
C5�C6 1.366(3) C15�C16 1.411(3) C26�C3 1.384(3)
C6�N1 1.393(3) C16�N3 1.343(3) C12�C27 1.397(3)
C6�C7 1.463(3) C16�C17 1.462(3) C27�C28 1.377(4)
C7�C8 1.372(3) C17�C18 1.357(3) C28�C29 1.398(4)
C8�C9 1.458(3) C18�C19 1.473(3) C29�C30 1.380(3)
C9�N1 1.338(3) C19�N3 1.386(3) C30�C13 1.395(3)
C9�C10 1.420(3) C19�C20 1.371(3)

[a] Number labels for carbon and nitrogen atoms are shown in Figure 2.
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resonance contribution was mainly a combination of struc-
tures IV and V, with a slightly lower contribution of V, to
show porphyrinoid aromaticity (Figure 1). Increasing the
number of fused benzene rings resulted in low porphyrinoid
aromaticity. The local six-p-electron benzene aromaticity
was preserved in the isoindole moiety with a NICS value of
approximately �10 ppm, whereas the fused pyrroles showed
lower aromaticity compared with other pyrroles in 1–5 and
in their dications. For 1 ACHTUNGTRENNUNG(2H)2 + , the NICS values at adj- and
opp-pyrroles to azulene were �11.46 and �4.54 ppm, re-
spectively, indicating that 1 ACHTUNGTRENNUNG(2H)2 + mainly contributed the
structure 1 ACHTUNGTRENNUNG(2 H)b2 + (Figure 4). For adj-azulibenzoporphyrin
2 ACHTUNGTRENNUNG(2 H)2+ , the NICS values at adj-, adj-benzo-, and opp-pyr-
roles to azulene were �14.56, �6.53, and �10.61 ppm, re-

spectively, indicating that 2-ACHTUNGTRENNUNG(2 H)2+ was mainly represented
by the combination of the reso-
nance structures 2 ACHTUNGTRENNUNG(2 H)b2 + and
2 ACHTUNGTRENNUNG(2 H)c2+ , although the contri-
bution of 2 ACHTUNGTRENNUNG(2 H)b2 + was slightly
weaker than that of 2 ACHTUNGTRENNUNG(2 H)c2+

(Figure 4). These results are
consistent with the longest-
wavelength absorptions in the
UV/Vis absorption spectra. The
porphyrinoid aromaticity de-
pended, not only on the
number of fused benzene rings,
but also on their positions. For
monobenzo-derivatives 1 and 2,
the NICS values of 2 and 2-ACHTUNGTRENNUNG(2 H)2+ at the center of the por-
phyrin macrocycle were larger
(in absolute value) than those
of 1 and 1 ACHTUNGTRENNUNG(2 H)2 +, respectively.
Similar results were obtained
for dibenzo-derivatives. Among
the azulibenzoporphyrins, di-
protonated adj-dibenzo-deriva-
tive 3 ACHTUNGTRENNUNG(2 H)2+ showed the high-
est aromaticity, with a NICS
value of �9.79 ppm at the
center of the porphyrin macro-
cycle. For tribenzo-derivative 5-ACHTUNGTRENNUNG(2 H)2+ , the NICS values at the five-membered ring of the

azulene, as well as adj- and opp-pyrroles to azulene were
�10.04, �7.31, and �3.80 ppm, respectively, indicating that
5 ACHTUNGTRENNUNG(2 H)2+ was mainly represented by the combination of reso-
nance structures 5 ACHTUNGTRENNUNG(2 H)a2+ and 5 ACHTUNGTRENNUNG(2H)b2+ . Because the con-
tribution of 5 ACHTUNGTRENNUNG(2H)a2+ was more important in the tribenzo-
derivative than the monobenzo- and dibenzo-derivatives, 5-ACHTUNGTRENNUNG(2 H)2+ possessed lower aromaticity.

Conclusion

We have successfully synthesized a series of azulibenzopor-
phyrins 1–5 based on the retro-Diels–Alder approach from
BCOD-fused precursors and unveiled their structures, aro-
maticity, and optical properties. BCOD-fused azuliporphyr-
ins 15–19 were prepared by 3+1 porphyrin synthesis of ap-
propriate azulitripyrranes with diformylpyrroles. These were
subsequently converted into the benzo-derivatives 1–5 by
heating, in nearly quantitative yields. UV/Vis absorption
spectra and NICS calculations revealed that the relatively
low porphyrinoid aromaticity of 1–5 stemmed from the
small contribution of the 18-p-electron system due to inter-
ruption of the p circuit at the azulene moieties. In contrast,
porphyrinoid aromaticity was observed for their diprotonat-
ed dications, which were represented by the porphyrinlike p

circuit shown in Figure 1. However, their aromaticity was

Figure 8. 1H NMR spectra of a) 1, b) 2, and c) 3 in 5 %TFA/CDCl3.

Figure 9. ORTEP drawings of a) 1 and b) 3. Disordered atoms (less popu-
lar: one of the ethyl groups) and a solvent (CHCl3) in 3 are omitted for
clarity. Probablility levels are shown at 50 %.
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lower than that of azuliporphyrin without fused benzene
rings, 20, and depended on the position and number of
fused benzene rings. Benzene subunits were localized in the
isoindole moiety. Thus, increasing the number of fused ben-
zene rings resulted in low porphyrinoid aromaticity.

