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CX:::CURRENCE OF BIOGENIC STERANE..c; 1\ND PENI'l\-CYCJ .. IC TRITERPI\NF'..S 

IN AN EOCENE SHAlE (60 MILLIOO YEARS) l\ND IN 1\N Fl\RLY PRE­

CAMBRIAN SI-W..E (2. 7 BILLIOO YEARS): A PRELOONI\RY REPORT* 

By A. L. Burlingarrc, Pat Haug, Theodore Belsky 

and Mel vi.n Calvin 

Depart:rrent of Chemistry, Space Sciences Laboratory 

and Lawrence Radiation Laboratory, University of 

California, Berkeley, California 94720 

Thus far, our search for rrolecular carbonaceous rermants, specificci+ly 

indicative of biogenic processes, has been epitanized by the isolation and 

identification of isoprenoid alkanes in a number of ancient sediments of 

various geologic types ranging fz:an several million to over b«> and a 

half billion years in age. 1 '
2

'
3 

We have felt that the isoprenoid alkanes 

could serve as "biological markers" in our quest for evidence of life 
I 

arrong geologically well-characterized ancient shales and oils, and rrore 

specifically in carbonaceous chondrites. 

Earlier we reported preliminary studies on the oil shale from the 

Green River Fonnation (Eocene Age, about 60 x 106 years) at Rifle, COlorado. 112 

These results, which paralled those of CUrnnings and Robinson, 4 established 

the biological history of this Cenozoic rock fran the very \D'leven distri-

' bution of the !!_-alkanes and fz:an the· presence of large proportions of 

isoprenoid alkanes rc16-, c18-isoprenoidr c19-isop~id (pristane) r 

c20-isoprenoid (phytane)]. 
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\<Jewish to report ncM ~ isolation and identification of ~ c27-, 

c28- and c29-steranes and a c30-penta-cyclic trit:P..rpane fran the branched­

cyclic alkane fraction of the Green River Shale. 

Separation of the branc~d-cyclic alkane fraction (extraction fran 

shale previously described in detail2) into its individual oonponents 

was achieved by an initial programred gas-liquid chranatographic run to 

300° {3% SE-30 on Gaschram z, 100-120 mesh, 10' x l/4" s.s. column, 

program rate 4 o per min.) in which peaks ~m oollected and in turn 

rechraratographed isothennally at tenperatures ranging fran 260°-280° 

{1% SE-30 on Gaschran z, 100-120 rresh, 10' x 1/4" s.s. oolum).. Mass 
. . 

spectra of ~se oollected sanples were detennined in a dimct inlet 

5 
! 
ti 

' 
system of a rrodified c.E.c. 21-103C mass spectroneter .. 

A prelim.inaty mass spectral examination of the fractions oollected 

as indicated in Fig. 1 fran a progranned run revealed the nDlecular 

\<.eights which are listed in Table 1 for the major ~ts- Fran the · 

Table 1 
. ' 

Fraction a 372 

b 386 

c 386f 400 

d. 386, 400, 412 

e 38641 400, 412 

f 400, 412 

. / 

subsequent isotherrral separations, a harologous series of c:x:npounds were 

isolated which display mass spectral fragnentation pattems characteristic 

. •' 

· .. ', 
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of the saturated, tetracyclic sterane carbon skeletal (I) • TOO mass 

spectra of the isolated c27-, c28- and c29- steranes are shown in Figs. 

2, 3 and 4, respectively, together with the mass spectrum6 of authentic 

R 

si tostane (II) in Fig • 5. 7 The intense peak of nVe 217, which is CXJIIIOI1 

to these spectra is depicted as III and arises through loss of the side 

li, 

chain together with C-15, C-16 and C-17 of ring D and denalstrates that 

I 
I 
I 

rings A, B and C are saturated and unsubstituted. Another ve.cy favorable 

rrode of decarposition gives rise to the intense peak at nVe 149, as 

illustrated rrechanistically by tiM:! folla-~ing sequence: 

R R 

.. 

~. ( \ 

I ' .I 

The small ,Peak at nVe 259 enixxlies the tetracyclic rroiety resulting fran ' > 
l . 

sinple cleavage of the 17, 2G-bond. Thus, the substitutiCX'l causing the· 

h::>rrology is present in the side chain. The mass spectxun of fraction d 

is sha-m in Fig. 6. The nolecular weight of 412 demands five degrees Qf 

.. 
' . 

' l 
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·' 
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8 
unsaturation, therefore, a penta-cyclic carbon skeleton. The relatively 

large peak at nv'e 369 ( 412-c
3
H

7
) in oonjunction with peaks at nv'e 123, 

137, 191, 205 and 231 is indicative of a penta-cyclic triterpane in the 

lupeol series.
9 

The identification as a c
30

-triterpane is corroborated by carparisal 
10 

of its fragrrentation pattern (Fig. 6) with that of authentic lupane (IV) 

in Fig. 7. 

The appearance of the c
28

- and c
29 

-steranes in a n\.l'l'ber of cliff~~ 
I 

glc fractions (as indicated in Table 1) suggests the presence of several 

isarers of each harologue. Such a finding oould be inte:rpreted in terms 

of abiogenic reduction of their precursors, e.g., ergosterol, etc., 

resulting in different ring junctures (A/B ~versus A/B trans, etc.) 

and, therefore, isarers with different gas-chranatographic retention 
i 

tirres, alth::>Ugh a certain arrount of overlap of glc peaks could acx::ount 

for their multiple presence. Further stl¥ly is in progress to ascertain 

which stereoisorrers are present in the Green River Shale. 

