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Synthesis of covalently bonded nanostructure from two
porphyrin molecular wires leading to a molecular tube
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Abstract—Molecular wire, diacetylene-linked porphyrin dimer 6 having terminal alkenes, was synthesized. Porphyrin dimer 6
formed the 1:1 double-stranded ladder complex with 1,4-diazabicyclo[2.2.2]octane (DABCO). The co-planar stacked two porphyrin
molecular wires in the ladder complex were connected by olefin metathesis in the presence of the Grubbs catalyst in order to make a
covalently bonded tubular nanostructure. The obtained molecular tube 7 was characterized by 1H, 13C NMR spectroscopy, and
MALDI-TOF MS spectrometry.
� 2006 Elsevier Ltd. All rights reserved.
The construction of a p-stacked molecular structure is of
great interest for understanding the electronic interac-
tions between individual chromophores, since p–p inter-
actions are important to achieve high charge carrier
mobility for applications to organic electronic devices.
Nakano et al. designed and synthesized poly(dibenzoful-
vene)s,1 in which the side-chain chromophores were reg-
ularly p-stacked, and reported this p-stacked structure
facilitated charge transfer as compared to the main-
chain type p-conjugated polymers such as poly(p-phen-
ylenevinylene) and photoconductive poly(N-vinylcar-
bazole).1c It is desirable that the molecular wire is
constructed by the through-space p–p interaction rather
than the through-bond p-conjugation. One simple ap-
proach to design the p-stacked structure in a p-conjuga-
tion system is the incorporation of a small cyclophane
unit such as [2.2]paracyclophane,2 which has the intra-
molecular p–p interaction. Bazan, Mukamel and co-
workers have reported the unique photophysical proper-
ties of a series of stilbenoid dimers having a [2.2]para-
cyclophane core.3 In addition, we4 and other groups5

have synthesized the through-space p-conjugated poly-
mers having a cyclophane unit in the main chain. We
also reported benzene ring-layered polymers comprising
[2.2]paracyclophane and xanthene skeletons.4n
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Another approach is to exploit the intermolecular inter-
action such as p–p interaction,6 metal-coordination,7

hydrogen bonds,8 and donor–acceptor interaction9 as
a driving force for organizing aromatic compounds into
well-defined supramolecular p-stacked structures. Some
supramolecular p-stacked assemblies exhibited unique
physical properties such as high one-dimensional charge
carrier mobility parallel to the direction of p-stack-
ing.6a,b In addition, a dynamic p-stacked molecular
assembly in solution can tune the emission color.6c,d,e

Although supramolecular self-assembly method can
provide an easy approach to obtain the desired p-
stacked structures, these structures are stable only under
specific conditions. Accordingly, connecting each p-con-
jugated molecule in a self-assembled p-stacked structure
by covalent bonds is desirable to maintain the structure
under various conditions.

Anderson and co-workers reported the cooperative self-
assembly of the conjugated diacetylene-linked zinc por-
phyrin dimer10a and oligomer,10b which formed a stable
double-strand ladder complex with 1,4-diazabicy-
clo[2.2.2]octane (DABCO). The ladder formation is an
all-or-nothing two-state assembly; no other complexes
are observed apart from the ladder and the unbound oli-
gomer by adding less than the stoichiometric amount of
DABCO. We used this cooperative self-assembly for the
formation of the stacked structure, and then attempted
to hold the structure by the carbon–carbon bond forma-
tion. The resulting structure can be regarded as the
tubular structure. The tubular structure consisting of
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Scheme 1. Reagents and conditions: (i) 4-(trimethylsilylethynyl)benzaldehyde, BF3ÆEt2O, at 0 �C for 30 min, (2) DDQ, at rt for 1 h, y. 20%; (ii)
Zn(OAc)2Æ2H2O, at rt for 45 min, y. 90%; (iii) nBu4NF, at rt for 5 min, y. 74%; (iv) (1) LDA (2.0 M), at rt for 15 min, (2) (nC6H13)3SiCl, at rt for
80 min, y. 28%; (v) CuCl, TMEDA, O2, at rt for 1 h, y. 43%.

Scheme 2.
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p-conjugated molecular wire is expected to offer not only
a novel organic molecular device, but also a one-dimen-
sional molecular host. Herein, we report the preparation
and characterization of a novel nanostructured material
consisting of two conjugated porphyrin dimers via the
formation of the cooperative self-assembly of the por-
phyrin ladder complex with DABCO leading to the
molecular tube.

