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ABSTRACT. A novel gamily of hexacyclic hopanoids, the benzohopanes 1 (C32—C35), has been
identigied in geological sounces by X-ray crystallography. These compounds must be formed
§rom bacterial 035 hopanoid precursons durning early stages of sedimentation.

Aromatisation is a widely occurring geochemical process which takes place at va-
rious stages of sedimentation in the subsurfacel. Several steps of this process have been
traced recently by defining the structure of steroid and terpenoid derived hydroaromatic
compounds in sediments and petroleumsz. In particular a series of pentacyclic hydroaromatic
hopanoids showing an increasing degree of aromatisation has been identified in this labora-
tory a few years ago3, but no higher condensed terpene related compounds have been detected
so far. We wish to report here the conclusive structural elucidation of benzohopanes 1, a
novel family of hexacyclic terpenoids related to the hopane series, extending from C32 to
C35, which occurs widely in sediments and petroleums.
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The aromat1c fractions of nineteen sediment extracts and petroleums of various ori-
gins and ages have been obtained by S102 chromatography as previously descr1bed Subsequent
analysis of these fractions by GC- MS indicated the presence of four often major peaks in the
high molecular weight range with molecular ions at m/z = 432, 446, 460 and 474. The mass
spectral fragmentation patterns of the four compounds were similar, suggesting a homologous
series based on a C32 skeleton bearing a side-chain of varying 1ength7. The four products
had the same base peak at m/z = 191, typical of a terpane moiety, likely to be of the hopane
types,since hopane triterpanes were major components of the alkane fractions of most samples.
Fragmentations at m/z = 211 + 14 n and 226 + 14 n (n = 0-3) confirmed the presence
of four additional degrees of unsaturation in the right hand moiety of the molecules as
compared with saturated hopanes. Furthermore the occurrence of two groups of peaks centered
around m/z = 144 + 14 n and 157 + 14 n, characteristic of indene fragments, suggested that
a benzene ring was condensed to the E ring of a hopane skeleton, a feature compatible with
a reorganisation of the side-chain of bacterial 035 hopanoid precursors, such as bacterioho-
pane tetrol 29 10

In order to obtain more accurate structural information we carried out further separation
of the aromatic fractions of one rock extract and one petroleum from Guatemala by high per-
formance liquid chromatography. Indeed,a sequence of three separations on RP 18, S1'02 and
again RP 18, using methanol, hexane and acetonitrile as respective eluents, yielded four
nearly pure compounds of wh1ch la, 1b and lc were crystalline (in milligram amounts from
25 g of starting petroleum) . 200 MHz NMR data confirmed the most likely postulated structu-
res 11 . They showed in particular the presence of one methyl group and three adjacent hydro-
gens on an aromatic ring in la, two equivalent adjacent aromatic protons in the other homo-
logs, as well as one further methyl group on a benzene ring in 1b, replaced by an ethyl and
an n-propyl substituent in 1lc and 1d.

Finally, monocrystals of the C32 and C33 components were obtained by careful re-
crystallisation from a mixture of methanol and methylene chloride (2/1). These crystals were
submitted to X-ray diffraction which definitely established the structure of these two pro-
ducts as the benzohopanes la and 1b, respectively 20,32-cyclo-17a(H)}-bishomohopane-20,22,31-
triene and 20,32-cyclo-32-methyl1-17a(H)-bishomohopane-20,22 31-£riene (figure 1). Both com-
pounds are orthorhombic, space group P 2 21, with Z = 4. The cell parameters are :

= 21.585(8), b = 15.538(6) and ¢ = 7. 726(5) R for la and 25.263(9),14.101(7) and 7.620(5) A
for 1b; 2690 reflections were measured for la on an automatic diffractometer, of which 2007
were observed (respectively 2229 and 1370 for 1b). The structures were solved by direct

methods13 and the atomic coordinates and the anisotropic thermal parameters were refined

to R = 0.036 and 0.085 respectively by block-diagonal least square refmement14

NMR and MS data of 1c and 1d can leave no doubt that these two compounds are higher
homologs of the same series bearing respectively an ethyl and an n-propyl substituent at
c-32.
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Benzohopanes have not been detected in living organisms so far. They must therefore
be considered as transformation products of hopanoid precursors which are widespread as 1i-
pidic membrane constituents of procaryotsg. A Tikely precursor would be the C35 bacterioho-
pane tetrol 2 which could lead to the benzohopane series via an acid catalysed dehydration
and cyclisation sequence, eventually followed by a degradation of the side-chain. That such
a process, perhaps mineral matrix influenced, must take place at early stages of maturation
is shown by the occurrence of benzohopanes in an immature Cretaceous black shale from the
Southern At]antics’ls. The benzylic 17-position has, however, already been isomerised, pre-
sumably during the cyclisation process, contrary to the hopane triterpanes and triterpene
acids which mostly have the 178(H) configuration typical of living organisms.

The benzohopanes seem to be ubiquitous in geological samples. but occur in higher
concentrations in confined carbonate environments, all features compatible with the wides-

pread occurrence of hopanoid precursors in microorganismsg.

Acknowledgment : We thank the Société Nationale E1f-Aquitaine (SNEA) for financial support
and supply of samples and Dr. J. Connan, SNEA(P), Pau, for his interest and helpful discus-
sions.

Figurne 1. Perspective drawings of structures la and 1b obtained §rom X-Ray
cuystallography. Ring D 48 in a preferred boat conformation.
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