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ABSTRACT
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Serratenediol
(higher plant triterpenoid)

The polyaromatic hydrocarbon 4,4  '-dimethyldinaphtho[ a,d]cycloheptane (1a) has been identified by NMR studies after isolation from an Oligocene
sediment. The original symmetrical structure of 1a, which bears a central seven-membered ring, is closely related to higher plant triterpenoid
precursor(s) of the serratane series and is believed to have been formed in the subsurface by a microbially mediated aromatization process.

The chemical structures of molecular fossils (or biomarkers) ment!24The structures of many biomarkers were determined
occurring in sediments or crude oils are often specific enough over the last 30 years, and among them, those related to
to establish a correlation with the functionalized molecules higher plant triterpenoids have been shown to represent useful
they derive from. The latter can be characteristic of the markers of terrigenous (as opposed to marine) organic matter
different living organisms which contributed to the sedi- in geological samples.

mentary organic matter and are thus frequently used as source In the course of a palaeoenvironmental reconstruction
indicators! In addition, the precise structural characterization study of Oligocene sediments (ca30 million years) from

of molecular fossils gives clues to the pathways involved in the Rhine valley (France), GC—MS analysis of the biom-
the conversion of biolipids into geolipids in the subsurf&ce.
Hence, biomarkers are chemical tools Widely used in (3) Seifert, W. K.; Moldowan, J. MGeochim. Cosmochim. Acfi78,

. . 42, 77-95.
petroleum exploratioft3or for palaeoenvironmental assess- () (a) Schaeffer, P.; Ocampo, R.; Callot, H. J.; Albrechty&ure1993
364, 133—136. (b) Kohnen, M. E. L.; Sinninghe Damsté, J. S.; de Leeuw,
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Guide, 2nd ed.; Cambridge University Press: Cambridge, 2005; and S. Science2001,293, 92-94.
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arkers from a series of samples deposited under fluvial/de!taicj EGcGcTcTNTNGNEEEEEE

conditions and dominated by continental material revealed

the presence of numerous higher plant triterpene derivatives axis of symmetry axis of symmetry
of the lupane and amyrin series, together with an unknown 2 : 2 W
compound which occurred among the predominant aromatic
hydrocarbons in some of these samples. We report here on
the characterization of this biomarkela), which was
isolated and identified by means of structural NMR studies. '

The mass spectrum of the hydrocarbba’ exhibits a

molecular ion at M* 322 corresponding to the formula Figure 1. Plausible structures proposed on the basis of théH.D
CusH2z, and the presence of an intense fragmemh&t180 and**C NMR spectra.
(M — 142) was interpreted as the result of the loss of a
methyl naphthalene moiety. However, no other structural
information could be deduced from the fragmentation pattern
observed in mass spectrometry.

Consequently, NMR studies, including 1D homonuclear
(*H and*3C), 2D homonuclear'd—!H: COSY and NOE-
SY), and 2D heteronucleat—*3C: HSQC and HMBC)
correlation experiments, were performed on the isolated
compound for further characterization. The interpretation of
the NMR data was significantly simplified given the
conspicuous symmetry of the molecule, as evidenced by the
presence of only 13 signals corresponding to 13 carbon atoms
in the 1D 3C spectrum and of only eight signals in thé
spectrum. The presence of 10 aromatic protons, two benzylic
methyl groups, three methylenes on quaternary carbons, and
10 quaternary carbons was deduced from ‘Heand *°C
spectrum and from the DEPT experiment.

The complete carbon sequence of the hydrocarbon skeletorFigure 2. NOEs observed for compourid.
of the isolated hydrocarbon bearing four aromatic rings and
a seven-membered ring C was completely established from
the long-rangéH—13C experiment33Jey), and all the proton The hydrocarbon skeleton of compoutel which contains

and carbon chemical shifts were assigned (Table 1). How- & rather uncommon seven-membered ring C, is related to
higher plant triterpenoids of the serratane series, like, for

_ example, serratenedigl(Figure 3). Since the identification

Table 1. *H and3C NMR Chemical Shift Data of Compound of the latter® numerous studies were cgrried out on'this group

1a (Bruker ARX 500: in CBCly) P of t_rlterpen0|ds, and several derlvatlves_belonglng to this
’ series of compounds were isolated from different land plants

served, allowing discrimination between the two structures
proposed above (cf. Figure 1) and unambiguous establish-
ment that the aromatic hydrocarbon corresponds to com-
poundla.