The organic extract from shale of the Soudan Iron Fonnation of 

Minnesota which is the oldest carbonaceous rock thus far known on the 

North Arrerican oontinent and ha..s been dated isotopically at greater than 
11 . '• 

two and a half billion years has rest¥-ted in tlE isolation and identifi-

cation of a series of "nolecular .fossils" 1 the isoprenoid alkanes. 3 

-;. 

[ 
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Concurrently, an analogous investigation of the branched-cyclic 

alkane fraction fran the Soudan Shale (extraction procedures previously 

described in detai.l
2

) was separated into '' lCM boiling" and "high boiling" 

(above 200°) cuts by an initial programred gas-liquid chromatogruphic 

run to 300° (3% SE-30 on Gaschran z, lOG-120 rresh, 10' x 1.4" s.s. oolt1111, 

program rate 4 ° per min.) • During a separate chranatographic run, authentic 

sanples of cholestane and squalane were co-injected with both the branched-
" 

cyclic fraction (see Fig. 8) and the subsequent "high boiling" cut. 

After knowing these retention tines for cholestane and ~e, the 

high boiling cut was re-chromatographed isothermally at 225° and the 

sarrples a:>llected for mass spect.ranetric analysis. Fractioo 20 rorres­

ponded in retention tine to that of cholestane (see Fig. 8) and yielded\. 

upon nass spectrorretric analysis the mass spectrum depicted in Fig. 9. 

The mass spectral fragnentation pattern (Fig. 9) of fracticn 20 

has rrolecular ions at nv'e 372, 386 and 400 indicative of the presence of 

c27-' c28- and c29- saturated, tetracyclic hydrocarbons. This spectr\.ln 

displays various features which are characteristic of the carbon skeletons 

(I) of a harologous series of three saturated steranes. Each of these 

rrolecular ions displays equally large fragnents at r+-at3; e.g., nv'e 357, 

371 and 385. The intense groups of peaks at nv'e 217, 218 and 219 arise 

from the major node of fragnentaticn in the steroid hydrocarbons having 

side chains attached to c-17, ~ supra. It should be rrentiooed that -

there are several minor carponents of higher nnlecular weight, e.g., 410, 

412, 414, 416 and 418, which oontribute peaks to the fragrcentation pattern 

of fraction 20. Many of these are peaks koown to occur in the mass spectra 

of various triterpanes, e.g., 123, 137, 163, 1771 191, 231, etc., and · 

;•.: 
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consideration of the relative intensities of the appropriate peaks in 

fraction 20 is reminiscent of the mass spectrum of authentic friedelane (V) • ·. 

y 
Fur~r work is in progress on the isolation ani identification of c

30 

carpounds in the tri terpane series. 

It is interesting to note the striking pre&:lminanoo of the sterane, 

penta-cyclic tri ter?ane constituents in the branched-cyclic alkane fraction 

of the non-rrarine Green River Shale, particularly of those derived fran 

the parent plant sterols. This contrasts with the nuch la-Jer relative , 
/ 

abundance of these c::x:rrpound classes in the Soudan Shale, which is of 

rrarine origin and ITU.lch greater age. It is noteworthy that the probable 

diagenetic precursors of geologic steranes and triterpanes, e.g., 

ergosterol, sitosterol, lupeol, etc., occur in nature as allylic alcohols 

requiring .geologic or bacterial reducticn in a fashion analogous to that 
I 

\ 

suggested for the oonversion of phytol to phytane under geologic oonditions. 12 ' .. 

Oxidizing oonditions would yield keto steroids, but diagenesis involving 
r 

sequential formation of a carboxylic acid and decarboxylation analogous 

to that presented for conversion of phytol to pristane and the c
18

-

isoprenoid alkane would be prevented in nuch the sarre manner that , the 

fonnation of the cl7-isopreooid alkane fran phytol would be prevented. 

The c17-isopreooid alkane has not been isolated fran ancient carbonaceous 

sed.irren ts thus far. 3' 13 

. . 
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Barton and co-workers14 have identified oxyallobetul-2-cnc, a 

dGrivative of a plant triterpenoid, from petroleum. In a series of 

papers Sorm and co-workers15 have isolated and identified oxyallobetulone 

and several other tri terpenoids fran North Bohemian Brown Coal, the aqe 

of which is estimated to be tens of millions of years based on geolocrical 

strata. Several re1=0rts have suggested the probable presence of steroid­

type hydrocaroons in pctroleum16 ' 17 and recent sedirrents.l8 Tveinschein 

has indicated the presence of a c27-sterane in the Nonesuch Shale on 

the basis of large peaks at 372, 218, 217 and 149 in ~ mass spectrum 

of a carbon tetrachloride eluant fraction from an alumina column. 19 

The greatly decreased solubility properties of steranes and triter­

panes oorrpared to the isoprenoid alkanes lends further support to evi- l \ i 

d<mce for the indigenous nature of these sedimental alkanes, rather than 

migration since sedirrent deposition. 3 

The occurrence of steranes (and probably penta-cyclic triterpanes) 

in the Soudan Shale provides further evidence for the presence of life 

processes ~ufficiently carplex to require an enzymatic tenplate and !!;_ 
! 

I 

vivo polyisop:r·o_·l•o:i<1 c:yclizations at the 1:\\0 billioo vear mark in terrestrial 

chronology. 

·, 
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