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Abstract . Atropisomerization of meso-tetrakis(2-carboxy-4-nonylphenyl)porphyrin 1, in
nonpolar selvents such as CHCl3 yioes the aooo isomer exclusively, while the same
1somerization in polar solvents such as DMSO proceeds normally. Spectroscopic
mvestigations of 1 suggest that the porphyrin exists as a cofacial dimer in nonpolar solvents,
where eight hydrogen bonds nmony four pairs of carboxylic acids in 1 are formed

Porphyrin dimers have been attracting particular attention of chemists for their characteristic
chemical and physical properties relating to those of biological systems such as photosynthetic
centers.)?  On the basis of such biomimetic interest, various types of synthetic methods have
been developed to prepare artificial porphyrin dimers, where two porphyrin molecules were
connected with covalent bonds.2)  Another interesting approach to the construction of
porphyrin dimers is to utilize self-assembling functions based on molecular recognition. There
have been several examples of such spontaneous dimeric porphyrin formation systems which
are so designed as to use hydrogen bonds or ligand coordination as associative interactions
between two porphyrin molecules.3)  These self-assembling systems usually consist of a single
equilibrium process and their selectivity for dimer formation is mainly determined by spatial
arrangement of interacting groups attached on the porphyrins. ~ We report here a novel self-
assembling system for porphyrin dimer formation which is accompanied by conformational
change of the monomeric porphyrin.  The observed self-assembling process is so highly
selective for dimer formation that, even starting from mixture of undesired monomeric
porphyrin isomers, the system gives the practically pure dimer of the single isomer.

The porphyrin used in this work is meso-tetrakis(2-carboxy-4-nonylphenyl)porphyrin, 1,
which was prepared according to Scheme 1. The precursor porphyrin, 2, was easily hydrolyzed
in aq. 15N NaOH/THF solution to afford 1 in 70 % yield.¥)  Although the analogous
porphyrin, meso-tetrakis(2-carboxyphenyl)porphyrin having no nonyl group, is known as an
intermediate for functionalized porphyrin synthesis, its detailed characteristics such as an
atropisomeric distribution has not been studied because of its insolubility in organic solvents.5)
In contrast, the present porphyrin 1 is highly soluble in usual organic solvents and, therefore,
may be suitable for investigations of its solution properties.

The distribution of atropisomers of 2 was easily determined by using usual reverse phase
HPLC column and the equilibrated solution shows the normal statistical distribution, i.e,cfap :
oo : oo oo =1:2:4:19  Although there was no appropriate direct method to
analyze an atropisomer distribution of 1, esterification of 1 with diazomethane at room temper-
ature showed to give 2 quantitatively without any disturbance of the original distribution.
Thus, we tried to determine the atropisomer distribution of 1 in various organic solvents.
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Experiments of thermal equilibration in sealed tubes at 80 °C for 15 h. showed interesting
behavior of 1 which was quite different from that of 2. The most interesting point is that the
atropisomerization of 1 is highly solvent-dependent and there are clear two groups of solvents
which give distinct results each other; that is, one is the group of relatively polar solvents such
as THF, acetone, dioxane and DMSO in which the isomerization proceeds normally to afford
nearly statistical mixture of isomers, and another is that of relatively nonpolar solvents such as
CHCl3, CCly, CHCI,CHCI; and benzene in which the oo isomer is unusually enriched after
thermal equilibration. ~ The final contents of the oo isomer in these nonpolar solvents are
over 95, 99, 99 and 95 %, respectively.  The typical kinetic traces of present atropisomerization
are shown in Figure 1. The data clearly show monotonous increase of the ccoter isomer in
CHCICHCI;, which is in sharp contrast to monotonous decrease of the same isomer in DMSO.
These results suggest that the aaoo isomer was anomalously stabilized in the nonpolar
solvents in spite of its thermodynamic and/or statistic disadvantage.”) It should be also noted
that the system contains no second additive, which is necessary to induce the caoo isomer in
previously reported systems showing similar large deviation from statistical atropisomeric
equilibration of TPP type porphyrins.®)