C no. 0 13C (ppm) 6 'H (ppm) J (Hz) such as ferns, club moss, and sprlide.is, however,
11 121.80 8.00 d: 9.0 noteworthy that serratane derivatives are only seldom
2/2' 126.06° 7.37 dd; 9.0; 7.0 reported to occur in angiosperms. In the Oligocene sedi-
3/3' 126.08¢ 7.25 d; 6.5 mentary series investigated, higher plant triterpenoids indica-
4/4' 135.31 tive of angiosperm contributions are generaly predominant.
5/5' 132.35
6/6' 122.76 7.81 d; 85 (6) A crushed sediment (ca. 3300 g) was extracted by stirring 4C40
T 128.30 7.44 d; 8.5 with acetone (1000 mLx 2) and with a mixture of ChCl,/CHz;OH (1:1
8/8' 137.10 v/v; 1000 mL, x 2). The organic extracts were combined and the solvents
9/9' 134.85 removed under reduced pressure, yielding ca. 720 mg of solvent extract,

. ’ the nonpolar hydrocarbons of which being recovered by gross liquid
10/10 132.87 fractionation on silica gel eluting with a mixture of GEl,/hexane 1:1 v/v.
11/11' 27.95 3.72 The latter fraction was refractionated on silica gel eluting with an increasing
12 42.12 4.50 proportion of CHCI; in hexane (from 0% to 20%). One of the most polar
13/13' 19.96 265 fractions recovered was shown by GC to contédamas a predominant

: ’ hydrocarbon which was subsequently isolated by reversed-phase HPLC

a Assignments interchangeable. (Zorbax ODS, 250 mm by 9.4 mm;&m; CHsOH/acetone 7:3 v/v; 5 mL

min-1), affording ca. 2 mg of purda (>90% by GC).

(7) MS data forla (EI, 70 eV): 322 (M, 100), 307 (77), 292 (50), 180
(43), 165 (17), 146 (13).
ever, an ambiguity remained concerning the central connec-__(8) Inubushi, Y.; Sano, T.; Tsuda, Yetrahedron Lett1964 21, 1303-

tion linking the two diaromatic moieties, and both structures ~ (g) (a) Tsuda, Y.; Fujimoto, T.; Kimpara, KChem. Pharm. Bull1975,

laand1lb (Figure 1) could be envisaged. 23, 1290—1299. (b) Ageta, H.; Shiojima K.; Masuda, ®em. Pharm.

. Bull. 1982 30, 2272-2274. (c) Tanaka, R.; Mun, C.; Usami, Y.; Matsunaga,
Finally, the presence of nuclear Overhauser effects (NOES) Phytochemistryl994,35, 1517—1522. (d) Tanaka, R.: Tsujimoto, K..

between H-7/Ch12 and H-1/CH-11 (Figure 2) was ob-  Muraoka, O.; Matsunaga, ®hytochemistry1 998,47, 839—843.
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Figure 3. Aromatization pathway undergone by higher plant triterpenoids in the subsurface. Key: (i) aromatization of ring A triggered by
the presence of a functional group at C-3; (ii) progression of the aromatization from ring A to ring D; (iii) aromatization of ring A and ring
E triggered by the presence of functional groups at C-3 and C-21; (iv) progression of the aromatization from ring A to ring B and from ring
E to ring D.

