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Short Communication

Spontaneous nucleophilic addition of hydroxide ions to the meso-position
of high-valent antimony-oxo porphyrin complexes
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Abstract

Bimolecular reactions of the antimony(V) porphyrin complexes SbO(tpp)OH, 1 and SbO(oep)OH, 2 with tetra-n-butylammonium
hydroxide were investigated at 298 K in acetonitrile solution (tpp, dianion of 5,10,15,20-tetraphenylporphyrin and oep, dianion of
2,3,7,8,12,13,17,18-octaethylporphyrin). Spontaneous nucleophilic addition of hydroxide ions to the non-oxidized porphyrin macrocycle
leads to novel hydroxyphlorin derivatives, which contain a saturated meso-carbon bridge. While this process is a reversible equilibrium
reaction for the TPP derivative, the OEP complex undergoes subsequent demetallation and oxidative ring cleavage in the presence of
dioxygen. Possible implications for the competitive inhibition of heme-oxygenase by high-valent metalloporphyrin therapeutics are
discussed.  2001 Elsevier Science B.V. All rights reserved.

Keywords: Porphyrins; Metal oxo complexes; Enzyme inhibitors; Redox mechanisms; Heme model compounds

Regioselective functionalization of the porphyrin Due to their high-valent central metal, antimony(V)
periphery at the methine bridges (a- or meso-positions) of porphyrin complexes, quite similar to gold(III) porphyrins,
the macrocycle has attracted considerable attention [1–3]. are also expected to be very strong electrophiles. To
The impetus for many of these studies arises from the explore this possibility, the reactions of the compounds
occurrence of porphyrin derivatives with a saturated meso- SbO(tpp)OH, 1 and SbO(oep)OH, 2 with tetra-n-butylam-
carbon as byproducts of heme catabolism [4–6] and as
putative intermediates in the biosynthesis of tetrapyrrole
ligands [7–10]. Besides the main body of known elec-
trophilic substitutions on the porphyrin periphery, only a
few nucleophilic functionalizations have been reported so
far. For reactions of a conjugated molecule with nu-
cleophiles the lowest unoccupied molecular orbital
(LUMO) is the frontier orbital. Activation of the porphyrin
p-system toward nucleophilic attack can be achieved by
oxidation of the macrocyclic ligand or by insertion of a
central metal of high electronegativity, which reduces the
frontier orbital electron density at the ring periphery [1].
However, direct nucleophilic addition to the non-oxidized
porphyrin ring is still a very rare phenomenon in porphyrin
chemistry [11–14], and only one previous report on a
meso-hydroxylation reaction has appeared in the literature
[15]. In this latter case, gold(III) porphyrins had been
investigated and the study resulted in the first observation
of hydroxyphlorin derivatives (Chart 1).
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monium hydroxide as a nucleophilic agent were nucleophilic addition of hydroxide to the porphyrin meso-
1investigated (tpp, dianion of 5,10,15,20-tetraphenylpor- position, forming an antimony(V) complex of the oc-

phyrin; oep, dianion of 2,3,7,8,12,13,17,18-octaethylpor- taethyl-hydroxyphlorin ligand H (oepOH), 4 (Chart 1)3

phyrin). These neutral antimony(V) oxo complexes [16] according to the following stoichiometry, (Eq. (2)):
were generated in situ by axial deprotonation (Eq. (1)) of

2 2SbO(oep)OH 1 OH → [SbO(oepOH)OH] (2)the corresponding cationic dihydroxo precursors
1[Sb(por)(OH) ] with por5tpp or oep, which were syn-2

thesized and purified according to the reported procedures A similar reaction also occurred when N(Bu) OH was4

[17,18]: added to the tetraphenylporphyrin derivative 1 in acetoni-
trile solution. Under pseudo-first-order conditions with

