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Abstract The Athabasca 011 sand bitumen contains a homologous series of tricyclic terpanes
containing 19-30 C atoms per molecule. The structure of the most abundant member, the C 3
tricyclane, has now been elucidated. 2
Recently, we reported] the occurrence, 1n the Athabasca 011 sand bitumen, of a homologous
series of tricyclic terpanes having basic structure I (R] = H to R] = C1]H23) and containing
19-30 C atoms per molecule

We have now 1solated the most abundant component of the series having the formula C23H42
(peak 5b, F1g 1) by preparative g ¢ (>90% purity) from a concentrate of the tricyclic ter-
panes separated from the native bitumen L We also 1solated this compound and 1ts 1somer
(peak 5a) from the pyrolyzate (300°C) of the resin fraction of the bitumen The latter tri-
cyclane was present 1n relatively high concentration 1n the resin pyrolyzate (2 13 mg/g of
saturates) but occurred in much lower amounts 1n the corresponding fraction of the natural
bitumen (0 17 mg/g). A1l three compounds were analyzed by mass spectrometry (direct-inlet
insertion probe) and both samples of component 5b by H] n.mr.
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Fig 1. GC of a concentrate of the tricyclic terpanes [peak 1 (C]9H34) - peak 12 (C30H56)]

of the Athabasca o011 sands.2

Peak 5b displays CooH,, [M', 318 (29%), M'-15, 303 (20%), M'-C,Hy, 261 (20%), M'-Cgh, g,
191 (100%)], Indicating a tricyclic structure with a butyl side chain. On the basis of the
intense 1on at m/e 191, corresponding to II which 1s characteristic of many polycyciic ter-
panes,3 the tentative structure III 1s an obvious choice for this compound.
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The mass spectrum, gas 1iquid chromatographic retention time and PMR of the compound
represented by peak 5b from the resin pyro]yzate1 were 1dentical to those of the corresponding
component 1n the natural bitumen {peak 5b, Fig. 1) thus confirming that they are the same
compound.

The mass spectrun of peak 5a features C,H,, [M', 318 (254), M'-15, 303 (15%), M'-C,Hg,
261 (58%), M+-C9H]9, 191 (63%), 57 (100%)]. These data support the overall structure III but
indicate a more facile loss of the butyl substituent under electron wmmpact. This may be
related to an energetically unfavourable conformation 1n component 5a, which 1s most probably
due to the stereochemistry at the point of attachment of the alkyl substituent to the C ring.
Hence, assuming that the A, B and C rings are trans-fused, three possible structures, IV, V,
VI, reflecting destabilizing 1nteractions between neighbouring/coplanar methyl and butyl sub-
stituents of r12? C, can be envisioned for coEponent 5a.

The C-8 and C-10 methyl groups would be axi1ally oriented 1n all three structures (chair-chair-
chair) Thus, while IV and V suffer from three 1-3 diax1al methyl interactions (C-48/C-10,
C-8/C-10, C-8/C-13) VI 1s destabil1zed by only two (C-48/C-10, C-8/C-10). The severe crowding
in IV ar1sing from the 1-3 diaxial bonds 1s further accentuated by syn axial-equatorial repul-
sions of neighbouring bulky substituents (C-8 Me/C-14 Bu, C-13 Me/C-14 Bu) Therefore, of the
three possible structures for compound 5a, IV 1s the least 11kely, and VI 15 the most plaus-
1ble. It then follows that VII 1s a possible structure of a more thermodynamically stable

1somer of component 5a, 1.e. component 5b  This structure also possesses two 1-3 diaxial
H

VII

bonds but 1s expected to be relatively less destabilized because the C-14 butyl group 1s 1n
the thermodynamically more stable B8, equatorial position 6 Th1s tentative structure of
component 5b 15 supported by PMR data.