Experimental Section

General : Melting points were determined with a Yanaco micro melting
point apparatus MP500D and are uncorrected. DI-EI and FAB mass
spectra were measured with a JEOL JMS-700 spectrometer. MALDI-
TOF mass spectra were measured with an Applied Biosystems Voyager-
DE Pro instrument. TG analysis was performed with an SII Exstar 600
TG/DTA 6200 instrument. IR spectra were measured with a Horiba FT-
720 infrared spectrophotometer, and UV/Vis spectra were measured with
a JASCO V-570 spectrophotometer. 1H NMR spectra (13C NMR spectra)
were recorded with a JEOL AL-400 operating at 400 MHz (100 MHz).
Elemental analyses were performed at the Integrated Center for Scien-
ces, Ehime University. NICS values were calculated by using Gaussian 03
(HF/6–31+G(d)//B3LYP/6–31G(d)).

Azulitripyrrane 10 : Montmorillonite K-10 clay (7.9 g) was added to a sol-
ution of 6 (1.48 g, 8.02 mmol) and 7 (6.19 g, 18.0 mmol) in anhydrous
CH2Cl2 (220 mL). The resulting mixture was stirred at RT for 20 h under
an Ar atmosphere. After the insoluble material was removed by filtra-
tion, the filtrate was poured into sat. aqueous NaHCO3. The organic
layer was washed successively with water and brine, dried over Na2SO4,
and concentrated under reduced pressure. The residue was purified by
column chromatography on alumina with 20 % EtOAc/hexane, followed
by recrystallization from CHCl3/hexane to give 10 (4.69 g, 78 %). Blue
crystals; m.p. 99.0–101.0 8C; 1H NMR (400 MHz, CDCl3): d=8.13 (br s,
2H; NH), 8.11 (d, J =11.0 Hz, 2H; H-4, 8), 7.41 (s, 1H; H-2), 7.24 (d, J=

11.0 Hz, 2 H; H-5, 7), 4.27 (s, 4H; CH2), 2.46 (t, J =7.1 Hz, 4H; 5’-nBu1),
2.25 (s, 6 H; 4’-Me), 1.47 (s, 18H; 3’-CO2tBu), 1.43 (s, 9 H; 6-tBu), 1.33–
1.45 (m, 8H; 5’-nBu2,3), 0.92 ppm (t, J =7.1 Hz, 6 H; 5’-nBu4); 13C NMR
(100 MHz, CDCl3): d=161.75 (C6), 161.24 (3’-CO2tBu), 137.41 (C2),
135.47 (C3a, 8a), 132.44 (C4, 8), 131.97 (C1’), 125.94 (C5’), 123.82 (C1, 3),
121.55 (C4’), 120.21 (C5, 7), 118.22 (C3’), 79.85 (3’-CO2tBu), 38.52 (6-
tBu), 33.31 (5’-nBu2), 31.83 (6-tBu), 28.51 (3’-CO2tBu), 24.13 (CH2), 23.95
(5’-nBu1), 22.72 (5’-nBu3), 14.09 (5’-nBu4), 10.76 ppm (4’-Me); UV/Vis
(CH2Cl2): lmax [log (e/m–1 cm–1)] =241 (4.46), 286 (4.83), 299 (4.86), 340
(3.75), 354 (3.80), 373 (3.35), 595 nm (2.57); MS (70 eV): m/z (%): 683
(16) [M]+ , 583 (35), 483 (31), 152 (100); elemental analysis calcd (%) for
C44H62N2O4·1/2H2O: C 76.37, H 9.18, N 4.05, found: C 76.59, H 9.09, N
4.18.

Azulitripyrrane 11: Montmorillonite K-10 clay (7.9 g) was added to a sol-
ution of 6 (1.46 g, 7.92 mmol) and 8 (5.46 g, 17.2 mmol) in anhydrous
CH2Cl2 (215 mL). The resulting mixture was stirred at RT for 20 h under
an Ar atmosphere. After the insoluble material was removed by filtra-
tion, the filtrate was poured into sat. aqueous NaHCO3. The organic
layer was washed successively with water and brine, dried over Na2SO4,
and concentrated under reduced pressure. The residue was purified by
column chromatography on alumina with 20 % EtOAc/hexane, followed
by recrystallization from CHCl3/hexane to give 11 (4.37 g, 79 %). Blue
crystals; m.p. 154.5–155.9 8C; 1H NMR (400 MHz, CDCl3): d=8.13 (d,
J =10.3 Hz, 2H; H-4, 8), 7.86 (br s, 2H; NH), 7.37 (s, 1 H; H-2), 7.23 (d,
J =10.3 Hz, 2H; H-5, 7), 6.46 (m, 4 H; H-5’, 6’), 4.30 (s, 4H; CH2), 4.27
(m, 2 H; H-4’), 3.67 (m, 2 H; H-7’), 1.50 (s, 18H; 3’-CO2tBu), 1.43 (s, 9 H;
6-tBu), 1.34–1.59 ppm (m, 8H; H-8’, 9’); 13C NMR (100 MHz, CDCl3):
d=161.69, 161.03, 137.19, 137.16, 136.06, 135.32, 135.23, 132.44, 127.59,
125.90, 124.28, 120.05, 113.51, 79.82, 38.55, 33.90, 32.53, 31.88, 28.58,
27.04, 27.02, 26.41, 24.27 ppm; UV/Vis (CH2Cl2): lmax [log (e/m–1 cm–1)]=

245 (4.50), 290 sh (4.80), 299 (4.83), 343 sh (3.73), 355 (3.79), 370 sh
(3.45), 597 (2.57), 655 nm sh (2.48); MS (70 eV): m/z (%): 699 (50) [M]+ ,
499 (32), 313 (48), 184 (100); elemental analysis calcd (%) for
C46H54N2O4·1/3CHCl3: C 75.33, H 7.41, N 3.79; found: C 75.10, H 7.48, N
3.80.

