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A series of novel tricyclic terpenoid carboxylic acids were isolated from several Alberta oil sand deposits; their
structures and those of a related series of tricyclic terpenoid alkanes were elucidated via an unambiguous

synthesis from manool.

Recently, there has been a surge of interest in the structures,-2
distribution,®* and source® material of tricyclic terpene hydro-
carbons, which are present in many petroleums and sediments.
These compounds, which range from Cy, to Cyy,® are usually
identified by their characteristic m/z 191 fragment peak® using
capillary g.c.-mass spectrometry (g.c.-m.s.).” The most
abundant member (Cy,) has been assigned the structure 18,19-
dinor-138H,14aH-cheilanthane.® Their biological origin is not
well understood, but probably involves the cyclization®? of a
regular hexaprenoid,® its 2,3-oxide, or its 1-0l.2

These terpene hydrocarbons have already been used in oil-
source rock and oil-oil correlations,! although their detailed
structures were not known. In order to be useful as thermal

N m/z 261

maturity indicators one must determine the origin of these com-
pounds.’! One likely geochemical precursor for the tricyclic
alkanes could be the corresponding tricyclic carboxylic acids,!?
some of which had been found prior to this study but not
fully characterized.*®

The carboxylic acids were obtained as their methyl esters
by the basic hydrolysis, extraction, and then diazomethane
methylation of a sample of bitumen from the Athabasca oil
sand deposit!* of Alberta. Capillary g.c.-m.s. analysis of the
crude ester mixture indicated that at least four tricyclic methyl
esters were present : Cyg, Cyy, and a pair of C,, diastereoisomers.
A concentrate of the esters was obtained by column chroma-
tography on silica gel, then alumina, to obtain a mixture of
saturated monocarboxylic methyl esters, followed by Sephadex
LH-20 to remove the material outside the molecular weight
range of interest, and finally reversed-phase C,5 bonded silica
gel to remove the unresolved complex mixture. Capillary
g.c—m.s. of the tricyclic ester concentrate revealed that the
major series consisted of C,y, Cy;, Cye, Cyy, diastereoisomeric
Cas, Cys, and Cy esters. The C,; and the pair of C,, diastereo-
isomeric esters comprised about 759 of the series.
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Scheme 1. (i) H,Cr,0,, H,0, H,SO,, toluene, AcOH, (ref. 16)
80% (3), E: Z = 2.5:1; (ii) MnO,, NaCN, MeOH, (ref. 17) 959,
(4); (iii)) HCO,H, 100 °C, (ref. 18), 1 h, 69% (5); (iv) 5% Pd-C,
pentane, H, (1 atm), (ref. 19) 64% (6), 36% (7); (v) LiAlH,,
tetrahydrofuran, 66 °C, S h, 759, conversion; (vi) MeSO,ClI,
pyridine, 0 to 22 "C, 3 h, 839, conversion; (vii) Nal, Zn, hexa-
methylphosphoric triamide (ref. 20), 100 °C, 1 h, 889, conversion,
(8):(1) = 95:5; (viii) 59 Pd-C, pentane, H, (1 atm), 929, (1), 8%
9). .
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A portion of the crude ester mixture was reduced to an
alcohol mixture (LiAlH,, tetrahydrofuran, heat, S h, Ny). The
methanesulphonates of these alcohols were reduced to the
alkanes or monodeuterioalkanes with LiAlH, or LiAlD,,
respectively. The terpenoid alkanes were then concentrated
from the unresolved complex mixture in one step.r® The C,, to
C, tricyclic alkanes thus obtained and the corresponding
native tricyclic alkanes, isolated from the saturate fraction of
the bitumen, were identical, as demonstrated by their co-
elution on capillary g.c. (SE-30 and Superox-4) and by their
very similar mass spectral fragmentation patterns. The mass
spectra of the deuteriated tricyclic alkanes indicated that the
carboxy group was associated with the ¢ ring since the inten-
sities of the m/z 191 fragment peaks from rings A plus B
were not affected by deuteriation. Furthermore, the carboxy
group was bonded to an alkyl side chain rather than directly to
the ¢ ring since the m/z 261 fragment peaks, from the loss of
the C-14 side chain, remained unchanged. The mass spectra
(70 eV) of the C,, tricyclic methyl esters, alkane, and mono-
deuterioalkane were as follows: ester: 376(M+, 10%), 361(17),
345(2), 192(19), 191(100), 177(8), 163(10), 149(6), 137(16),
123(23), 109(24), 95(36), 81(27), 69(29), and 55(23); alkane:
hydride reduction: 332(M™*, 14%), 317(13), 261(5), 247(2),
219(3), 205(2), 192(19), 191(100), 163(3), 137(22), 123(33),
109(31), 95(42), 81(35), 69(54), and 55(41); monodeuterio-
alkane : deuteride reduction: 333(M™*, 20%), 318(18), 261(6),
248(3), 220(7), 205(3), 192(18), 191(100), 163(6), 137(24),
123(27), 109(31), 95(50), 81(3), 69(48), and 55(32).