The 400 MHz PMR (C0013) of peak 5b displays signals for 4 angular methyls (3H singlet at

5 0.76, 6H singlet at 5 0.80, 3H singlet at & O 84) and one secondary Me (3H doublet at &
083, J = 7c/s) These data confirm the presence of 5 ring methyls (4 tertiary and 1 second-

ary) in VII. The most downfield resonance (0 84 ppm) 1s assigned to the C-4 a-Me which 1s the
most deshielded of the angular methyls. On biogenetic grounds, the position of the secondary
Me 1s either C-13 or C-14.7’8 However, since this Me has almost 1dentical chemical shift with
the C-4 o-Me, 1ts location on the C ring should be environmentally equivalent to that of the
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tertiary Me. Hence, 1t should be located at C-13 and with o-stereochemistry. We are then
Teft with 3 unassigned Me resonances at & 0.76 (3H) and 0.80 (6H) which we tentatively desig-
nate as follows & 0.76 (C-4 g-Me), O 80 (C-8 8-Me and C-10 g-Me).

A reference natural product which could be correlated with VII 3s the tricyclic sester-
terpenoid, cheilanthatriol, VIII which affords signals for five quaternary ring methyls at &
0.86 (6H singlet) and & 1.02, 1.12, 1.16 (3H singlet each).7 We have evaluated the effects of
6a-hydroxy! (equatorial) and 13g-hydroxyl (axial) substituents on the Me resonances of VII by
comparison with literature data for corresponding Me protons 1n compounds with analogous func-
tionalization as well as 1dentical ring junction configurations, Table 1. The five tertiary

Table 1 The effects of 6a-hydroxyl and 138-hydroxyl substituents on the chemical shifts of
the methyl protons of VII (C23 tricyclane).

Methyl Inferred Estimated Estimated T8 Structurally analogous 1nteractions
position chemical shift due shift due {ppm)
shift to 6a-0H to 13g-0H

(ppm) (ppm) (ppm)

4o 0.84 03 0 01 116 6a-0H/23 Me, olean-12-ene,’ 19
30-0H/18 Me, 5a l4a~androstanes

48 0.76 0.19 00 0.96 6a-0H/24 Me, olean-12-ene,9d 10
4g-0H/18 Me, 5a l4a-androstanes

88 0 80 003 0.32 115 6a-0H/26 Me, o]ean—]Z-ene;9
28-0H/25 Me, olean-12-ene

108 0.80 003 0.02 0 85 6a-0H/25 Me, o1ean-12-ene;g
28-0H/26 Me, olean-12-ene

13a 0.83 0 021 1.04 cf 6a-0H/27 Me, olean-12-ene,

48-0H/C-80 Me, 5z-selinanesil-12

ow VITI 09é 18 &n IX osh 117 ém X
methyls of the hypothetical dihydroxy compound IX should resonate at ca 1 16, 1.15, 1.04, 0 96
and 0.85 ppm (3H each) which are 1n close agreement with the chemical shifts attributed to the
ring methyls of cheilanthatriol (vide supra). The cause of the deviation of the anticipated
resonance of the g-Me at C-4 in IX (0.96 ppm) from the corresponding signal for VIII (0.8§
ppm} 1s not understood However, the possible effects of a 3-methyl-penten-2-01 C
ring substituent on methyl resonances of IX were not taken into account in computing the
chemical shifts Nevertheless, 1t 1s significant that zeorin X, which has the same trans-
anti-trans geometry for the A,B,C rings as inferred for VII affords chemical shifts for the
C-4 and C-10 methyls at 0.86, 0 98 and 1.17 ppm9 which are almost 1dentical to those predic-
ted above for the corresponding ring methyl protons of the hypothetical dihydroxy tricyclic
compound

