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A new tetraphenylporphyrin derivative having two

pockets on both sides of the porphyrin ring plane, 5,10,15-
tri(2',6'-bis(pivaloyloxy)phenyl)-20-((2'-hydroxy-6'-pivaloyl-

oxy)phenyl)porphine, and its iron complex were synthesized.

The 1,2-dimethylimidazole binding to the iron(II) was enhanced

by the presence of a steric-hindrance reduced pocket. The

complex formed a stable dioxygen adduct in toluene at 25 °C.

Various porphyrins have been synthesized and studied in detail as

models for natural hemoproteins.1)

Reactivity of metalloporphyrins has

been controlled by preventing their dimerization process. For this pur-

pose, both faces hindered porphyrins are considered to be more effective

than single face hindered ones. For example,

porphinatoiron(II) gives a stable
dioxygen adduct against irrevers-

ible oxidation.?)

However, the
preparation is not easy and the
yield was very low. The present
authors have also synthesized the
tetraphenylporphyrin having eight
pivaloyloxy groups on both sides of
a porphyrin ring plane (bis-fenced
heme) and found that the iron(II)
complex can form a stable dioxygen
complex in toluene at 25°C.3)

Among these both faces hindered

porphyrins, one having two differ-

ent pockets for ligand binding is

interesting because ligands bound

a both faces hindered
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to iron can be distinguished and controlled by their bulkiness through the
steric interaction with bulky substituted groups. In this work, a both-
faces hindered porphyrin (1) and its iron complex (5,10,15-tri(2',6"'-bis-
(pivaloyloxy)phenyl)-20-{(2'-hydroxy-6"'-pivaloyloxy)phenyl)porphinatoiron,
2) was designed and synthesized. 1 and 2 have two pockets with different
cavity-size for axial ligand binding on the porphyrin ring plane. The
binding of imidazoles to the central iron(II) was studied in toluene at
ambient temperature to prove the effect of the two asymmetric pockets.

The synthetic route for the both-faces heterogeneously hindered
porphyrin and its iron complex is as follows. First, 5,10,15,20-tetra-(2"'-
,6'-bis(hydroxy)phenyl)porphinatoiron(III) bromide3) (0.36 g, 0.411 mmol)
and 4-(N,N-dimethylamino)pyridine (0.30 g, 2.91 mmol) were dissolved in dry
tetrahydrofuran (100 ml). To this pivaloyl chloride (0.30 ml, 2.47 mmol)
was added under argon atmosphere and the reaction mixture was stirred
for 1 h and then for 12 h at 60°. Solvents were removed by evaporation
and the residue dissolved in chloroform was washed with 4% NaHCO5 and
then water. The organic phase dried over Na,S0, was concentrated and the
residue was purified by column chromatography on silica gel eluted with
chloroform/methanol (100/1(v/v)) to give 2 (yield, 5.0%)).%) To 5,10,15,-
20—tetra(2',6'—di(hydroxy)phenyl)porphine3) (0.30 g, 0.404 mmol) (3) and
4-(N,N-dimethylamino)pyridine (0.36 g, 2.91 mmol) dissolved in tetra-
hydrofuran was added pivaloyl chloride (0.36 ml, 2.91 mmol) under argon
atmosphere and then the mixture was allowed to react at room temperature
for 1 h and then at 60 °C for 12 h. After removing solvent by an aspirator,
the residue was dissolved in chloroform, washed with 4% NaHCO5, water and
dried over Na,504. It was purified by column chromatography on silica gel
eluted by chloroform/diethyl ether (10/1(v/v)) to give 1 (yield, 9.2%).5)
The structures were confirmed by FAB MS, 1H NMR and IR spectral measure-
ments, TLC and elemental analyses.