Molecular wire, diacetylene-linked porphyrin dimer 6,
was prepared by the established procedures10,11 as
shown in Scheme 1. Free base porphyrin precursor 2
was synthesized from the corresponding dipyrrome-
thane 1 with 4-[(trimethylsilyl)ethynyl]benzaldehyde in
the presence of the boron trifluoride ethyl ether complex
(BF3ÆEt2O) followed by oxidation using 2,3-dichloro-
5,6-dicyano-1,4-benzoquinone (DDQ) in 20% yield.
Zinc porphyrin 3 was obtained from 2 by the treatment
of Zn(OAc)2Æ2H2O in 90% yield. Deprotection of 3 with
nBu4NF gave 4 in 74% yield. Lithiation of 4 by lithium
diisopropylamide (LDA) followed by chlorotrihexyl-
silane afforded mono-protected zinc porphyrin 512 in
28% yield. The Hay coupling reaction13 of 5 in the pres-
ence of an excess amount of CuCl and N,N,N 0,N 0-tetra-
methylethylenediamine (TMEDA) in CH2Cl2 with
stirring for 1 h under an oxygen atmosphere gave 614

in 43% yield as a reddish purple solid.

Molecular tube 7 was synthesized from 6 by the ruthe-
nium-catalyzed olefin metathesis as shown in Scheme
2. At first, 0.5 equiv of DABCO per porphyrin unit
was added to a solution of 6 in CH2Cl2, and then the
1:1 ladder complex of 6 was formed. The color of the
solution was changed from reddish purple to bluish pur-
ple. Olefin metathesis of the ladder complex was
performed in the presence of the Grubbs catalyst (first
generation), benzylidenebis(tricyclohexylphosphine)-
dichlororuthenium,15 with a rapid stirring at room tem-
perature for 24 h under a nitrogen atmosphere. After the
reaction was complete, the crude product was purified
by silica gel column chromatography and by the recy-
cling preparative HPLC using CHCl3 as an eluent to ob-
tain 716 in 7% yield. The molecular tube complex 7,
including DABCO, was stable during purification. The
low yield (7%) was due to the loss of the target materials
during the purification processes and low solubility
derived from the rigid rod structure.



Figure 1. 1H NMR spectra of (a) diacetylene-linked porphyrin dimer 6 and (b) molecular tube 7 in CDCl3.
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The structure of the molecular tube 7 was confirmed by
1H, 13C NMR, and MALDI-TOF MS spectra. Figure
1a shows the 1H NMR spectrum of 6 in CDCl3. The sig-
nals of the olefinic methylene and methyne protons
appeared at 5.16, 5.26, and 5.90 ppm, respectively. In
the 1H NMR spectrum of 7 (Fig. 1b), the signal of the
methylene protons of DABCO appeared at �4.9 ppm,
indicating that two DABCO were incorporated into a
porphyrin sandwich dimer.17 The integral ratio of DAB-
CO supported the formation of the 1:2 (7:DABCO) lad-
der complex. No alternate ladder complex was obtained,
because the signal at around �3 ppm corresponding to
the 1:1 (porphyrin:DABCO) open complex was not ob-
served. The terminal olefinic methylene protons of 6 at
5.16 and 5.26 ppm completely disappeared, and the
new signals appeared at 5.74–5.90 ppm, which was con-
sistent with the internal olefinic methyne protons
(Fig. 1b). This suggests that the olefin metathesis pro-
ceeded completely to form the tubular structure. Figure
2 shows the MALDI-TOF MS spectrum of the molecu-
lar tube 7. DABCO was removed by ionization, and the
peak was detected at 3980.99, which was in agreement
with the calculated value of the desired molecular tube
(3979.79) and one proton without DABCO. Other by-
Figure 2. MALDI-TOF MS spectrum of 7.
products derived from the alternate ladder complex or
incompletely connected tubular structures were not
obtained.

In conclusion, molecular tube 7 was successfully synthe-
sized from porphyrin molecular wire 6 via the formation
of the 1:1 ladder complex with DABCO followed by ole-
fin metathesis. The obtained molecular tube 7 was char-
acterized by 1H, 13C NMR spectroscopy, and MALDI-
TOF MS spectrometry. Further studies on physical
properties and the synthesis of molecular tube without
DABCO are currently underway.
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