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OCCURRENCE OF 2-METHYL-, 3-METHYL- AND 6-METHYLTRIAROMATIC
STEROID HYDROCARBONS IN GEOLOGICAL SAMPLES.

E. LICHTFOUSE, J. RIOLO and P. ALBRECHT*

Département de Chimie, Université Louis Pasteur,
1, rue Blaise Pascal, 67008 Strasbourg, France.

Abstract: Triaromatic steroid hydrocarbons bearing a methyl substituent at position 2, 3, or 6 have been
identified in marine sediments and petroleums from the Paris basin by comparison with C21 (1, 2, 3), C27 (4)
and C2g (5) synthetic standards. Due to their formation with depth they are useful for maturity studies.

Molecular organic geochemistry has been increasingly used to understand the origin and
transformation of organic matter in the subsurface. Petroleums and rock extracts contain a wide variety of
molecules, called "biological markers", the structures of which suggest a link with biological substances.
Sedimentary steroids? are inherited from sterols of fiving organisms at the time of deposition. Their structural
variety (i.e. steranes, sterenes, aromatic steroid hydrocarbons) gives evidence for geochemical
transformations undergone by their precursors due to factors such as microbial alteration, time, temperature
and mineral catalysis.
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The 4-methyl steroid derivatives found in ancient sediments and crude oils2.3 have for a long time been
the only steroids bearing an extra methyt group on their skeleton which have been identified in geological
samples. They are presumably molecular fossils of 4c-methyisterols occurring in widespread microscopic
algae, the dinoflagellates4. However, steranes with an additional methyl group at position 2a or 3 have
recently been shown to occur in sediments of various geological ages5. We would now like to report the
identification by synthesis of novel 2-methyl-, 3-methyl- and 6-methyltriaromatic steroids in marine shales and
petroleums from the Paris basin.

The geological samples studied belong to the marine Jurassic formation (200 x 106 years) of the Paris
basin and are located at depths varying between 810 m and 2700 m. Enriched triaromatic hydrocarbon
fractions of sediment extracts and crude oils were separated by thin layer chromatography (SiO2, hexane),
based on the retention time of references (1-ethylnaphtalene, 1-methylphenanthrene, 1,2:5,6-
dibenzanthracene). Methyltriaromatic steroids are usually present in small amounts and require for their
analysis the use of computerized gas chromatography-mass spectrometry (GC-MS) monitoring of the highly
specific m/z = 245 fragment ion which corresponds to the facile cleavage of the side chain at a benzylic
position. The m/z = 245 fragmentogram indeed showed that these samples contained, in addition to
previously identified 4-methyl components8.7 (C21, C22, C27-C29 homologues essentially), several other
isomers bearing a methyl group at a different position. The relative concentration of these isomers increased
in more mature samples, implying their possible use as maturity parameters for geochemical studies. By
analogy with changes previously observed in the phenanthrene series8 the most likely substitution positions
appeared to be 2, 3 or 6.
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Scheme 1. Reaction sequences used for the synthesis of triaromatic steroid hydrocarbons 1,
2 and 3. a: Wolff-Kishner; b: MCPBA; ¢ : MeMgl; d: Jones; e: pTsOH; f: LiAlH4; g: phenanthrene-
quinone; h: chloranil; i: H2, Pd/C; j: Oppenauer; k: (iPr-, cyclohexyl-)NLi, Mel, KOH; I: MeLi.
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1,2 and 3 (C21) were synthesized based on a pathway previously described for the preparation of
demethylated triaromatic steroids6.9, starting from pregnenoclone 6 (scheme 1) ; 4 and 5 were obtained by
similar pathways as 2 starting from cholesterol and stigmast-5-en-3p-ol respectively. Their detailed synthesis
will be described elsewhere. Unambiguous structural assignments of intermediates were performed by
extensive NMR experiments. The following NMR (200 MHz, CDCl3, § ppm, J Hz) and mass spectral (El, 70 eV)
data were obtained:

1:NMR:0.86 (t, J = 7.4, 3H, 21-CHa); 1.34 (s, 3H, 18-CHy); 1.55-1.83 (m, 2H, 20-CHg); 1.90-2.30 (m, 2H, 16-
CHp); 2.62 (s, 3H, CH3 on C-2); 3.26 {t, J = 7.1-7.5, 2H, 15-CHy); 7.39 (dd, J3.4 = 8.1, J = 1.5, 1H, H-3); 7.41 (d,
J=8.5, 1H, H-12); 7,68 (d; J = 9.7, 1H, H-6 or H-7); 7.73 (d, J = 9.5, 1H, H-7 or H-6); 7,77 (d, J = 8.2, 1H, H-4);
8.46 (s, 1H, H-1); 8.56 (d, J = 8.5, 1H, H-11). MS : m/z = 274 (M*, 20 %), 259 (M* - CHg, § %), 245 (M+ - C2Hs,
100 %), 230 (12 %), 229 (13 %), 215 (13 %), 115 (7 %), 101 (4 %).

2:NMR : 0.87 (t, J = 7.4, 3H, 21-CHa); 1.34 (s, 3H, 18-CHa); 1.60-1.80 (m, 2H, 20-CHz); 1.90-2.40 (m, 2H, 16-
CHa); 2.56 (s, 3H, CHa on C-3); 3.27 (1, J = 7.3, 2H, 15-CHg); 7.42 (d, J = 8.4, 1H, H-12); 7.46 (dd, J1.2 = 8.2, J
= 1.6, 1H, H-2); 7.66 (s, 1H, H4); 7.69 (d, J = 9.0, 1H, H-6 or H-7); 7.75 (d, J = 9.1, 1H, H-7 or H-6); 8.54 (d, J =
8.4, 1H, H-11); 8.57 (d, J = 8.5, 1H, H-1). MS : m/z = 274 (M*, 20 %), 259 (M* - CHg, 4 %), 245 (M* - C2Hs,
100 %), 230 (12 %), 229 (17 %), 215 (16 %), 115 (7 %), 101 (4 %).