1 2[Sb(por)(OH) ] 1 OH → SbO(por)OH 1 H O (1)2 2 large excess amounts of tetra-n-butylammonium hydroxide
25and 7.5310 M metalloporphyrin, the second-order rate

2Indeed, a high reactivity toward nucleophilic attack was constant for the reaction of 1 with OH ions was estimated
21 21 21also observed with the antimony(V) porphyrin compounds. as k5(8.460.1)310 M s (CH CN, 298 K, R53

When an excess of N(Bu) OH was added to a solution of 0.995). The final product (Fig. 2), which in analogy to the4

the octaethylporphyrin complex 2 in acetonitrile at room nucleophilic adduct of 2 is assigned as the antimony(V)
temperature, the color of the mixture continuously changed complex of tetraphenyl-hydroxyphlorin H (tppOH), 33

2from red to greenish brown. At the same time a bleaching (Chart 1), also displays a phlorin-type absorption spectrum
21 21of the metalloporphyrin B(Soret) and Q-band maxima at with bands at l 5392 nm (´527,500 M cm ), 413max

397, 530 and 570 nm was observed, while new absorptions (38,600), 449 (57,600), 719 (8900), and 792 nm (´5
21 21occurred with maxima at 302, 353, 439, 667 and 777 nm 17,600 M cm ). These spectral features are in good

(Fig. 1). agreement with the previously reported properties [15] of
These spectral changes with a broad new phlorin-type the gold(III) complex of 3, apart from the typical blue-shift

absorption [1,2] arising in the near-IR region are diagnos- generally observed with gold porphyrin derivatives, which
tic for an interruption of the conjugated p-electron system display hypso-type electronic spectra [19].
of the porphyrin ligand at one of the meso-positions. The It was found that the nucleophilic addition of hydroxide
occurrence of several isosbestic points (Fig. 1) indicates to the meso-carbon of the tetraphenylporphyrin ring of 1 is
that a clean and quantitative reaction takes place. In a reversible process, and that the equilibrium between
agreement with previous observations [15], the transforma- hydroxyphlorin and porphyrin is almost completely driven
tion of the absorption spectrum of 2 is ascribed to a back to the starting complex in the presence of acid. In

contrast, this is not the case with the octaethylporphyrin
derivative 2, which is irreversibly transformed into perma-
nent products upon standing for several hours in the
presence of N(Bu) OH and dioxygen. In a slow dark4

reaction the primary octaethyl-hydroxyphlorin complex
(Fig. 1) is converted into a mixture of several compounds,
as indicated by a shift and loss of the initial isosbestic
points. Obviously, the nature of the substituents R present
at the saturated meso-bridges of the hydroxyphlorin lig-

25Fig. 1. Spectral variations during the conversion of 1.5310 M
22SbO(oep)OH, 2 in the presence of 4.0310 M N(Bu) OH at (a) 0, 2, 6,4

10, 14, 18, 22 and (h) 30 min reaction times (CH CN, 298 K, 1-cm cell).3

1All experiments were carried out at 298 K in the dark in thermostatted
and teflon stoppered quartz cuvettes. A 40% aqueous solution of
N(Bu) OH (Fluka) diluted with spectrograde acetonitrile was used as a4

source of hydroxide ions. Increasing amounts of hydrochloric acid were
added to test the reversibility of the reactions. Optical absorption spectra
and kinetic data were measured with a Uvikon 860 double-beam
spectrophotometer. Fig. 2. Electronic absorption spectrum of the nucleophilic adduct ob-
2 26 22No reaction occurred when N(Bu) BF was added instead of the tained from the reaction of 5.8310 M SbO(tpp)OH, 1 and 4.03104 4

hydroxide. M N(Bu) OH in CH CN (1-cm cell).4 3
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3Besides the |300 mV lower oxidation potential of compound 2
compared to 1, a crucial property should be the driving force for an
elimination of the substituent R, allowing the formation of meso-hydroxy
porphyrin derivatives in an overall nucleophilic aromatic substitution
process.


