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A NOVEL SULFUR CONTAINING C35 HOPANOID IN SEDIMENTS.
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ABSTRACT.

A C35 pentacyclic triterpenoid of the hopane sernies containing a thiophene nring,
30-(2' -methylene thienyl)-178(H},218(H)-hopane 1,has been congimnmed in immature sediments
by synthesis, suggesting inconporation of bacterial sulfur into geological organic matten
at early stages of sedimentation.

Although sulfur often occurs in petroleums and sedimentary organic matter in high
concentration (up to 10% in some high sulfur crude oils),the problem of its origin and of
its stage of incorporation into the geological organic matter is still not e1uc1dated1'3.
With a few exceptions only relatively small or uninformative sulfur containing mole-
cules have been characterised until recently in petroleums or sediments4'8. More complex

molecules suspected earlier on the basis of mass spectrometry9

may be able to deliver bet-
ter information on the sulfurisation process of fossil organic matter, as illustrated re-
cently by the discovery of novel series of terpenoid sulfides and sulfoxides in the Atha-

basca oil sandslo.

We wish to report here the conclusive identification of a novel sulfur containing
Cy5 triterpenoid of the hopane series, 30-(2'-methylene thieny1)-178(H),218(H)-hopane 1, in
organic rich sediments of low maturity. This molecule bears a clear relationship with bac-
teriohopane tetrol 2, a widespread membrane constituent of procaryotesll, from which it
could be formed during diagenesis in the subsurface under the action of bacterial HZS‘
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The sediments analysed were two Cretaceous black shales from the Southern Atlantic,
collected in the Angola basin during the Deep Sea Drilling Project (leg 40). The organic
rich sediments were deposited during the early stages of the opening of the Atlantic Ocean
in a confined environment, favouring a good preservation of the organic matter12’13. Typi-
cally 15 g of powdered shale were extracted with chloroform and the extract was separated
by SiO2 chromatography as described previous]ylz. Analysis by coupled GC-MS14 showed that
the aromatic hydrocarbon fraction contained several compounds derived from hopanoids and
steroids, reflecting the bacterial and planktonic origin of the organic matterlz. One of
the major peaks in the high molecular weight range of this fraction showed a mass spectrum
compatible with structure 1 (figure 1)15. Indeed, this spectrum displayed a major peak at
m/z = 191 (fragment b) along with a fragmentation at m/z = 369 (fragment d), which are cha-
racteristic features of hopane triterpanesle. The base peak at m/z = 97 (fragment a) was ty-
pical of a thiophene moiety. Furthermore fragment b was inferior in intensity to fragment ¢
(m/z = 287), which is rather characteristic of the 178(H),218(H)-hopane series!’.

In order to establish this structural hypothesis we have synthesised compound 1
following the scheme described in figure 2. The starting material was homohop-30-ene 3,
which was prepared previously from hop-22(29)-ene (dip]optene)ls. The final product was a
mixture of two diastereomers at C-22 which were separable by high resolution gas chromato-
graphylg. The mass spectra of the two stereoisomers and that of the geological compound we-
re identical. Furthermore the natural product coeluted with the least volatile isomer on
two phases on capillary columns (25m x 0.25mm, SE 54 and QV 1701) ; it was therefore assumed
to be 22 R by analogy with related hopanoidszo’ZI.

No jsomerisation at C-22 was effective in these sediments, confirming their Tow

degree of thermal stresslz

. Although other sulfur compounds related to terpenoids seem to
be present, higher or lower homologues of 1 were not detectable. Stereoisomers of 1, presu-
mably at C-17 (fragment c much smaller than fragment b) and C-21 were detected, however,

along with 1, in a slightly more mature sediment from Tunisiazz.

As sulfur containing triterpenoids have rarely been reported in living organism523,
it is more reasonable to assume that the thienylhopane 1 has been formed by a diagenetic
process during early stages of sedimentation in the subsurface. A likely biological precur-
sor would be bacteriohopane tetrol 2, a surrogate of sterols in bacterial membrane524,
which bears the same carbon number as 1. This compound which has been reported in recent

21 and is a well recognised precursor of fossil hopanoidsll, could have undergone a cy-

muds
clisation reaction, perhaps mineral matrix catalysed, with HZS’ which is widely produced

in the subsurface by sulfate reducing bacteriazs. The latter must have indeed played an acti-
ve role in confined environments such as the black shales at their fime of deposition. This

hypothesis is now being checked by simulation experiments with model compounds.
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Figure 1. Mass spectrum of thienyfhopane 1 {70eV ; LKB 9000 S GC-MS).
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Figure 2. Synthesis of thienylhopane 1 as a mixture of diastereomers at C-27.
a : BH 0, ; b POC, CHCL, ;

feo

oy 5 NaOH, Hz

e MVLOZ, CHZCKZ H d : N2H4 ; KOH.
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