1-(Azulen-1-ylmethyl)isoindole 9 : Montmorillonite K-10 clay (3.3 g) was
added to a solution of 6 (640 mg, 3.48 mmol) in anhydrous CH2Cl2

(60 mL). After stirring at RT for 10 min, a solution of 8 (1.1160 g,
3.5024 mmol) in anhydrous CH2Cl2 (45 mL) was added dropwise to the
mixture. The resulting mixture was stirred at RT for 12 h under an Ar at-
mosphere. After the insoluble material was removed by filtration, the fil-
trate was poured into sat. aqueous NaHCO3. The organic layer was
washed successively with water and brine, dried over Na2SO4, and con-
centrated under reduced pressure. The residue was purified by column
chromatography on silica gel with CH2Cl2, followed by recrystallization
from CHCl3/hexane to give 9 (924 mg, 60%). Blue crystals; m.p. 154.5–
155.9 8C; 1H NMR (400 MHz, CDCl3): d =8.22 (d, J =10.5 Hz, 1H; H-4),
8.18 (d, 10.7 Hz, 1H; H-8), 7.83 (br s, 1 H; NH), 7.61 (d, J =3.7 Hz, 1 H;
H-2), 7.32–7.26 (m, 2 H; H-5, 7), 7.23 (d, J =3.7 Hz, 1H; H-3), 6.53–6.43
(m, 2 H; H-5’, 6’), 4.35 (s, 2H; CH2), 4.27 (m, 1 H; H-4’), 3.71 (m, 1H; H-
7’), 1.54–1.37 (m, 4 H; H-8’, 9’), 1.50 (s, 9H; 3’-CO2tBu), 1.44 ppm (s, 9H;
6-tBu); 13C NMR (100 MHz, CDCl3): d=161.27, 160.94, 139.41, 136.52,
135.99, 135.70, 135.27, 134.57, 132.29, 127.42, 125.98, 120.60, 120.16,
116.15, 113.40, 79.73, 38.49, 33.83, 32.44, 31.86, 31.55, 28.49, 27.01, 26.34,
24.42, 22.66, 14.10 ppm; UV/Vis (CH2Cl2): lmax [log (e/m–1 cm–1)]=239
(4.36), 285 (4.46), 295 (4.44), 336 (3.67), 349 (3.76), 364 (3.21), 580 nm
(2.51); MS (70 eV): m/z (%): 442 (8) [M]+ , 342 (26), 184 (100); elemental

Figure 10. a) ORTEP drawing, b) top, and c) side views of two independ-
ent molecules of 2. Disordered atoms (less popular: one of the butyl
groups) are omitted for clarity. Probablility levels are shown at 50 %.
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analysis calcd (%) for C30H35NO2·1/2H2O: C 79.96, H 8.05, N 3.11;
found: C 79.53, H 8.14, N 3.21.

Azulitripyrrane 12 : Montmorillonite K-10 clay (1.00 g) was added to a
solution of 7 (382 mg, 0.865 mmol) and 9 (292 mg, 0.944 mmol) in anhy-
drous CH2Cl2 (40 mL). The resulting mixture was stirred at RT for 13 h
under an Ar atmosphere. After the insoluble material was removed by
filtration, the filtrate was poured into sat. aqueous NaHCO3. The organic
layer was washed successively with water and brine, dried over Na2SO4,
and concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel with 20% hexane/CHCl3. The prod-
uct was obtained as a blue fraction. Recrystallization from CHCl3/hexane
gave 12 (316 mg, 53%). Blue crystals; m.p. 129.0–130.7 8C; 1H NMR
(400 MHz, CDCl3): d=8.23 (br s, 1H; NH), 8.12 (dd, J=11.0, 11.0 Hz,
2H; H-4, 8), 8.00 (br s, 1H; NH), 7.39 (s, 1 H; H-2), 7.22 (d, J =10.7 Hz,
2H; H-5, 7), 6.50–6.38 (m, 2 H; olefin), 4.30 (s, 2 H; CH2), 4.27 (s, 2 H;
CH2), 4.25 (m, 1H; bridgehead), 3.62 (m, 1 H; bridgehead), 2.45 (t, J =

6.8 Hz, 2 H; nBu1), 2.24 (s, 3H; Me), 1.50 (s, 9H; CO2tBu), 1.47 (s, 9 H;
CO2tBu), 1.42 (s, 9H; 6-tBu), 1.60–1.25 (m, 8H; nBu and bridge),
0.91 ppm (t, J =7.0 Hz, 3 H; nBu); 13C NMR (100 MHz, CDCl3): d=

164.06, 161.52, 156.90, 153.71,149.36, 147.60, 147.12, 144.84, 142.51,
142.47, 141.79, 140.10, 139.86, 139.13, 134.80, 134.77, 134.05, 133.81,
126.84, 126.23, 126.02, 125.97, 119.97, 119.62, 108.38, 105.04, 93.56, 91.06,
38.72, 34.85, 31.61, 25.76, 22.95, 18.84, 18.82, 17.05, 17.03, 14.25,
11.07 ppm; UV/Vis (CH2Cl2): lmax [log (e/m–1 cm–1)]=290 (4.83), 299
(4.87), 340 (3.74), 355 (3.81), 373 (3.40), 600 nm (2.57); MS (FAB): m/z :
690 [M+H]+ ; elemental analysis calcd (%) for C45H38N2O4: C 78.22, H
8.46, N 4.05; found: C 77.96, H 8.29, N 4.05.