\H
(M) Cy n=1
(12)Cy n=2
(13) Cy3n=3

(14) C4, n=0
(15) Czs’ n=1
(16) Czs’ n=2

The C,, tricyclic alkane (1) was synthesized by an un-
ambiguous route from manool (2), as shown in Scheme 1.
Compound (1) was identical to the C,, tricyclic alkane present
in the saturate fraction of the Athabasca bitumen, as shown
by coinjection on capillary g.c. (SE-30 and Superox-4) and by
their identical mass spectral fragmentation patterns.?

The structures of the tricyclic esters were determined on the
basis of their relationship to the corresponding tricyclic
alkanes, given that the structure of the C,, tricyclane (1) was
established from the synthesis and the higher members of the
series differ only in the length of the isoprenoid side chain at
C-14. For example, the reduction of the pair of C,, esters (14)
to the C,, alkane (10) required that the position of the carboxy
group should be as shown. The C,,, C,,, and C,; esters were
inferred to have structures (11), (12), and (13), respectively,
and C,; and C, structures (15) and (16), respectively.

We synthesized four possible isomers of the C,, ester,'® with
a methyl group at C-13 and a methoxycarbonyl group at C-14
6), (7), (6, x-CO,Me), and (7, x-CO,Me). None of these com-
pounds matched with the C,, tricyclic ester. The plots of the
Kovat’s index vs. carbon number®?! were linear for com-
pounds (11), (12), and (13), as well as for compounds (14), (15),
and (16); therefore the former and the latter are members of
two homologous series. Similarly, the two-stage reduction of
the C,, ester from the bitumen produced a C,, alkane which
did not correspond to the C,, tricyclic terpene (1), from the
saturate fraction. Since the C,, ester and its corresponding
alkane both have m/z 191 as the base peak in their mass
spectra, which requires? a substituent at C-14, we consider (17)
as the most likely structure for the C,, ester.

Geochemical decarboxylations of the tricyclic carboxylic
acids to produce tricyclic alkanes are not sufficient to explain
the full range and distribution of the latter. Also, the tricyclic
alkanes above C,, consisted of pairs of diastereoisomers of
approximately equal concentration, as was the case for the
C,, and C,; tricyclic esters; however, for the Cy tricyclic ester
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the ratio of diastereoisomers was 7:1. This low rate of iso-
merization of a chiral centre more than two carbon atoms
removed from the carboxy moiety has been previously
reported?? for acyclic isoprenoid and hopanoid acids. We also
observed this phenomenon in the pentacyclic hopanes ob-
tained from the reduction of the corresponding esters.

The tricyclic terpenoid hydrocarbons present in most
petroleums are also present in the Alberta oil sands as tetra-
cyclic sulphides and sulphoxides.?®* The presence of their
carboxylic acid derivatives as well points to the widespread
occurrence and complexity of the, as yet, unknown biological
processes responsible for these tricyclic terpenoids.
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