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0f the wide variety of triterpene familiss which occur in the
contemporary binsphere1, only a few, usually as the parent alkanes or dehydro-
genated derivatives, have been recognized among the organic compounds isolated
from geological sources, Thus olsanane and rearranged oleananes occur in crude
01152. 3~-dgsoxyallobetulin derivatives in a crude 0113 and in peats and brown
coals4, (17aH) hopans5 and gammaceranaB in Green River oil shale, isocarborinol
and the corresponding ketome in Messel oil shala7, (17aH) hopane and a rearran-
ged trisnorhopane in cruds oilsﬂ, and hopane ] and homochopane 5 in Messel
shaleg. These complex molecules can be useful in tracing the chemical reactions
which occur in the geological environment during the decay of biological organic
materials ; ultimately, after millions of years, these reactions lead to the
fossil energy sources such as coal, petroleum or natural gas.

We note that pentacyclic triterpenes of the hopane family
(027 - 035) are, in fact, important biological markers which are found in
almost every sample of sedimentary organic matter we have investigated to date.
Their ubiquitous occurrence, taken with the fact that they are often abundant
components of the organic extracts, implies previously unsuspected similari-
ties in their origin and in the processes leading to their formation.
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The hydrocarbon, ketone, alcohol and acid hopane derivatives
so far identified are shown in Table 1, together with some other hopane deri-
vatives whose structures are inferred from their glec-ms mass spectra and glc
retention times or in one case, glc-ms mass spectrum and uv spectrum, They
include members of the true hopane series (178H, 218H), the moretene series
(178H, 21aH) and the (17aH, 218H)~-hopane series., The latter series has not
yet been found in living organisms,

Dccurrences of these compounds are listed in Table 2, In most
cases the hopane derivatives are important, or even major, components in the
corresponding chromatographic fractions from the various samples ; for example,
acid 7 is the most abundant individual organic compound in the Messel shale
at a concentration of 100-150 ppm in the rock, In most cases, no derivative
of any other triterpane series is present in significant concentrations in
the same fractions, It is significant that the hopane derivatives are also
important constituents of very young sediments ; for example acid 7 is the
major free acid in Rostherne Mere and Grasmere bottom sediments, It is
reasonable to assume that these compounds are syngenetic (i,e, same age) with
the sediments. However, any sediment laid down may contain a proportion of
much older organic matter from erosion of pre-existing sedimentary formations.

The significance of the wide occurrence of derivatives of one
particular triterpene skeletal type is noteworthy, especially one not generally
considersd as being widespread in living organisms, We attach great importance
to the fact that the series extends up to the C35 compound, 29~-psntylhopane gg
because a closely related C35 skeleton has recently been proposed (but not
unambiguously proved) for bacteriohopane, a tetrahydroxy derivative of which

10

has been isolated from Acetobacter xylinum ~. 3-Desoxy ng and CSO hopene de-

rivatives are found in several contemporary organisms, eg: ferns11, mosses 2.
15

lichens13, several cyanophyceas14 and chemotrophic bacteria =, A C31 penta=-

cyclic triterpane of unknown structure has also been isolated in trace amounts

from a bacterium and 14C labelling studies with the same organism have confir-

med its ability to synthesise hopane derivatives16.

We postulate {and will attempt to verify) that the presence of
abundant hopane derivatives is a sign of the occurrence of active microbial
processes during sedimentation, and that their exact nature in a given sediment
reflects, in a decipherable manner, the conditions of sedimentation and geolo-
gical maturation, At this stage, we cannot conclude whether our results indi-
cate the general intervention of Acetobacter spp., or indicate the genseral
occurrence of hopane derivatives in the prevalent microorganisms of the sedi-
mentary environment, The total global amount of hopane derivatives in sedi=-
ments can now be conservatively estimated at 1C|a - 109 tonnes,

We thank ELF-ERAP, the Natural Environment Research Council
(GR/3/655), the National Aeronautics and Space Administration (subcontract
from NGL 05-003-003) and the Petroleum Research Fund (PRF-6350-AC2) for finan-

cial support,



No. 14 1351

Table 1, Hopane derivatives from geological sources*.
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Circled numbers: structures substantiated by glc-ms and glc (coinjection on
capillary columns) with authenticated synthesised samples, The other struc-
tures are tentative (glc-ms and UV), no direct comparison with authentic
samples,

xx Compounds gg—gg are often present as 8 mixture of 22 S and 22 R epimers,
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Table 2, Occurrence of hopane derivatives in sediments and crude oils,
Sample Age Origin Compounde identified
Esthwaite Water,Rostherne
Mere and Grasmere sedi- Recent (0-50 yrs) Lacustrine 2,4, x

ments (England)

Atlantic DOcean sediment

Recent ((106

yrs) Marins 6,7,8
(Mauritania)l =
Baltic sea sediments Recent (< 105 yrs) Marine 1—5,§.§.11,15,18~2@
Gulf of Mexico sediment Pleistocens (ﬂOB yrs) Marine 7%18
Yallourn lignite Miocene (25x106 yrs}) ‘Terrestrial 20,21
(Australia) . ===
7 .
Messel oil shaleg'1 Eocene (50x106 yrs) Lacustrine 1-8,10,11,14,16-20,
{Germany) R - 0 3
Bouxwiller shale (France) Eocane [50x106 yrs) Lacustrine 1-7,14,17
Ménat shale (France) Eocene [SDx1O6 yrs) Lecustrine 1-4
Stockstadt shale Eoceneg (50x108 yrs) Lacustrine 16,18-20
(Germany)
Green River pil shale Eocene (50x10° yrs) Lacustrine zg,lgs,gg
(U.S,A,.)
Gaboon shale Cretaceous(120x1DB] Marine 2,4,7,11-13,15,16,18-21
Atlantic Ocean sediment Cretaceous(140x106] Marine Zx18
(Bermuda)
Aquitaine basin sediments Cretaceous and Juras- Merine 11-13,16,18-24
(France} sic(150-200x106 yrs)
Mediano oil shale (Spain) Jurassic[180x108 yrs)} Marine 16,18-24
Lorraine coal (France) Carboniferous Terrestrial 11-1;,12,19,1§-g§
(275x108 yrs)
Crude oils from :
Aquitaine basin (France) Cretaceous andBJuras- Marine 11-1@,1§,19—gg
sic(150-200x10" yrs)
Nigeria, Lybia, Iran >25x108 yrs ' Marine 125
Kuwait, Texas
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