Azuliporphyrin 15 : Azulitripyrrane 10 (436 mg, 0.639 mmol) was stirred
with TFA (1.5 mL) at RT for 10 min under an Ar atmosphere in the
dark. After dilution with anhydrous CH2Cl2 (75 mL), 13 (131 mg,
0.652 mmol) was added to the mixture, which was stirred at the same
temperature for 17 h. The reaction mixture was diluted with CHCl3

(100 mL) and shaken with 0.1% aqueous ferric chloride solution
(200 mL) for 10 min. The organic layer was separated, washed successive-
ly with sat. aqueous NaHCO3, water and brine, dried over Na2SO4, and
concentrated under reduced pressure. The residue was purified by
column chromatography on alumina with 10 % EtOAc/CHCl3, followed

by recrystallization from CHCl3/
hexane to give 10 (130 mg, 32%).
Dark-green crystals; m.p. 200 8C
(decomp); 1H NMR (400 MHz,
CDCl3): d=9.31 (d, J=10.5 Hz, 2H;
H-2’, 3’), 9.06 (s, 2H; H-5, 20), 8.28 (s,
2H; H-10, 15), 7.90 (d, J =10.5 Hz,
2H; H-2“, 3”), 6.90 (m, 2 H; H-
12“, 13”), 5.09 (br s, 2H; H-12’, 13’),
3.46 (t, J= 7.3 Hz, 4 H; nBu), 2.95 (s,
6H; Me), 2.47 (br s, 1H; H-21), 2.26
(br s, 1 H; NH), 2.01 (m, 4H; nBu),
1.96 (m, 2H; H-12“’, 13”’), 1.66 (m,
6H; nBu and H-12’“, 13’”), 1.59 (s,
9H; tBu), 1.06 ppm (t, J =7.3 Hz, 6H;
nBu); 13C NMR (100 MHz, CDCl3):
d=164.16, 161.49, 154.00, 148.11,
146.06, 144.86, 137.53, 135.78
(C12“,13”), 135.04, 134.86, 134.05
(C2’, 3’), 130.30 (C2“, 3”), 126.11,
107.51 (C5, 20), 93.36 (C10, 15), 38.85
(tBu), 35.27 (C12’, 13’), 34.95 (nBu2),
31.73 (tBu), 27.36 (C12“’, 13”’), 25.91
(nBu1), 23.07 (nBu3), 14.34 (nBu4),
11.17 ppm (Me); UV/Vis (CH2Cl2):
lmax [log (e/m–1 cm–1)]=362 (4.82), 394
sh (4.69), 450 (4.74), 475 (4.84), 634
(4.23), 667 nm (4.24); UV/Vis (1 %
TFA/CH2Cl2): lmax [log (e/m–1 cm–1)]=

367 (4.90), 438 sh (4.77), 463 (5.10),
637 (4.51), 673 (4.19), 735 nm (3.87);
MS (FAB): m/z : 646 [M+H]+ , 619

[M+H-C2H4]
+ ; elemental analysis calcd (%) for C46H51N3: C 85.54, H

7.96, N 6.51; found: C 85.44, H 8.14, N 6.49.

Azuliporphyrin 18 : Azulitripyrrane 12 (515 mg, 0.745 mmol) was stirred
with TFA (1.5 mL) at RT for 10 min under an Ar atmosphere in the
dark. After dilution with anhydrous CH2Cl2 (65 mL), 14 (158 mg,
0.879 mmol) was added to the mixture, which was stirred at the same
temperature for 21 h. The reaction mixture was diluted with CHCl3

(100 mL) and shaken with 0.1% aqueous ferric chloride solution
(200 mL) for 5 min. The organic layer was separated, washed successively
with sat. aqueous NaHCO3, water, and ine, dried over Na2SO4, and con-
centrated under reduced pressure. The residue was purified by column
chromatography on alumina with CHCl3, followed by recrystallization
from CHCl3/hexane to give 18 (174 mg, 37%). Dark-green crystals; m.p.
180 8C (decomp); 1H NMR (400 MHz, CDCl3): d =9.32 (d, J =10.5 Hz,
1H; H-2’ or H-3’), 9.27 (d, J=10.2 Hz, 1H; H-2’ or H-3’), 9.13 (s, 1H; H-
5), 9.02 (s, 1H; H-20), 8.22 (s, 1H; H-10), 8.19 (s, 1H; H-15), 7.86 (m,
2H; H-2“3”), 6.85 (m, 2H; H-7“8”), 5.06 (m, 1H; H-7’), 4.95 (m, 1H; H-
8’), 3.56–3.46 (m, 4H; Et), 3.46–3.38 (m, 2H; nBu1), 2.93 (s, 3 H; Me),
2.66 (br s, 1H; H-21), 2.59 (br s, 1 H; NH), 2.00 (m, 2H; nBu2), 1.91 (m,
2H; H-7“), 1.72 (m, 2H; H-8”), 1.65 (m, 8H; bridge and nBu3), 1.55 (s,
9H; tBu), 1.06 ppm (t, J =7.3 Hz, 3 H; nBu4); 13C NMR (100 MHz,
CDCl3): d= 164.11, 161.59, 155.40, 154.06, 153.94, 149.01, 148.56, 148.09,
148.08, 144.76, 142.02, 141.89, 139.51, 139.33, 136.24, 135.71, 135.70,
135.01, 134.06, 133.99, 130.33, 130.17, 126.07, 126.03, 108.14, 107.47, 93.19,
92.86, 38.72, 36.33, 35.83, 34.85, 31.60, 27.42, 27.25, 25.82, 23.02, 18.85,
18.83, 17.08, 17.03, 14.25, 11.11 ppm; UV/Vis (CH2Cl2): lmax [log (e/m–