In order to clarify the origin of present unusual stabilization of the oo isomer of 1, we
investigated its spectroscopic properties in various solvents.  The UV/vis, IR and NMR
spectroscopic data of 1 and 2 are summarized in Table 1. It is evident that the Soret band
absorption, C=0 stretching vibration and 'H NMR chemical shifts of 1 are strongly affected by
solvent change from nonpolar to polar solvents but, in contrast, those of 2 are insensitive to
change of conditions. For example, the Soret band of 1 in CHCly shows significant blue-shift to
overlap with the shoulder peak around 410 nm which is observed clearly in other conditions.
Furthermore, the absorption frequency of carbonyl stretching vibration of 1 in CHyCly exhibits a
large shift toward lower frequencies, strongly indicating hydrogen bond formation between two

carboxylic acid moieties.  In the NMR spectra, signals of 1 in CDCl3 alone appear differently
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Figurel. Thermal isomerization of 1 in a) DMSO and b) CHCL,CHCl, at 80 °C. Solid lines are theoretical
curves obtained by curve fitting analyses using a) standard thermal TPP atropisomerization model with
k=0.0014 min” and b) atropisomerization model shown in Figure 2b with k = 0.017min", K, = 7.3x10°M"!
and K, =4500M"'.

from the others, though chemical shifts for 1 and 2 even in THF are very similar.  All of these
observations strongly suggest that 1 generates some kind of molecular assembly in nonpolar
solvents via hydrogen bond formation between carboxylic acid moieties.  Based on these
results, we measured molecular weight of 1 in CHClz and THF by the method of vapor pressure
osmometry. The results undoubtedly indicated dimer formation in CHCl; and monomeric
state in THF, 1.e., observed molecular weight of 1 in CHCly and THF were 2680 + 200 and 1260 +
100 respectively, which are in excellent agreement with those of dimer (M.W.=2588) and mono-
mer (M.W.=1294). Considerations of molecular models reveal the face-to-face dimer of 1
shown in Figure 2a as the most plausible structure. The equilibrium constant for dimer
formation is estimated to be lager than 107 M"! at 80 °C, which corresponds to the stabilization
energy of 11 kcal/mol.  The eight hydrogen bonds among four pairs of carboxylic acids in the
dimer not only explain the observed stabilization energy but also give the origin of the driving
force for present self-induced dimerization where phase matched atropisomerization to yield
the aocoar 1somer is required.  Theoretical curve fitting analyses reveal that the observed data
In Figure 1 show excellent agreement with the kinetic model which, in addition to the standard

model for the atropisomerization of TPP derivatives,) contains highly efficient dimerization of

Table 1. The UV /vis, IR and NMR spectroscopic data of 1 and 2.2)

Porphyrin UV /vis b) IR NMR ¢)
Amax (nm) Voo (em') pyr-f-H Hy Hy He NH & (ppm)
425 (CHCly) 1727 (CH2Clp) 8.60 8.19 796  7.59 -2.43 (CDCl3)

2 424 (DMSQO) 1727(THE) 8.56 8.20 804 7.70 -2.40 (dg-THF)
Anonpolar-polar®’ 1 0 0.04 -001 -008 -011 -0.03

1 420 (CHCl3y) 1701(CH2CI) 822 838 726  7.04 -3.24 (CDCl3)

1 427 (DMSQ) 1721(THF) 8.56 822 796  7.65 -2.43 (dg-THF)
Anonpu]ar-p(vlare) -7 20 -0.34 016 -0.70  -0.61 -0.81

a) The spectra were obtained at room temperature. The solvents used were assigned in parentheses.
b) Absorption maximum of the Soret band. ¢) Absorption maximum of C=0 stretching vibration.

d) Chemical shifts for protons in the aromatic region and pyrrole protons. For notations, see Scheme 1.
e} Differences between the polar (upper data) and nonpolar solvent (lower data).
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Figure 2. a) A plausible structure of dimeric 1 Dashed lines show hydrogen bonds, length of which are
1.9+ 0.1 A. The nonyl chains were omitted. b) Plausible atropisomerization mechanism in a nonpolar
solvent, where k is a rate constant of benzene rotation and K; and K, are equilibrium constants of dimer
formation of cocc and oo isomers, respectively. The values of k, K; and K; are given in Figure 1.

the oo isomer (Kq > 107 M-1) and minor one of the acof isomer (Kz ~ 4000 M1} as shown in

Figure 2b.10) Further detailed investigations for this system are now underway in our laboratory.
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