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One of the aims of organic geochemistry is to get a better knowledge of the structural 

changes undergone by biological molecules during and after their burial in the sedimentary 

environment. Some of these changes already appear during diagenesis in the recent sediments 
1 

and probably result from microbial influence . In a later stage the concomitant effects of 

temperature and catalytic activity of minerals induce further changes, such as defunction- 

nalisation, isomerisations and cracking of carbon-carbon bonds. That the carbon skeleton of 

complex molecules, such as steroids, can still be preserved far into an advanced stage of 

maturation is evident from the presence of various steranes in ancient sediments and crude 
2 

oils . However the steroid skeleton does undergo structural changes,under mild geological 

conditions, one of these being the backbone rearrangement of sterenes which leads to A 13(171 

3 rearranged sterenes ! . 

We would now like to report the identification of a series of steranes with a backbone 

rearranged skeleton 2 and 2' = in sediments and crude oils of various origins where they occur 

along with normal steranes 2 and triterpanes of the hopane type 2 [table 1). In order to 

simplify the nomenclature we propose to call these new compounds "diasteranes", the stereo- 

chemistry of the hydrogens at C-13 and C-17 being refered to as a or g. E.g. the 13g,17a(Hl 

rearranged cholestane will be called Ba-diacholestane 2a. 

&k&= 

a. R 
1 
=R2=H 

b. R, = H, R2 = CH3 

C. 
R1 

= H, R2 = C2HS 

d. R, = CH3, R2 = H 

I;l:ji&l;il:5 

e. 
R1 

= R2 = CH3 

f. R, = CH3, R2 = C2HS 

20R and 205 

RI = Rl 
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TABLE 1 : Samples analyzed for rearranged steranes* 

- Seven marine oil shales from various locations and depths in the Lower Toarcian 
formation of the Paris basin [180x106 vearsl 

Sediments - Two continental oil shales : Messel and Stockstadt [W. Germany ; Eocene : 
50~10~ years) 

- One shaie from the Upper Cretaceous of Gaboon. 

- Three oils ranging from Triassic to Upper Cretaceous in the Paris basin 
Crude oils - Several oils from Tunisia (Eocene1 

- One oil from the Upper Cretaceous of Gaboon. 

'All the samples contain significant amounts of diasteranes. except the very immature Messel 
shale where no trace could be detected. 

3 The analytical procedure used has been described in detail previously . Stainless 

steel capillary columns were coated with Apiezon L or OV 101. Large use has been made of mass 

fragmentography with GC-MS-computer coupling in order to elucidate complex mixtures. 

More than fifty peaks were separated from the complex mixture of branched and cyclic 

alkanes of a marine oil shale from the Lower Toarcian formation of the Paris basin ~160~10~ 

years] as seen on figure 1 which only shows the part of the chromatogram corresponding to 

steranes. The more volatile part mainly contains acyclic isoprenoids and the less volatile 

part C32-C3S triterpanes of the hopane type 4 . Peak numbers refer to table 2. 

Four diasteranes were identified by co-elution with authentic standards on two capil- 

lary columns [OV 101 and Apiezon Ll and comparison of their mass spectra : Be-diacholestanes 

20s [?a, peak 31 and 20R [:a, peak4]?4-methyl-Be-diacholestanes 205 [Zd, peak 121 and 2OR rid. 

peak 13). The latter two compounds were synthesised by backbone rearrangement of the corres- 
6 ponding 4a-methyl-cholest-5-ene under usual conditions , separation of the 20R and 205 dia- 

sterenes, followed by reduction of the A 13[171 double bond [Pt02, AcOH, trace HC1041. 

The structure of eight other homologous diasteranes was deduced from their relative 

retention times and their mass spectral fragmentation patterns as compared with the compounds 

?a and ?d : 24-methyl-Ba-diacholestanes 205 [?b, peak 91 and 20R (?b. peak 11). 24-ethyl Ba- 

diacholestanes 205 (2~. peak 141 and 20R (lc, peak 161. 4.24-dimethyl-Be-diacholestanes 205 

r?e. peak 221 and 20R (18, peak 26). 4-methyl-24-ethyl-Be-diacholestanes 20s r?f, peak 311 

and 20R [Zf. peak 371. The methyl group at C-4 is most probably a. 

Diacholestane Hopane 

R' = H: CH3; C2H5[22R and 22s) 

Further conclusions can be obtained from the close structural analogy of the C-O 

rings in diasteranes and the O-E rings in hopanes. Since hydrogenation under acidic conditions 

(Pt02' AcOH, trace HC104) of hop-17(211-ene mainly yields 17a.216[H1-hopane and small amounts 

of Ba-hopane 

and 20R A""77' 

we can assume that the minor products obtained by hydrogenation of the 205 

diacholestenes and eluted after 205 and 20R Be-diacholestanes are the a6- 

diacholestanes 20s and 20R [?'a). Co-elution of these two a6-diacholestanes 120s and 20Rl 
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enhanced peaks 6 and 7. The two 205 and 20R 4-methyl-aB-diacholestanes [?'a1 obtained as mi- 

nor products by hydrogenation of the 4-methyl-A 
13(171 

-diacholestenes [ZOS and ZORI enhanced 

peaks 19 and 21. These results are further confirmed by the identical mass spectral fragmen- 

tation patterns. Peaks 27, 32 and 35 were tentatively identified as homologous compounds, 

respectively : 24-ethyl-a6-diacholestane UOR or 20s) (z'cl and 4.24-dimethyl-a6-diacholes- 

tanes 20R and 20s [?'el from their mass spectra and their relative retention times. 