2 dissolved in toluene was reduced to the corresponding Fe(II) deriva-
tive by stirring with an agueous solution containing an excess amount of
sodium dithionite under argon atmosphere at room temperature. The organic
phase was collected, dried over Na,50, and transferred into a UV/Vis cell.
To the solution was then added a imidazole ligand (1,2-dimethylimidazole
(1,2-Me,Im) or 1-methylimidazole (1-MeIm)). The base titration curves were
determined by measuring absorbance change with increasing a ligand concen-
tration at 435 nm for 1,2-Me,Im and 430 nm for 1-MeIm respectively and
were analyzed by the Drago's method6) and the Rougee and Brault's

FeP + B g FeP(B) Kg= [FeP(B)]/[FeP][B] (1)
FeP(B) + B T FeP(B), KgP= [FeP(B),]/[FeP(B)][B] (2)
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Table 1. Ligation Constants of Imidazoles to Various Porphinatoiron(II)

Complexes Having Fences on a Porphyrin Ring Plane in Toluene at 25 T

Heme Liganda) Amax/nm KB KgB  4ud) 4se)
dm3mol-1 dm3mol-1

Bis-fenced heme 1-MeIm 561,535,429 13 50

1,2-Me2Im 566,535,436 36 - -6.8 -16
2 1-MeIm 562,535,430 21 147

1,2-Me2Im 557,535,435 60 - -10.4 ~27
Picket fence hemeb) 1,2-Me2Im 562,535,439 3.7x104 -
TPP Fe(II)C) Imidazole 560,535 8.8x103 7.,9x104

2-MeIm 565,537,436 2.4x104 -

a)l-MeIm: 1-methylimidazole; 1,2-MeyIm: 1,2-dimethylimidazole; 2-Melm:
2-methylimidazole. b)From Ref. 8. c)From Ref. 7, solvent: benzene.
d)In kcal mol~1 unit. e)In cal mol_1deg_1 unit (1 J=4.184 cal).
method.’) It is clear from Table 1 that the ligation eqguilibrium
constants of the both faces-hindered porphinatoiron complexes (5,10,15,20-
tetra-(2',6'-bis(pivaloyloxy)phenyl)porphinatoiron(II) (bis-fenced heme3)
and 2) were much smaller than those of the single face-hindered one (picket
fence heme).a) This indicates the steric hindrance of the fence groups
(pivaloyl residues) on both sides of a porphyrin ring plane. On the other
hand, the ligation constants of 2 were larger than those of the bis-fenced
heme by a factor of 3. This suggests that the reduction of the steric
hindrance on one side of the bis-fenced porphyrin by substituting one
pivaloyl group by hydrogen forms a less sterically hindered pocket en-
hancing imidazole ligation to iron(II). The fact that the enthalpy change
for the 1,2-Me,Im ligation is larger in the 2 complex than in the bis-
fenced heme also supports this consideration. In the case of 1-MeIm liga-
tion, the increase of KBB is explained by the increase of m-back donation
to iron from the first imidazole ligand in the less hindered pocket.

The 2 complexes with 1-MeIm or 1,2-Me,Im gave dioxygen adducts in
toluene at 25°%. The absorption maxima were 546 and 422 nm for 1-MelIm
and 545 and 423 nm for 1,2-Me,Im, which are similar to those of the
pis-fenced heme3) and the picket fenced heme ,8) The half-life time of the
dioxygen adduct of 1-MeIm against irreversible oxidation was 25 h which
is similar to that of the bis-fenced heme (26 h). The dioxygen binding
affinity (the oxygen pressure at half-oxygenation of heme: PSO) was 503
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mmHg at 25 % for 1,2-Me,Im, of which value is smaller than that of the
bis-fenced heme (866 mmHg). The increase of oxygen affinity in the 2
complex could be explained by the reduction of the steric hindrance in the
imidazole-binding pocket, inducing better ligation of an imidazole to the
iron. The enthalpy change (4H: -13 kcal mol“l(-53 kJ mol'1)), which is
smaller than that of the bis-fenced heme (-9.3 kcal mol~'(-38 kJ mol~ 1)),
also supports the formation of a strong oxygen adduct of 2 with a
sterically reduced pocket.

Thus, the introduction of heterogeneously hindered pockets on a both-
faces hindered porphinatoiron resulted in the increase of affinity of
imidazole and dioxygen to the central iron in comparison with the porphyrin
having four pivaloyloxy groups in the both side of a porphyrin ring plane.
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