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The discovery of expanded porphyrins has broadened the
scope of porphyrin-related research. Since the first report of
expanded porphyrins, namely a pentapyrrolic aromatic mac-
rocycle referred to as sapphyrin,[1] various other oligopyrrole
macrocycles including pentaphyrins, hexaphyrins, and rubyr-
ins have been synthesized and characterized.[2] However,
sapphyrins remain among the best studied of all the expanded
porphyrins. For instance, they have been studied as hosts for
anions[3,4] and as potential photosensitizers for photodynamic
therapy,[5] and owing to their unique electronic features, which
are exhibited in their narrow absorption bands, sapphyrins
have also attracted interest as possible nonlinear optical
materials. The synthesis and anion-binding properties of

sapphyrins have been reviewed recently.[6] The most common
synthesis of sapphyrins is the so-called 3+2 approach
reported by Broadhurst et al. ,[1] and this approach has
successfully been employed to obtain a range of alkyl- and
meso-substituted sapphyrins.[7–12] A less common but equally
attractive approach is the so-called 4+1 approach, which
relies on the use of a tetrapyrrolic precursor and formylpyr-
roles.[8, 13,14] Despite these and other efforts, there has appa-
rently been no report of a sapphyrin that imposes intrinsic
conformational restriction on its pentapyrrolic core. In this
light, we report here the synthesis and spectroscopic proper-
ties of what we believe is the first benzodipyrrole-derived
sapphyrin system, 1. As the corresponding benzo-extended
sapphyrins[15] were found to exhibit red-shifted absorption
bands, it was considered likely that the use of a benzodipyr-
role unit such as 3 would provide another means of fine-
tuning the electronic properties of sapphyrins.

Sapphyrin 1 was synthesized through a typical 3+2 con-
densation from the key precursors, diformylbenzodipyrrole
derivative 5 and tripyrromethane dicarboxylic acid 6. As
shown in Scheme 1, 3,6-diformylbenzodipyyrole 3 was

obtained by a Vilsmeier–Haack reaction of benzodipyrrole
(2),[16] which upon reduction with LiAlH4 yielded 3,6-dime-
thylbenzodipyrrole (4). A further Vilsmeier–Haack reaction
of this intermediate afforded the required dialdehyde 5 in
72% yield. Tripyrromethane dicarboxylic acid 6 was synthe-
sized easily according to a reported procedure.[17] Acid-
catalyzed condensation of benzodipyrrole derivative 5 and
tripyrromethane dicarboxylic acid 6 followed by air oxidation
provided the desired fused sapphyrin 1 in 18% yield. A higher
yield was expected as a result of the conformational
restriction imposed by the fused dipyrrole moiety, but the
isolated yield of 1 was rather low. Intermediate 5 proved to be
less reactive than simple dipyrroles, and this lack of reactivity
is thought to account, in part, for the low isolated yield of the
sapphyrin product.[18] Sapphyrin 1 was characterized by
standard spectroscopic methods, as well as single-crystal X-
ray diffraction studies. The salt 1·2 H+ 2 OTs (OTs = p-

Scheme 1. Synthesis of sapphyrin 1. DMF=N,N-dimethylformamide, TsOH= p-toluenesulfonic acid.
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CH3C6H4SO3
� (tosylate)) was easily obtained by shaking a

solution of 1 in dichloromethane with aqueous p-toluenesul-
fonic acid.

The 1H NMR spectrum of the free-base sapphyrin 1
revealed three broadened signals at d =�0.87, �1.30, and
�2.46 ppm for the inner NH protons which indicates that
inner NH protons reside unsymmetrically as shown in
Scheme 1. On the other hand, the ditosylate salt
1·2 H+ 2OTs showed distinctive resonances at d =�3.65,
�3.78, and �4.79 ppm, with a respective ratio of integration
of 2:1:2, which indicates C2v symmetry for the diprotonated
salt. The signals for the aromatic protons of p-toluenesulfonic
acid appear as broad singlets at d = 5.44 and 2.59 ppm and
indicate a strong diamagnetic influence from the sapphyrin.