1 cm–1)]=361 (4.81), 383 sh (4.72), 451 (4.76), 473 (4.83), 629 (4.22),
668 nm (4.18); UV/Vis (1 % TFA/CH2Cl2): lmax [log (e/m–1 cm–1)]=366
(4.92), 436 sh (4.75), 463 (5.10), 584 (3.90), 633 (4.51), 674 (4.15), 736 nm
(3.83); MS (FAB): m/z : 632 [M+H]+ , 604 [M+H-C2H4]

+ ; elemental anal-
ysis calcd (%) for C45H49N3·1/2H2O: C 84.33, H 7.86, N 6.56; found: C
84.05, H 7.85, N 6.19.

Azuliporphyrin 16 : Azulitripyrrane 11 (304 mg, 0.435 mmol) was stirred
with TFA (1 mL) at RT for 10 min under an Ar atmosphere in the dark.
After dilution with anhydrous CH2Cl2 (50 mL), 14 (82 mg, 0.45 mmol)
was added to the mixture, which was stirred at the same temperature for
19 h. The reaction mixture was diluted with CHCl3 (150 mL) and shaken

Figure 11. NICS values calculated at the HF/6-31 +G(d) level of theory for azuliporphyrins and their diproto-
nated dications.
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with 0.1 % aqueous ferric chloride solution (200 mL) for 10 min. The or-
ganic layer was separated, washed successively with sat. aqueous
NaHCO3, water and brine, dried over Na2SO4, and concentrated under
reduced pressure. The residue was purified by column chromatography
on alumina with CHCl3, followed by recrystallization from CHCl3/hexane
to give 16 (129 mg, 46%). Dark-green crystals; m.p. 200 8C (decomp);
1H NMR (400 MHz, CDCl3): d =9.39 (d, J =10.0 Hz, 2 H; H-2’3’), 9.18
(m, 2H; H-5, 20), 8.28 (s, 2 H; H-10, 15), 7.91 (d, J =10.0 Hz, 2 H; H-
2“3”), 6.86 (m, 4H; olefin), 5.09 (m, 2H; H-7’18’), 4.97 (m, 2H; H-8’17’),
3.54 (q, J= 7.6 Hz, 4 H; Et), 2.45 (s, 1 H; H-21), 1.90–1.73 (m, 8H;
bridge), 1.67 (t, J= 7.6 Hz, 6H; Et), 1.60 ppm (s, 9 H; tBu); 13C NMR
(100 MHz, CDCl3): d=153.94, 149.07, 148.61, 148.56, 136.34, 135.84,
134.42, 134.40, 126.17, 107.98, 107.94, 107.91, 93.24, 38.77, 36.35, 36.32,
35.85, 31.55, 27.44, 27.41, 27.26, 27.24, 18.87, 17.07 ppm; UV/Vis
(CH2Cl2): lmax [log (e/m–1 cm–1)] =362 (4.83), 383 sh (4.77), 450 (4.76), 473
(4.87), 626 (4.23), 660 nm (4.23); UV/Vis (1 % TFA/CH2Cl2): lmax [log (e/
m

–1 cm–1)] =367 (4.93), 437 sh (4.77), 464 (5.13), 577 (3.94), 628 (4.51), 677
(4.08), 738 nm (3.87); MS (FAB): m/z : 640 [M+H]+ , 584 [M+H-2C2H4]

+

; elemental analysis calcd (%) for C46H45N3·1/2H2O: C 85.15, H 7.15, N
6.48; found: C 84.96, H 7.00, N 6.40.