3 :NMR : 0.86 (1, J = 7.4, 3H, 21-CHg); 1.44 (s, 3H, 18-CHg); 1.55-1.85 (m, 2H, 20-CHy); 1.90-2.30 (m, 2H, 16-
CHa); 2.76 (s, 3H, CH3 on C-8); 3.25 (t, J = 7.3, 2H, 15-CHg); 7.37 (d, J = 8.5, 1H, H-12); 7.60 (s, 1H, H-7);
7.55-7.69 (M, 2H, H-2 and H-3); 8.00-8.08 (m, 1H, H-4); 8.54 (d, J = 8.4, 1H, H-11); 8.68-8.74 (m, 1H, H-1). MS
: M/z = 274 (M* 20 %), 259 (M* - CHa, 5 %), 245 (M* - C2Hs, 100 %), 230 (12 %), 229 (13 %), 215 (13 %),
115 (7 %), 101 (4 %).

4:NMR:0.75 (d, J = 6.7, 3H, 21-CHa); 0.88 (d, J = 6.5, 6H, 26-CHz and 27-CHg); 1.34 (s, 3H, 18-CHa); 1.70-
2.40 (m, 2H, 16-CHp); 2.56 (s, 3H, CHa on C-3); 3.26 (t, J = 7.4, 2H, 15-CHz); 7.41 (d, J = 8.6, 1H, H-12); 7.46
(dd, J12 = 89, J = 1.5, 1H, H-2); 7.66 (s, 1H, H-4); 7.68 (d, J = 8.6, 1H, H-6 or H-7); 7.74 (d, J = 9.2, 1H, H-7 or
H-6); 8.52 (d, J = 8.3, 1H, H-11); 8.57 (d, J = 8.4, 1H, H-1). MS : vz = 358 (M*: 4 %), 245 (M* - CgH17, 100
%), 230 (7 %), 229 (6 %), 215 (7 %), 57 (2 %), 43 (5 %).

5:NMR :0.72 (d, J = 6.7, 3H, 21-CHg); 0.814 (d, J = 6.7, 3H, 26-CHg3 or 27-CHy); 0.847 (d, J = 6.7, 3H, 26-
CHj3 or 27-CHg); 0.847 (t, J = 7.3, 3H, 29-CHa); 1.33 (s, 3H, 18-CHa); 1.70-2.40 (m, 2H, 16-CHz); 2.54 (s, 3H,
CHa on C-3); 3.24 (t, J = 7.4, 2H, 15-CHp); 7.39 (d, J = 8.6, 1H, H-12); 7.41-7,47 (m, 1H, H-2); 7.64 (s, 1H, H-4);
7.66 (d, J = 8.6, 1H, H-6 or H-7); 7.72 (d, J = 9.2, 1H, H-7 or H-6); 8.50 (d, J = 8.3, 1H, H-11); 8.55 (d, J = 8.4,
1H, H-1). MS : m/z = 286 (M+: 4 %), 245 (M* - C1oH21, 100 %), 230 (7 %), 229 (5 %), 43 (5 %).

Compounds 1-5 were identified in HPLC fractions (RP-18, methanol) from geological samples by the
following criteria : comparison of mass spectra and coelution, in single ion mass fragmentometry (m/z = 245),
on two or three phases of various polarity in capillary column GC-MS (SE 30, DB 17, DB WAX). On DB 17 the
elution order of the C21 compounds was 1, 2, 3 ; 2-methyl , 3-methyl and 6-methyltriaromatic steroids (1, 2, 3,
4, 5) elute before their 4-methyl and 1-methyl isomers. On SE 30 compounds 1 and 2 nearly coeiute. The
configuration at C-24 of the C2g and C2g geological homologues remains undetermined since the two
diastereoisomers cannot be separated under typical gas chromatographic conditions.
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Several hypotheses can be formulated in order to explain the origin and formation of these novel
triaromatic steroid hydrocarbons in the subsurface. One interesting point of information is that the relative
concentrations of the 2-methyl and 3-methyl isomers increase with depth as compared with their 4-methyl
counterparts. It is therefore likely that they could derive from the latter by a methy! shift leading to the more
stable 2-methyl and 3-methyl components. This abundance change would be expected and is similar to
observations made in the methylphenanthrene series8. The implied rearrangement could be catalysed by
acid sites in the sediment matrix, in particular those occurring in clay minerals. On the other hand, one cannot
exclude that the 2-methyl- and 3-methyltriaromatic steroids may arise from the same precursors as the
recently characterized 2a- and 3f-methyisteranes5, and could become concentrated in more mature
geological samples due to the preferential degradation of the less stable 4-methyl isomers.

6-methyltriaromatic steroids could also be formed by rearrangement of their 4-methyl counterparts (they
would be expected to have a similar stability since they show almost identical periplanar interactions)
although this process would be energetically less favoured than that above. Alternatively, and more likely,
they could arise during the further aromatization of rearranged ring C monoaromatic steroid hydrocarbons10
by a methy! shift from C-5 to C-6. Finally, their origin from uncommon 6-methyl ring B monoaromatic sterols
recently observed in a soil amoeba!l cannot be excluded.

Whatever the origin and mode of formation of these new compounds, our studies on the sedimentary
series of the Paris basin have shown that they can be useful as molecular maturity parameters for
geochemical purposes.
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