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Origins and significance of benzoporphyrins in sediments

Shinya NoMoTo*, Gen KUMAGAI* and Kenta ASAHINA*
* Department of Chemistry, University of Tsukuba, Tsukuba 305-8571

Benzoporphyrins have been found as minor components of sedimentary porphyrins. They
are evidently diagenetic products, and several hypotheses have been proposed to account for
their origins. The present review is mainly concerned with the formation mechanism of sedi-
mentary benzoporphyrins, since it is important for assessing significance of geomolecules to re-
late diagenetic products to the original structures of biomolecules on the basis of chemistry.

The Diels-Alder hypothesis proposes [2+4] cycloaddition of natural dienophiles with a
methylvinylpyrrole moiety of divinylchlorophyll ¢ and subsequent aromatization of the result-
ing cyclohexene ring, which can occur at the early stage of diagenesis. The reaction of vinylpyr-
role moieties of vinylporphyrins was confirmed by heating experiments to generate a benzopyr-
role structure without considering the intervention of any other reactant compounds. Another
experimental evidence was given in support of diagenetic transformation of alkylporphyrins
into benzoporphyrins. The heating experiments using etioporphyrin afforded phthalimides, af-
ter oxidation of the heating products. The compositions of phthalimide homologs and isomers of
methyl- and dimethylphthalimides obtained in the experiments were shown to be in accord with
those in the natural sediments, indicating the possibility of diagenetic transformation of geopor-
phyrins into benzoporphyrins in mature stratigraphic zones.

Key words: sedimentary porphyrin, benzoporphyrin, phthalimides, maleimides, chromic acid
oxidation
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Fig.1 Structures of sedimentary porphyrins,
chlorophyll, and heme.

O;:
o
o]

N N~ O

H H

6 7
Phthalimide 3-Methylphthalimide

Fig. 2 Phthalimide and 3-methylphthalimide ob-
tained by chromic acid oxidation of a rhode-
type porphyrin fraction (Barwise and
Whitehead, 1980).
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Fig.3 Benzoporphyrin formation via Diels-Alder cycloaddition proposed by
Baker and Palmer (1978) and structure of ubiquinone.
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Fig.4 Structures of chlorophylls proposed for benzoporphyrin precursors
(Baker and Palmer, 1978; Quirke et al., 1990).
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Fig. 5 Proposed mechanism of benzoporphyrin for-
mation via cyclization of side chains on the
D-ring of chlorophylls (Clezy and Mirza,
1982).
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Fig. 6 Proposed mechanism of benzoporphyrin for-
mation via Dieckmann condensation (Clezy
and Mirza, 1982).
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Fig. 8 Proposed mechanism of benzoporphyrin formation via conjugate
addition of a nucleophile to chlorophyll b using acetone as an ex-
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Fig. 9 Mass fragmentograms of chromic acid oxidation products of
protoporphyrin heated at 350°C for 12 h (a, Kozono et al.,
2002) and at 300°C for 15 h (b, Nomoto et al., unpublished
data).
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Fig. 10 Benzoporphyrin formation via Diels-Alder cycloaddition proposed
by Kozono et al. (2002).
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Fig.11 Mass fragmentograms of chromic acid oxidation products of
etioporphyrin heated at 400°C for 12 h (Nomoto et al., 2008).

1
Etioporphyrin
08 @ 300°C
i W 350°C
+ 0.6 S— . ol +:400 °C
- ammunnwen® mmmE o
E .&_."u.--- . 450 C ‘
T 04N | Octaethylporphyrin
A : A v d=:400 °C
[« »f 3
02 SN UFPRRRIERRLILLL | | Octamethylporphyrin
® = - &>+:400 °C
0 O o * & o o o
0 10 20 30 40 50 100 200 300 400

Heating time / hr

Fig. 12 Time-course plots of phthalimides formation in heating experiments of etio-,
octaethyl-, and octamethylporphyrins (Nomoto et al., 2008). Mis and Pis represent
all the maleimides and phthalimides shown in Fig. 11, respectively.
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Fig. 13 Plots of the molar fractions of phthalimide
homologs formed from heated etioporphy-
rin after chromic acid oxidation against the
demethylation index (16/(16 + 17)) (Nomoto
et al., 2008).
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Plots of the molar fractions of dimeth-
ylphthalimide isomers formed from heated
etioporphyrin after chromic acid oxidation
against the demethylation index (16/(16 +
17)) Nomoto et al., 2008).
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Fig. 15 Ratio of phthalimides (Pis; phthalimide, 3-
and 4-methylphthalimide) to maleimides
(Mis; 2-methyl-, 2,3-dimethyl-, and 2-ethyl-
3-methylmaleimide) vs. depth in the sedi-
mentary sequence in the Shinjo region

(Kozono et al., 2001).
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Fig. 16 Ratio of phthalimides (Pis; all the phtha-
limides shown in Fig.11) to maleimides
(Mis; all the maleimides shown in Fig. 11)
vs. depth in the sedimentary sequence in
the Rumoi region of northeastern Hok-
kaido (Nomoto et al., unpublished data).
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Fig. 17 Plots of the molar fractions of phthalimide
homologs extracted from the sedimentary
sequence in the Rumoi region of northeast-
ern Hokkaido against the demethylation
index (16/(16 + 17)) (Nomoto et al., 2008).
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Fig. 18 Plots of the molar fractions of dimeth-
ylphthalimide isomers extracted from the
sedimentary sequence in the Rumoi region
of northeastern Hokkaido against the de-
methylation index (16/(16 + 17)) (Nomoto et
al., 2008).
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