Azuliporphyrin 19 : Azulitripyrrane 12 (150 mg, 0.217 mmol) was stirred
with TFA (0.5 mL) at RT for 10 min under a N2 atmosphere in the dark.
After dilution with anhydrous CH2Cl2 (20 mL), 13 (49 mg, 0.24 mmol)
was added to the mixture, which was stirred at the same temperature for
15 h. The reaction mixture was diluted with CHCl3 (30 mL) and shaken
with 0.1% aqueous ferric chloride solution (50 mL) for 10 min. The or-
ganic layer was separated, washed successively with sat. aqueous
NaHCO3, water, and brine, dried over Na2SO4, and concentrated under
reduced pressure. The residue was purified by column chromatography
on alumina with 10% hexane/CHCl3, followed by recrystallization from
CHCl3/hexane to give 19 (43 mg, 30 %). Dark-green crystals; m.p. 180 8C
(decomp); 1H NMR (400 MHz, CDCl3): d=9.30 (m, 2 H; H-2’ or H-3’),
9.20 (m, 1 H; H-5 or H-20), 9.08 (m, 1H; H-5 or H-20), 8.40 (m, 1H; H-
10 or H-15), 8.33 (m, 1 H; H-10 or H-15), 7.92 (m, 2 H; H-2“3”), 6.89 (m,
4H; H-7“8”12“13”), 5.00 (m, 4H; H-7’8’12’13’), 3.46 (m, 2H; nBu1), 2.97
(s, 3 H; Me), 2.22 (br s, 1 H; NH), 2.03–1.59 (m, 12H; Bu2,3 and bridge-
head), 1.59 (s, 9H; tBu), 1.06 ppm (t, J =7.3 Hz, 3H; nBu4); 13C NMR
(100 MHz, CDCl3): d=153.99, 148.42, 144.78, 136.21, 136.18, 135.77,
135.73, 135.69, 135.05, 135.01, 134.24, 134.13, 130.69, 130.56, 130.54,
125.94, 107.88, 107.83, 93.66, 93.32, 38.79, 36.33, 35.88, 35.23, 35.20, 34.87,
31.63, 27.41, 27.26, 25.83, 23.00, 14.26, 11.13 ppm; UV/Vis (CH2Cl2): lmax

[log (e/m–1 cm–1)] =363 (4.81), 389 (4.70), 448 (4.70), 474 (4.84), 626 (4.10),
666 nm (4.12); UV/Vis (1 % TFA/CH2Cl2): lmax [log (e/m–1 cm–1)]=335
(4.40), 367 (4.90), 438 (4.77), 463 (5.08), 585 (3.90), 634 (4.49), 680 (4.10),
739 nm (3.81); MS (FAB): m/z : 655 [M+H]+ , 599 [M+H-2C2H4]

+ ; ele-
mental analysis calcd (%) for: C47H47N3·1/2H2O: C 85.16, H 7.30, N 6.34;
found: C 84.88, H 7.41, N 6.21.

Azuliporphyrin 17: Azulitripyrrane 11 (1.05 g, 1.50 mmol) was stirred
with TFA (3.5 mL) at RT for 10 min under an Ar atmosphere in the
dark. After dilution with anhydrous CH2Cl2 (50 mL), 13 (369 mg,
1.83 mmol) was added to the mixture, which was stirred at the same tem-
perature for 19 h. The reaction mixture was diluted with CHCl3 (400 mL)
and shaken with 0.1% aqueous ferric chloride solution (400 mL) for
20 min. The organic layer was separated, washed successively with sat.
aqueous NaHCO3, water, and brine, dried over Na2SO4, and concentrated
under reduced pressure. The residue was purified by column chromatog-
raphy on alumina with CHCl3 and 10% EtOAc/hexane, followed by re-
crystallization from CHCl3/hexane to give 17 (349 mg, 35 %). Dark-green
crystals; m.p. 200 8C (decomp); 1H NMR (400 MHz, CDCl3): d= 9.39 (d,
J =10.5 Hz, 2 H; H-2’3’), 9.22 (s, 2 H; H-5, 20), 8.43 (s, 2 H; H-10, 15), 7.91
(d, J=10.7 Hz, 2 H; H-2“3”), 6.87–6.91 (m, 6 H; olefin), 5.02–5.29 (m,
6H; bridgehead), 2.12 (br s, 1H; H-21), 1.33–1.99 (m, 12 H; bridge),
1.62 ppm (s, 9H; t-Bu); 13C NMR (100 MHz, CDCl3): d= 164.51, 155.12,
154.18, 154.17, 154.13, 149.26, 149.24, 148.92, 148.89, 148.67, 148.65,
146.22, 137.36, 136.33, 136.31, 135.89, 135.88, 135.82, 135.80, 135.54,
135.52, 134.40, 130.93, 126.08, 126.07, 107.86, 107.85, 93.79, 53.43, 38.86,
36.49, 36.03, 35.36, 31.70, 31.64, 27.54, 27.38, 22.72, 14.20 ppm; UV/Vis
(CH2Cl2): lmax [log (e/m–1 cm–1)] =365 (4.80), 379 (4.74), 454 (4.73), 474
(4.82), 629 (4.20), 661 nm (4.20); UV/Vis (1 % TFA/CH2Cl2): lmax [log (e/

m
–1 cm–1)] =305 (4.18), 314 (4.16), 367 (4.93), 438 (4.79), 465 (5.14), 578

(3.93), 629 (4.51), 681 (4.07), 740 nm (3.89); MS (FAB): m/z : 662
[M+H]+ , 578 [M+H-3C2H4]

+ ; elemental analysis calcd (%) for
C48H43N3·CHCl3·H2O: C 76.95, H 6.19, N 5.49; found: C 76.88, H 6.28, N
5.30.

Retro-Diels–Alder reaction of BCOD-fused azuliporphyrins 15–19 :
BCOD-azuliporphyrins 15–19 (ca. 20 mg each) were heated at 200 8C
under reduced pressure for 3 h in a glass tube to give azulibenzoporphyr-
ins 1–5 in quantitative yields.

