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N-Methylporphyrin as a Binding Motif for the Recognition of a Phenolic Hydroxy Group
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Binding of phenols to N-methyltetraphenylporphyrin 1 was
investigated in dichloromethane. The binding constant of 4-non-
ylphenol to 1 was 3200 M~! while that to simple amine, diamine
and triamine were less than 100M~! at 25°C. 1 showed tight
binding to ortho-substituted phenols, and the binding constant
to 2,6-xylenol was 710,000 M.

X-ray crystallographic studies of binding of estrogen to the
estrogen receptor showed that the phenolic hydroxy group is hy-
drogen bonded to the carboxylate group of the glutamic acid side
chain of the protein, and the hydrogen bond is assisted by several
auxiliary hydrogen bonds, which would either fix the interacting
atoms or strengthen electronic polarization.! Development of a
synthetic receptor for phenols is an important topic of investiga-
tions,” particularly in relation to the environmental issue of
endocrine-disrupting materials.> We report the use of amines
as a basic hydrogen-bonding site for recognition of phenolic hy-
droxy groups. N-Alkylporphyrins and saddle-shaped porphyrins
showed unusual electronic properties, and have been studied
recently.* We demonstrate that N-methylporphyrin is a better
phenol receptor than simple mono-, di-, and triamines.

N-Methyl-5,10,15,20-tetraphenylporphyrin (1) was pre-
pared by the reaction of 5,10,15,20-tetraphenylporphyrin
(TPP) with methyl fluorosulfonate (Scheme 1).> The 'HNMR
spectrum of 1 in CD,Cl, showed only one resonance in the up-
field region at § —4.08 ppm (ca. 2H) at 25 °C,° but upon cooling
to —80°C, two sharp singlet resonances appeared at —2.44 ppm
(1H) and —4.29 ppm (3H), which can be ascribed to the inner
NH proton and the N-Me protons, respectively. Therefore, the
"HNMR spectrum recorded at room temperature was complicat-
ed due to the chemical exchange process, and lowering temper-
ature disrupted it to simplify the spectrum.

Binding of phenols to 1-8 was investigated by UV—vis titra-
tion and variable-temperature NMR. In UV-vis titration,
changes in the Soret band of 1 were monitored as a function
of phenol concentrations, or changes in the phenol absorption
were monitored as a function of the amine concentrations. In
Figure 1 are shown the UV-vis spectral changes of 1 upon addi-
tion of 4-nonylphenol. The decrease in absorbance at 433 nm and
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Scheme 1. Structures of phenol receptors.

the increase at 446 nm were observed. Similar spectral changes
were observed for other phenols. For 1, the binding isotherm
was fitted on the basis of sequential 1:1 and 1:2 (host/guest)
binding equilibria, and binding constants K; and K, were
determined (Table 1). For mono-, di-, and triamines, the binding
constants were smaller, and only the binding constants for the
1:1 complex were determined. The binding constants of p-
nonylphenol by 2-8 in CHCl; at 25 °C were 27 (2), 71 (3), 33
(4), 45 (5), 86 (6), 68 (7), and 22M~! (8).

Binding constants of phenols by 1 were on the order of 10°
to 10*M~!, while those by mono-, di-, and triamines were
less than 100 M. It is noteworthy that the parent phenol and
phenols with electron-donating substituents were bound to 1
with moderate affinity. In the previous paper, we reported that
5-quinolylporphyrin bound phenol with the binding constant
of SM~!'.?" Similarly, binding of phenols to chiral diamines
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Figure 1. UV-vis titration of 1 with 4-nonylphenol in CH,Cl,
at 25 °C. Difference spectra (inset).

Table 1. Binding constants of phenols to N-methyl-5,10,15,20-
tetraphenylporphyrin (1) in CH,Cl, at 25°C?*
K/M~! (standard
deviations)
20,000 (2000)
18,000 (1000)

Phenols

Phenol
4-Methylphenol

4-Ethylphenol 9300 (600)
4-Nonylphenol 3200 (300)
4-Chlorophenol 5200 (700)
4-Bromophenol 4300 (300)

237,000 (13,000)
12,000 (2000)
5200 (400)

4-Cyanophenol
2-Methylphenol
2-Ethylphenol
2-Cyanophenol 24,000 (700)
2,6-Xylenol 710,000 (40,000)

#The values of K, were smaller, and typically K; /K, was
20 or larger except for 4-nonylphenol: K, = 1300M .
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Figure 2. '"HNMR spectra of 1 (2.0 x 1073 M) and p-cyano-
phenol (1.0 x 1073 M) in CD,Cl, at —30, —20, —10, 0, 10,
and 20°C.

was investigated, and only the phenols with electron-withdraw-
ing groups or biphenyldiol were bound to the chiral diamine with
significant binding affinity.” In a control experiment, UV—-vis ti-
tration with TPP and phenols was investigated, but no spectral
changes were observed. Thus, receptor 1 showed tighter binding
to phenols than the simple amines and the parent porphyrin. Ef-
fects of ortho-substituents were unpredictable. Only weak steric
inhibition of binding was seen for the ortho-substituted phenols.
Unexpectedly, 2,6-xylenol was bound to 1 with a large binding
constant of 710,000 M~!. Molecular modeling studies indicated
that one of the methyl groups was close to the porphyrin core and
CH/7 interactions® may play a significant role.

'THNMR studies supported the binding of phenols to 1. In
Figure 2 are shown 'HNMR spectra of 2 x 1073 M of 1 and
1 x 107> M of 4-cyanophenol in CD,Cl,. The resonance of 2-
H of 4-cyanophenol, which appeared at 6.92 ppm in the absence
of 1, shifted upfield upon cooling, and appeared at 6.28 ppm at
—30°C. Similar but smaller upfield shift of the 3-H resonance
of 4-cyanophenol was observed. These resonance displacements
can be attributed to the ring-current effects of the porphyrin, and
are consistent with the hydrogen bonding of the OH group to the
pyrrolic nitrogen. We reported that lowering temperature in-
duced proton transfer in the hydrogen-bonding complex between
phenol and amine, and consequently caused changes in the dy-
namics in the complex.” The upfield shift of the guest aromatic
resonances in the complex between 1 and 4-cyanophenol implies
that fluctuation of the guest was suppressed upon cooling to form
a rigid host—guest complex.

The acid dissociation constant (pK3) of 1 was reported to be
5.64 in nitrobenzene, while that of TPP be 4.38.5 The increased
basicity of 1 was attributed to the bending of the porphyrin nu-
cleus by the central methyl group, which leads to the localized
lone-pair electrons on the nitrogen atoms available for the hydro-
gen bonding with phenols. It is puzzling, however, that the basic-
ity of 1 is much weaker than simple amines (2-5), and yet the
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binding of phenols by 1 was tighter. One possible explanation
may be solvation or reorganization energy of the solvent. The
lone-pair electrons of simple amines are localized and subjected
to solvation, while the lone-pair electrons of 1 should be delocal-
ized and 1 can be polarized only when the phenol was bound to
1. This mechanism would reduce the solvation of the basic
recognition site of 1 to enhance the binding free energy.

In conclusion, we demonstrated that N-methylporphyrin acts
as a phenol receptor, where both hydrogen-bonding and CH/m
interactions played a significant role.
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