Therefore, peak 5b can be considered to represent a tricyclic alkane having the structure
VII and 1s accordingly named 18,19-bisnor-13gH,14aH-che1lanthane. 1Its 1somer, peak 5a, VI, 1s
then 18,19-bisnor-13gH,14gH-chetlanthane. The basic carbocyclic structure of the entire tri-
cyclane homologous ser1es] then becomes XI with XII representing the C30 member.
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The most obvious biotic precursors of the C23 tricyclanes are therefore sesterterpenoids
such as cheilanthatriol. However, in view of the fact that >C25 tricyclic terpanes have now
been detected from several different geological sour'ces,1’]3 a common tricyclic triterpenoid
precursor(s) for at least the C26-C30 homologs cannot be ruled out at this stage. Specific-
ally, we note that the carbon skeleton of structure XII, which 1s tentatively proposed for the
C 0 member occurring in the Lower Cretaceous Athabasca petro]eum] can arise from the cycliza-

3
tion of the hexaisoprenoid XIII, synthesized either via head to tail coupling of six 1soprene

H H

XII XIII

14
units, or head to tai1l dimerization of two 015 units {cf. squalene biosynthesis ).

In a recent study Albrecht and cowov*kenr*s]5 reported the i1dentification of the lower mem-

bers of tricyclic terpanes occurring 1n sedmments and petroleums These were the 138(H)
monomethy1, 14a(H) monomethyl and 138(H), 14a(H) dimethyl derivatives of the tetramethyl
perhydrophenanthrane skeleton, 1n essential agreement with our own conclusions

Further work 1s 1n progress to determine the structure of functionalized tricvclic ter-
penoid derivatives 1solated from the same Athabasca bitumen 16
Acknowledgment  Financial support by the Natural Sciences and Engineering Research Council

of Canada and Alberta 011 Sands Technology and Research Authority 1s gratefully acknowledged
References-

1 Ekweozor, C M and Strausz, 0 P , Abstracts of Papers, 10th International Meeting on
Organic Geochemistry, Beraen, Norway, Sept. 1981, Adv 1n Organic Geochem , 1982 1n press

2 GC conditions: Hewlett Packard 5830A GC fitted with 60 m x 0 25 mm WCOT glass capi1liary

column, stationary phase, 0V-101 He flow ~3 0 mL/min, oven program 140-280°C of 2°/min.
Injector and detector temps , respectively, 285 and 350°C

Kimble, B J , Maxwell, J R , Philp, R P and Eglinton, G , Chem Geol 14, 173 (1974)

Anders, D E and Robinson, W E , Geochim Cosmochim Acta, 35, 661 (1971)

Complete mass spectra for the entire series with the exception of the Cpg member are

presented 1n ref 1

Hirsch, J A , Concepts 1n Theoretical Organic Chemistry Allyn and Bacon Inc , Boston,
1974, p 255

Khan, H , Zaman, A , Chetty, G L , Gupta, A S and Dev, S , Tet Lett , 46, 4443 (1971)

Iame]§n van, £ E , Willet, J , Schwartz, M and Nadeau, R , J_Am Chem Soc., 88, 5937
1966
9 Itd, S 1n Natural Products Chemistry, eds Nakanishi, K , Goto, T , It6, S , Natori, S

and Nozoe, S , Kodansha Ltd , Tokyo, pp 366 and 375, 1974
10 Bhacca, N S and Williams, D H., Applications of NMR Spectroscopy 1n Organic Chemistry,
Holden-Day, San Franciso, pp 19-24, 1964

11 Sulser, H., Scherer, J R and Stevens, KL , J Org Chem , 2422 (1971)

12 Huffman, J W and Zalkow, L H , Tet Lett , 10, 751 (1973)

13 Swmmoneit, B R T and Kaplan, 1.K , Mar Environ Res , 3, |13 (1980)

14 Popjak, G and Cornforth, J W., Biochem J , 10T, 553 (1966)

15 Aquino Neto, F.R , Restle, A , Connan, J , Albrecht, P and Ourisson, G , Tet. lett.,

in press.
16 Cyr, T et al , to be published, and J Payzant et al , to be published

(=)} (S0 V]

o~

(Received 1n USA 1 December 1981)