Opp-azulibenzoporphyrin 1: Dark-green crystals; m.p. 206.3–208.3 8C;
1H NMR (400 MHz, CDCl3): d= 9.16 (d, J =10.4 Hz, 2H; H-2’3’), 8.73 (s,
2H; H-5, 20), 8.70 (m, 2 H; H-2“3”), 8.22 (s, 2H; H-10, 15), 7.93–7.83 (m,
4H; benzo), 4.08 (br s, 1H; NH), 3.74 (s, 1 H; H-21), 3.29 (m, 4 H; nBu1),
2.82 (s, 6 H; Me), 1.93 (m, 4H; nBu2), 1.67–1.57 (m, 4H; nBu3), 1.60 (s,
9H; tBu), 1.05 ppm (t, J =7.1 Hz, 6 H; nBu4); 1H NMR (400 MHz, 5 %
TFA/CDCl3): d= 10.24 (s, 2H; H-5, 20), 9.86 (d, J=10.7 Hz, 2H; H-2’3’),
9.74 (s, 2H; H-10, 15), 9.31 (m, 2H; benzo), 8.81 (d, J=10.9 Hz, 2 H; H-
2“3”), 8.36 (m, 2H; benzo), 3.84 (t, J=7.8 Hz, 4H; nBu1), 3.32 (s, 6 H;
Me), 2.04 (m, 4H; nBu2), 1.71 (s, 9H; tBu), 1.73–1.62 (m, 4 H; nBu3),
1.08 (t, J =7.3 Hz, 6H; nBu4), 0.75 (br s, 1H; NH), �2.18 ppm (s, 1H; H-
21); 13C NMR (100 MHz, CDCl3): d=163.95, 162.34, 153.54, 146.81,
144.98, 139.84, 136.64, 136.63, 135.40, 134.33, 133.72, 129.32, 128.03,
126.17, 120.97, 108.78, 91.10, 38.76, 34.75, 31.66, 25.69, 22.99, 14.23,
10.99 ppm; UV/Vis (CH2Cl2): lmax [log (e/m–1 cm–1)]=368 (4.68), 409
(4.70), 438 (4.76), 474 (4.71), 523 (4.09), 556 (4.09), 642 nm (4.21); UV/
Vis (1 % TFA/CH2Cl2): lmax [log (e/m–1 cm–1)]=326 (4.44), 365 (4.78), 437
(4.71), 468 (5.05), 506 (4.52), 585 (3.89), 640 (4.35), 671 nm (4.47); MS
(FAB): m/z : 618 [M+H]+ ; elemental analysis calcd (%) for C44H47N3·1/
4CHCl3: C 82.05, H 7.35, N 6.49; found: C 81.83, H 7.27, N 6.44.

Adj-azulibenzoporphyrin 2 : Dark-green crystals; m.p. >300 8C; 1H NMR
(400 MHz, CDCl3): d=9.31 (s, 1 H; H-5). 9.26 (d, J= 10.5 Hz, 1 H; H-3’).
9.22 (d, J =10.5 Hz, 1H; H-2’), 8.99 (s, 1H; H-20), 8.69 (m, 1H; H-7’),
8.62 (m, 1H; H-8’), 8.48 (s, 1H; H-10), 8.16 (s, 1 H; H-15), 7.90–7.66 (m,
4H; H-2“, 3”,7“, 8”), 3.52 (q, J=7.5 Hz, 2 H; Et), 3.48 (q, J=7.5 Hz, 2 H;
Et), 3.42 (t, J =7.6 Hz, 2H; nBu), 2.91 (s, 3 H; Me), 2.81 (s, 1 H; H-21),
1.99 (m, 2H; nBu), 1.72–1.58 (m, 8 H; Et and nBu), 1.56 (s, 9 H; tBu),
1.39 (br s, 1H; NH), 1.05 ppm (t, J= 7.3 Hz, 3H; nBu); 13C NMR
(100 MHz, CDCl3): d=164.07, 161.52, 156.90, 153.71, 149.36, 147.60,
147.12, 144.84, 142.51, 142.47, 141.79, 140.10, 139.86, 139.13, 134.80,
134.77, 134.05, 133.81, 129.81, 126.84, 126.23, 126.02, 125.98, 119.97,
119.62, 108.38, 105.04, 93.56, 91.06, 38.72, 34.85, 31.61, 25.76, 22.95, 18.84,
18.82, 17.05, 17.02, 14.25, 11.07 ppm; 1H NMR (400 MHz, 5% TFA/
CDCl3): d =10.57 (s, 1 H; H-5), 10.41 (s, 1H; H-20), 9.98 (d, J =10.7 Hz,
1H; H-2’), 9.92 (d, J=10.8 Hz, 1H; H-3’), 9.87 (s, 1H; H-10), 9.63 (s,
1H; H-15), 9.36 (m, 1H; H-7’), 9.31 (m, 1 H; H-8’), 8.83 (m, 2H; H-
2“,3”), 8.43 (m, 1H; H-7“), 8.35 (m, 1 H; H-8”), 3.90 (m, 6 H; Et and
nBu), 3.36 (s, 3 H; Me), 2.02 (m, 2H; nBu), 1.76 (m, 6H; Et), 1.72 (s,
9H; tBu), 1.67 (m, 2 H; nBu), 1.05 (t, J =7.4 Hz, 3 H; nBu), 0.43 (br s,
1H; NH), �0.19 (s, 1H; NH), �1.64 (br s, 1H; NH), �2.87 ppm (s, 1 H;
H-21); UV/Vis (CH2Cl2): lmax [log (e/m–1 cm–1)]=306 (4.41), 351 sh (4.70),
372 (4.85), 420 (4.68), 445 (4.79), 467 (4.80), 653 (4.46), 692 (4.55),
758 nm (3.94); UV/Vis (1 % TFA/CH2Cl2): lmax [log (e/m–1 cm–1)]=313
(4.33), 376 (4.97), 427 sh (4.74), 463 (4.94), 500 sh (4.54), 662 (4.46),
694 nm (4.63); MS (FAB): m/z : 605 [M+H]+ ; elemental analysis calcd
(%) for C43H45N3: C 85.53, H 7.51, N 6.96; found: C 85.39, H 7.58, N
6.74.