In contrast, when the serratane derivatieeis present, it partial structure of rings A and E from serratenedois
usually occurs as a major compound whereas angiospermidentical to that of ring A from most of the functionalized
biomarkers are almost absent. This suggests that drastic florahigher plant triterpenoids like, for examplg:amyrin 3
changes occurred, possibly triggered either by environmental(Figure 3), the oxygenated functionalities would induce the
changes or by climatic variations. biologically mediated aromatization which would start at
The formation of the polyaromatic hydrocarbia from each end of the molecule (i.e., inrings A and E) and progress
a parent molecule lik& (or from other related functionalized to ring B and D. The presence of the seven-membered ring
triterpenoids of the serratane series) involves an aromatization(ring C) would prevent complete aromatization, leading to
process and implies the loss of several methyl groups. Thiscompoundla as the end-product.
pathway fits into the scheme of the most important geochem-  Derivatives related to the serratane series are almost
ical transformations undergone by higher plant triterpenoids unknown in the sedimentary record. The fact that compound
in the subsurfac® In a general way, such a process either 1a occurrs among the predominant aromatic hydrocarbons
starts with the loss of ring A, followed by aromatization from in the sediments investigated in the present study likely
ring B to ring D21 or aromatization starts directly in the indicates that a specific higher plant precursor, which remains
ring A, triggered by the presence of an oxygenated func- to be identified, was thriving in the catchment area of the
tionality at C-3, and proceeds gradually toward ring D where sediments. The significance of the presence of compound
it usually stops? The latter process leads to the formation 1ain terms of paleoecology remains to be determined, but
of mono- and polyaromatic hydrocarbons, as illustrated in it may have implications for palaeobotanical and/or paleo-
Figure 3 in the case gf-amyrin 3. The presence of an climatic studies.

endocyclic double bond, which is a common feature in the  ©on a structural point of view, dinaphtrayfijcycloheptane
case of numerous higher plant triterpenoids, is thought to gerivatives have never been observed as natural products,
favor this diagenetic pathway. nor prepared by synthesis. Quite a few functionalized dibenzo

Aromatization reactions have been shown to occur at the counterparts have, however, been synthesized as they display
earliest stages of diagenédiand to be microbially medi-  various pharmacological activitié$. Furthermore, these
ated'® The formation of a compound with the structure of highly flexible structures have also been studied for their
lawould be in excellent agreement with such a transforma- conformational aspect8ln this respect, further NMR studies
tion pathway. Indeed, compouric could originate from a  will be carried out on compountia in order to investigate
parent molecule like serratenedidl(Figure 3), which is  the effect of the two naphthalene subunits on the central
functionalized at both C-3 and C-21 positions. Since the seven-membered ring system.

R (1%_(:;_\) Sptylcg%eg%g_-j Gcrﬁiner, RA-: Algrecht,;?-:3033ri550[11-fclﬁihem- Acknowledgment. We thank E. Motsch and P. Wehrung
R_esé_. ,'f,'i'tperS'nR_ A.Geochim. Cg?,ﬁocﬁ%_ Xr:gm’ 43 '1&3)7}1231@’ (Université Louis Pasteur, Strasbourg) for mass spectral

(11) Trendel, J. M.; Lohmann, F.; Kintzinger, J. P.; Albrecht, P.; Chiaroni, analyses, R. Graff (Université Louis Pasteur, Strasbourg) for
A.; Riche, C.; Cesario, M.; Guilhem, J.; PascardT@trahedronl 989,45,

4457—4470.
(12) Wolff, G. A,; Trendel, J. M.; Albrecht, PTetrahedron1989, 45, (14) (a) Romeiro, G. A.; Martins, P. R. Gleterocycl. Commur001,
6721—-6728. 7,227-232. (b) Shein K.; Smith, S. Br. J. Pharmacal1978,62, 567—
(13) (a) Lohmann, F. Ph.D. Thesis, University Louis Pasteur, Strasbourg, 571.
France, 1988. (b) Lohmann, F.; Trendel, J. M.; Hetru, C.; Albrechd. P. (15) Weissensteiner, W.; Hofer, O.; Wagner, U.JGOrg. Chem1988,
Labelled Compd. Radl990,28, 377—386. 53, 3988—3996.

Org. Lett, Vol. 7, No. 14, 2005 3043



NMR measurements, and Dr. P. Adam for helpful discus- HSQC and HMBC spectra). This material is available free
sions. of charge via the Internet at http://pubs.acs.org.

Supporting Information Available: NMR data ¢H and
13C spectra;!H—'H COSY and NOESY spectraH—13C 0OL0509944

3044 Org. Lett, Vol. 7, No. 14, 2005



