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We report the synthesis and characterization of facially en-
cumbered meso–meso-linked and triply fused porphyrin arrays.

Recently, our group has reported singly meso–meso-linked
porphyrin arrays1 and meso–meso, �–�, �–�, triply linked por-
phyrin arrays (porphyrin tapes),2 both of which are unprecedent-
ed in respects of the molecular length and the extent of �-conju-
gation. The former arrays have been synthesized up to a discrete
1024-mer, in which the electronic interactions between porphy-
rin units are small owing to the orthogonal conformations. In
contrast, the fully conjugated features of the latter arrays are
apparent from the progressive red-shifts of the absorption
bands, reaching an exceptionally red-shifted absorption band
at 2800 nm for the dodecameric porphyrin tape.2a This feature
is intriguing, since they do not exhibit effective conjugation
length (ECL) behavior3 up to the dodecamer, hence suggesting
ECL of these arrays larger than 12. Despite this promise, the por-
phyrin tapes have serious problems such as poor solubility and
chemical instability, which become more evident with increas-
ing number of porphyrin subunits. Especially, the poor solubility
of porphyrin tapes makes it difficult to characterize them by
spectroscopic methods. These problems are common for exten-
sively �-conjugated molecules. One of the useful strategies to
solve them is to encapsulate the �-conjugated system.4,5 In this
paper, synthesis and properties of a new series of porphyrin
arrays that bear bulky aryl groups at 5- and 15-positions are
reported. 2,4,6-Tris(3,5-di-tert-butylphenoxy)phenyl group was
employed for facial encumbrance of porphyrin tapes, which
was hoped to suppress aggregation and to improve the chemical
stability.

5,15-Bis[2,4,6-tris(3,5-di-tert-butylphenoxy)phenyl]porphy-
rinzinc(II) complex B1 was synthesized as shown in Scheme 1.

Cu(I)-catalyzed coupling reaction of 2,4,6-tribromobenzalde-
hyde (1) and 3,5-di-tert-butylphenol (2) afforded 2,4,6-tris(3,5-
di-tert-butylphenoxy)benzaldehyde (3) in 79% yield.6 Acid-
catalyzed condensation of 3 and dipyrrylmethane (4) followed
by oxidation with DDQ provided 5,15-bis[2,4,6-tris(3,5-di-
tert-butylphenoxy)phenyl]porphyrin in 43% yield, which was
converted to Zn(II)–porphyrin B1 quantitatively by insertion
of Zn(II) ion.

Single crystals of B1 suitable for X-ray analysis were grown
by slow diffusion of acetonitrile into a toluene solution
(Figure 1).7 In the molecular structure of B1, the ortho-substitut-
ed 3,5-di-tert-butylphenoxy groups take almost perpendicular
conformations with regard to the porphyrin plane, hence provid-
ing steric hindrance toward �–� stacking. Actually, there is no
sign of �–� stacking in the solid state. In addition, the Zn(II) ion
in B1 is not coordinated with any solvent molecules despite the
tendency of Zn(II) porphyrin to bind an axial ligand.

Facially encumbered meso–meso-linked porphyrins Bn
were synthesized by Ag(I)-promoted oxidative coupling.1

Monomer B1 was stirred in the presence of 3 equiv. of AgPF6
at 40 �C for 72 h to afford B2 (21%), B3 (8%), and B4 (2%)
along with the recovery of B1 (48%). In contrast to the previous-
ly reported cases, the coupling reaction of B2 was found to be
very sluggish even under rather forcing conditions, probably
because of the serious buttressing steric hindrance arising from
the bulky meso-aryl substituents.

In general, the oxidation of meso-free meso–meso-linked
porphyrins with DDQ-Sc(OTf)3 tends to give polymeric prod-
ucts as a result of intermolecular coupling. Therefore, the syn-
thesis of the porphyrin tapes required the protection of the free
meso-positions before the double ring closure reaction. In con-
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Scheme 1. Synthetic scheme of B1. a) Cs2CO3, CuCl, AcOEt,
toluene, 79%. b) 1) TFA, CH2Cl2, 2) DDQ, 3) Zn(OAc)2.2H2O,
MeOH, CHCl3, 43%.

Figure 1. X-ray crystal structure of B1. (a) Top view. (b) Side
view.
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trast, the oxidation of Bn with DDQ-Sc(OTf)3 in toluene at
80 �C for 2 h provided meso-free porphyrin tapes TBn bearing
free meso-postions in moderate yield (23–56%) without any
noticeable amount of oligomeic porphyrin products (Chart 1).
Porphyrin tapes TB2, TB3, and TB4 thus synthesized exhibited
parent molecular ion peaks at m/z 3492.51 (calcd for 3497.49,
C232H274N8O12Zn2), m/z 5241.40 (calcd for 5243.22,
C348H416N12O18Zn3), and m/z 6986.33 (calcd for 6988.93,
C464H542N16O24Zn4), respectively, as revealed by MALDI-
TOF mass spectroscopy.

The 1HNMR spectra of TB2, TB3, and TB4 taken in CDCl3
are shown in Figure 2. In contrast to the previously reported por-
phyrin tapes,2b TBn displayed relatively sharp peaks even with-
out axial ligand such as butylamine, suggesting suppressed ag-
gregation. Compared to B1 and B2, meso and � protons of
TB2, TB3, and TB4 exhibit up-field shifts, which has been inter-
preted in terms of weakened ring current of porphyrin tapes com-
pared with that of porphyrin or meso–meso-linked porphy-
rin.2b,2c The clear spectra of TB3 and TB4 encouraged us to
compare the ring current of inner and outer units of porphyrin
tapes. Signals due to H�

1 and H�
2 of TB2, TB3, and TB4 appear

at nearly the same region, while signals due to H�
3 are slightly

shifted to up-field upon elongation of the array. Interestingly
signals due to H�

4 and H�
5 of TB3 and TB4 are more upfield

shifted at ca. 6.8 ppm, suggesting that the ring current of inner
porphyrins is weaker than that of outer porphyrins.

The UV–vis absorption spectra of TBn taken in CHCl3 are
shown in Figure 3. The absorption spectra of TBn exhibit split
Soret bands and significantly red-shifted Q-bands, which are
similar to those of the previously reported porphyrin tapes.2

However, it is worthy to note that the broadening of absorption
bands caused by aggregation was less serious and the vibronic

structures of Q-bands are well preserved up to TB4 compared
to sterically nonencumbered porphyrin tape Tn,2c probably re-
flecting facial encumbrance effects of the bulky aryl groups that
suppress the aggregation.

In summary, the synthesis and characterization of the facial-
ly encumbered porphyrin arrays were reported. The bulky
groups are suitable for suppression of aggregation. In addition,
such bulky groups allowed for the synthesis of meso-free por-
phyrin tapes, which may be fabricated towards further elaborat-
ed molecules. The 1HNMR spectra of the meso-free porphyrin
tapes revealed the attenuated ring current of porphyrins. Detailed
examinations of these soluble and chemically stable porphyrin
tapes TBnwith respect to their promising attributes8 will be wor-
thy of further investigation.

This work was partly supported by a Grant-in-Aid for Scien-
tific Research and the 21st Century COE Program.
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Figure 2. 1HNMR spectra in CDCl3. a) TB2, b) TB3, and c)
TB4. �shows solvents and impurities.

Figure 3. UV–vis absorption spectra of TBn and Tn in CHCl3.
Structures of Tn are shown in Supporting Information.
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