Construction of a self-assembling porphyrin trimer system
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A quaternary self-assembling system consisted of three
porphyrin molecules and one linker molecule is con-
structed.

The chemica construction of self-assembling systems is
currently of interest to chemists because self-assembly is
expected to be essential methodol ogy to overcome the synthetic
difficulties encounted in the preparation of highly complicated
and ordered molecular systems. Recently, we found a receptor
based on a doubly bridged porphyrin molecule (trench por-
phyrin) which recognizes diakyl tartrates selectively via four
point hydrogen bonds.2 The most important requirement for this
system isthe core conformations of the tartrate, gauche OH/OH
and anti CO,R/CO;R, in which two carbonyl and two hydroxy
oxygen atoms are practically planar. In contrast, the system is
rather insensitive towards the properties of alkyl ester groups.2
Thus, it is an interesting challenge to extend the system to a
large scale assembly by modifying these alkyl moieties. We
report here a self-assembling porphyrin trimer system consist-
ing of two different types of porphyrin molecules and one
tartrate derivative as a linker molecule.3

For this purpose, we designed a new tartrate linker molecule
1 which has two pyridine moieties arranged in away so that the
pyridine and tartrate moieties may act as independent recogni-
tion sites for the porphyrin molecules. Compound 1 was
prepared by acid-catalysed reaction of I-tartaric acid with an
excess of 3-(3-pyridyl)propanol in toluene. The complex
formation between 1 and meso trench porphyrin 2 was
confirmed by UV-VIS spectroscopic titration showing a red
shift of the Soret band of 2 (428 nm) with a clear isosbestic
point, giving an association constant of 2300 + 100 dm3 mol—1
at 288 K. 'H NMR data (Table 1) revea further details of the
present complex formation. Upon complexation with 2, two
hydroxy and H; protons (see Fig. 1) of 1 exhibit an unusual
upfield shift as previously reported for smple alkyl tartrates.2
The association constant is estimated to be >1 x 105 dm3
mol—1 at 223 K. In contrast, the proton signals of the pyridyl
moiety are observed in the normal aromatic region and show
only a 0.1-0.3 ppm upfield shift upon complexation. These

Table 1 IH NMR chemica shifts (8) of 1 in CDCl; under various
conditions?

Tatrate moiety Pyridyl moiety
Host Hy OH Ha Hp Hc Hq
none 455 —b 7.51 7.22 8.44 8.45
2c 068 —381 7.22 7.15 8.45 8.20
056 —413 724 7.08 8.38 7.89
3 2.70 4.00¢ 552 4.65 020 —0.06
2+ 3ce 002 —418 513 4.59 —-0.15 —-0.48
—018 —443 5.00 454 —-0.73

aThe dataare obtained at 223 K except those of 1 (288 K). P Unclear. ¢ Two
signals are observed due to the unsymmetrical structure of 2. 4 Owing to
heavy overlap with the ethyl signals of 3, the position is assigned from
COSY data e[1] = [2] = 1 X 103 m; [3] = 2 X 10-3 m. Under these
conditions, ca. 60% of 2 forms the assembly with a 1:2 complex of 1 and
3. T No separation for H. was observed.

observationsindicate that 1 complexeswith 2 at the tartrate site
via four hydrogen bonds and the pyridyl moieties practically
remain free. Another porphyrin component of the present
assembly, octaethylporphyrin Rh complex 3, aso forms a
complex with 1 giving a stable 2: 1 complex which is isolable
giving m/z of 1729.77 in a FABMS spectrum (calc. for
C92H113N1006Rh20|2, m'z 172963) Asshown in Table 1, the
pyridyl protons of this complex are shifted upfield by 2.0-8.5
ppm with respect to those of free 1, while the H; protons show
arelatively small upfield shift. The very large upfield shifts of
H. and Hy demonstrate the coordination of the pyridyl moieties
of 1 on Rh atoms* and that the tartrate moiety does not directly
participate in the complex formation. Thus, the tartrate and
pyridyl moieties of 1 are confirmed to act as independent
binding sites for porphyrins 2 and 3. Based on these results, we
attempted to construct a porphyrin trimer self-assembly. The 1H
NMR spectrum of the mixture of 1 (1.0 mm), 2 (1.0 mm) and 3
(2.0 mm) in CDCl; indicated that, at 223 K, no free pyridyl
moieties of 1 were observed and new pyridyl signals (Table 1)
appear in addition to those of the 2: 1 complex of 3and 1. This
behaviour is independent of the mixing sequences of the three
components. It should be noted that both the tartrate and pyridyl
moieties simultaneously show large upfield shifts which
indicates the binding of the tartrate moiety on 2 and the pyridyl
moiety on 3 respectively. Integration data for these protons
gives the association constant between 2 and the 2: 1 complex
of 3 and 1 as 3000 + 500 dm3 mol—1 at 223 K which is much
smaller than that for 2 and 1, while the pyridyl moieties of 1

(b)

Fig. 1 Self-assembling porphyrin trimer system. (a) Component structures.
(b) Schematic assembly structure.
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quantitatively form complexes with 3 even under the present
conditions. Although the smaller association constant suggests
the existence of significant steric hindrance between the core
porphyrin 2 and the two terminal porphyrins 3 due to the short
akyl chains of 1, the results clearly indicate that the present
system affords the quaternary self-assembly shown in Fig. 1
without any confusion between the different types of binding
sites.
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