Diffraction-grade crystals of 1·2 H+ 2OTs were obtained
by the slow diffusion of hexane into a solution of the salt in
chloroform. X-ray crystal structure analysis revealed the
presence of one molecule of chloroform in the unit cell[19] and
also showed that the oxygen atoms on one of the tosylate
groups (upper) were disordered. As shown in Figure 1, the
two oxygen atoms on the upper tosylate group are bound to
three pyrrolic NH groups, with O–N distances of 2.830 (O1–
N2), 2.932 (O1–N3), and 2.962 � (O2–N5), while only a single
oxygen atom (O1’) from the lower tosylate group is bound to
the three NH groups at N1, N2, and N4 with respective O–N
distances of 2.881, 2.927, and 2.838 �. Presumably as a result
of these interactions with the anions and possible steric
congestion between the five inner N�H groups, the pyrrole
ring that bears N5 is tilted upward relative to the mean plane
of the macrocycle. This behavior is most unusual for a b-alkyl-
substituted sapphyrin.

The pyrrole–tosylate N�O distances range from 2.838 to
2.962 � and are well within the range expected for effective
hydrogen-bonding interactions. Further analysis of the 3D
packing structure indicated that two tosylate groups are
located between two sapphyrin molecules.
The two tosylate anions lie slip-stacked
one above the other in an antiparallel
manner with the sulfonate groups pointing
outwards to minimize electronic repulsion
between them (see Figure 2). The distance
between the uppermost hydrogen atom
(H50) of the methyl group of the lower
tosylate group and carbon atom C49 at the
4-position of the benzene ring in the upper
tosylate is 2.941 �.

The absorption spectra of free-base 1
and its ditosylate salt 1·2 H+ 2OTs are
shown in Figure 3. Sapphyrin 1 shows a
Soret-like band at 466 nm, whereas the
Soret-like band is slightly red-shifted and
appears at 469 nm in the salt 1·2 H+ 2OTs.
The bands are also red-shifted relative to
the values of 457 and 456 nm reported for
decaalkylsapphyrin and its diprotonated
form, respectively.[20] The strongest
absorbing Q-band in free-base form 1 appears at 727 nm,
whereas for the salt 1·2 H+ 2OTs the major Q-band at 703 nm
is accompanied by a weaker band at 748 nm. The Q-bands are

also significantly red-shifted relative to those of decaalkyl-
sapphyrin.[14a] The Q-bands for 1 and its diprotonated salt are
relatively less intense than those for other diprotonated

Figure 1. ORTEP views of the sapphyrin di-p-toluenesulfonic acid salt,
1·2H+ 2OTs� . a) Top view with the tosylate groups omitted for clarity,
and b) side view showing the unsymmetrical nature of the hydrogen-
bonding interactions between the two anions and the protonated
macrocycle.

Figure 2. a) Arrangement of two diprotonated sapphyrin molecules (stick representations;
C light gray, N dark gray) and their respective tosylate anions (space-filling representation;
sulfonate oxygen atoms are shaded darker than S and C atoms) within the crystal structure.
b) The two tosylate anions located between the two sapphyrins are packed antiparallel, with
a distance of 2.941 � separating atom C49 (C�C) of one OTs moiety and H50 (tolyl H2C�H)
of the other.
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sapphyrin species. The absorption spectrum of the dichloride
salt of 1, which was obtained by Sessler�s method,[18,20] was
compared directly with the spectra of some benzo-extended
sapphyrins.[15] From the results obtained (data not shown), it
appears that incorporation of the benzene ring directly into
the sapphyrin, as in 1, has a stronger effect on the electronic
properties of the molecule than in benzo-extended analogues
by extension of the overall p-electron conjugation (aroma-
ticity) through the use of the diene part of the fused benzene
unit.

In conclusion, we have introduced a new member to the
family of extended porphyrins, a pyrrole-fused sapphyrin. The
diprotonated benzodipyrrole-bridged sapphyrin 1 is slightly
buckled presumably from a combination of conformational
restriction about the fused benzodipyrrole moiety and
through steric interactions between the five inner amine
groups. Currently, we are exploring further extensions of this
theme, for instance, by targeting the replacement of the
dipyrrole moiety with other aromatic and heteroaromatic
subunits.
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Figure 3. UV/Vis spectra of sapphyrin 1 (c; 1.99 � 10�5
m in CHCl3

with 1% Et3N) and 1·2H+ 2OTs� (a ; 6.79 � 10�5
m in CHCl3).
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