Adj-azulidibenzoporphyrin 3 : Dark-green crystals; m.p. >300 8C;
1H NMR (400 MHz, CDCl3): d=9.09 (s, 2H; H-5, 20), 9.07 (d, J=

11.0 Hz, 2 H; H-2’, 3’), 8.60 (d, J =7.0 Hz, 2H; H-7’, 18’), 8.55 (d, J=

7.3 Hz, 2 H; H-8’, 17’), 8.35 (s, 2 H; H-10, 15), 7.91 (d, J=11.0 Hz, 2 H; H-
2“,3”), 7.75 (m, 4 H; H-7“, 8”, 17“, 18”), 3.45 (q, J= 7.5 Hz, 4H; Et), 2.50
(s, 1H; H-21), 2.40 (br s, 1 H; NH), 1.66 (t, J=7.5 Hz, 6 H; Et), 1.57 ppm
(s, 9 H; tBu); 13C NMR (100 MHz, CDCl3): d=164.05, 156.65, 149.03,
146.95, 142.38, 142.23, 139.95, 139.60, 134.18, 133.90, 129.64, 126.89,
126.04, 125.98, 120.00, 119.64, 105.53, 91.75, 38.80, 31.73, 30.97, 18.91,
17.13 ppm; 1H NMR (400 MHz, 5% TFA/CDCl3): d=10.66 (s, 2 H; H-
5,20), 9.96 (s, 2 H; H-10, 15), 9.96 (d, J =11.0 Hz, 2H; H-2’, 3’), 9.37 (d,
J =7.9 Hz, 2H; H-7’, 18’), 9.32 (d, J =8.1 Hz, 2H; H-8’, 17’), 8.79 (d, J =
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10.7 Hz, 2 H; H-2“, 3”), 8.43 (m, 4H; H-7“, 8”,17“, 18”), 3.93 (q, J=

7.6 Hz, 4H; Et), 1.78 (t, J =7.6 Hz, 6H; Et), 1.74 (s, 9H; tBu), 0.71 (br s,
1H; NH), �2.31 (s, 1H; H-21); UV/Vis (CH2Cl2): lmax [log (e/m–1 cm–1)]=

359 (4.65), 380 (4.84), 399 (4.95), 446 (4.75), 474 (4.83), 595 (4.04),
694 nm (4.26); UV/Vis (1 % TFA/CH2Cl2): lmax [log (e/m–1 cm–1)] =306 sh
(4.39), 386 sh (4.92), 436 (4.88), 473 sh (4.70), 502 (4.63), 671 (4.17),
731 nm (4.87); MS (FAB): m/z : 584 [M+H]+ ; elemental analysis calcd
(%) for C42H37N3·1/4H2O: C 85.75, H 6.43, N, 7.14; found: C 85.80, H
6.38, N 7.07.

Adj,opp-azulidibenzoporphyrin 4 : Dark-green crystals; m.p. >300 8C;
1H NMR (400 MHz, CDCl3): d=8.94 (m, 2H), 8.70–7.50 (m, 14H), 3.05
(m, 2H), 2.55 (m, 3H), 1.80 (m, 2 H), 1.72–1.50 (m, 13 H), 1.04 ppm (m,
3H); UV/Vis (CH2Cl2): lmax [log (e/m–1 cm–1)]= 351 sh (4.51), 370 sh
(4.63), 390 (4.67), 421 (4.68), 441 (4.71), 473 (4.65), 498 sh (4.25), 580
(4.13), 617 nm (4.09); UV/Vis (1 % TFA/CH2Cl2): lmax [log (e/m–1 cm–1)]=

326 (4.40), 350 (4.47), 377 (4.64), 446 (4.75), 463 (4.79), 515 (4.29), 585
(3.86), 654 (4.25), 699 (4.55), 768 nm (3.47); MS (FAB): m/z : 598
[M+H]+ ; elemental analysis calcd (%) for C43H39N3·H2O: C 83.87, H
6.71, N 6.82; found: C 83.52, H 6.61, N 6.66.

Azulitribenzoporphyrin 5 : Dark-green crystals; m.p. >300 8C; 1H NMR
(400 MHz, CDCl3): d=9.30–9.05 (m, 4 H), 8.81 (m, 2 H), 8.70–8.50 (m,
6H), 8.05–7.70 (m, 8H), 1.64 ppm (s, 9H); UV/Vis (CH2Cl2): lmax [log (e/
m

–1 cm–1)] =394 sh (4.68), 422 sh (4.54), 445 (4.58), 474 (4.58), 507 (4.20),
668 (4.11), 713 nm (4.08); UV/Vis (1 % TFA/CH2Cl2): lmax [log (e/m–1 cm–

1)]=379 (4.77), 390 (4.77), 442 (4.85), 456 (4.84), 520 (4.60), 674 (4.22),
736 nm (5.01); MS (FAB): m/z : 578 [M+H]+ ; elemental analysis calcd
(%) for C42H31N3: C 87.32, H 5.41, N 7.27; found: C 87.24, H 5.49, N
7.26.
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