It can be assumed at this stage that the rearranged steranes which we have identified 

arise by hydrogenation under geochemical conditions of the precursor diasterenes 2 which are 

still present as such in the more immature part of the Lower Toarcian formation of the Paris 

basin '. This new class of biological markers reflects the complexity of the changes under- 

gone by steroids in the geological environment. Furthermore diasteranes can also be useful as 

correlation markers among crude oils or between crude oils and their source rocks a-10 . 

No of 
compound 

Formula STRUCTURE 
NO of 
compound 

Formula STRUCTURE 

1. 2 C27H46 
3 C27H48 
4 

C27H46 

5.6 C2&0 
6 

C27H46 
7 

C27H46 
9 

CzEP50 
10 

C29?2 
11 

C2850 
12 C2BHS0 
13 C28%0 
14 C29%2 
15 

C27H48 
16 

C2gH52 
19 

CZEAO 
20 

C29H52 
21 

C2#50 
22 

C29%2 
23.24.29,34 C30H54 

25 
C27H46 

26 
C29%2 

27 
C29H52 

Rearranged steranes 

r6wdiacholestanB 20s 

s6a-diacholestane 20R 

Rearranged steranes 

a8-diacholestane 205 or 20R 

u6-diacholestane 2OR Or 205 

24-methyl-Ba-diacholestsne 205 

Rearranged sterane 

24-methyl-Eu-diacholestane 20R 

x4-methyl-Ea-diacholestane 205 

~4.methyl-8a-diacholastane ZOR 

24-ethyl-6a-diBcholestB”e 20s 

+56-chalestane Icoprostenel 

24-Bthyl-@a-diacholastane 20R 

4-methyl-o6-diacholestans 205 or ZOR 

Rearranged 4-methylsterane 

4-methyl-aB-diacholestane 20R or 205 

4.24.dimethyl-Bu-diacholestane 205 

Rearranged 4-methylsteranes 

r5u-cholestane 

4.24.dimethyl-Ba-diacholeetane 20R 

24-ethyl-a6-diacholestane 205 or 2OR 

26. 33 

31 

32 

35 

36 

37 

30.41 

39 

42 

4 1 

44, 45 

47 

4.3 

50.54.55 

51 

52 

56 

60 

64 

67 

66 

‘2EH50 

C30%4 

C2gH52 

C29%2 

C2&0 

C30H54 

C30H54 

‘2EH50 

C2&0 

C2$Q 

C30H54 

C2&0 

C29%2 

C30H54 

C2gH50 

C2gH52 

C30H54 

‘30H52 

‘30H52 

C31%4 

C3P54 

Aethylcholsstenas 

4-methyl-24-ethyl-Ba-diacholastane 205 

4.24-dimethyl-a6-diacholestane 20s or 20R 

4,24-dimethyl-a6-diecholestane 20R or 205 

=4wmethylcholestane 

4-methyl-24-Bthyl-,WdfacholestBne 20R 

Rearranged 4-,“BthylSterBneS 

u24-mBthylcholestanB 

*46-methylcholestane 

V24-ethv?-56.chalestane 

Rearranged 4-methylsteranes 

4o,24-dimethylcholestane 

=24-ethylcholestene 

Methylsteranes 

mCzg &hopane 

46.24-dimethylcholestsne 

4a-methyl-24-ethylcholestena 

gCgoaE-hopane 

wCgo6a-hopane 

~Cgla5-hopane 

xC31a%-hopane 

TABLE 2 : Oiasteranes and methyl-diasteranes from shales and crude oils (some hopane triter- 
panes are also included). Compounds marked with w have been identified by direct comparison 
with authentic standards. 

Mass spectral data : 

Ba-diacholestanes (20R or 2051 : m/e = 372 CM+, 35 %I, 357 (15 %I, 315 (5 %f. 267 [IO %I, 259 
(43 %I. 217 [66 %l. 203 [I2 %1, 169 [36 %1, 177 (20 %I, 163 L38 %I, 149 [53 %I, 95 (100 %). 
4-methyl-Ba-diacholestanes (20R or 2OSl : m/e = 366 CM+, 66 %l, 371 (40 %I, 315 (100 %I, 301 
(6%1, 273 (35 %l. 231 (34 %I, 203 [36 %l. 
aB-diacholestanes (20R or 20s) : m/e = 372 CM+, 36 %I, 357 (22 %I. 315 T3 %I, 287 [5 %l. 259 
(26 %I. 232 (46 %l. 217 (60 %I. 203 (12 %I, 169 (62 %l, 177 (18 %I, 163 (56 %l, 149 (47 %I, 
95 [IO0 %I. 
4-methyl aB-diacholestanes (20R or 20s) : m/e = 366 CM+, 60 %1, 371 (86 %I, 315 T57 %I, 301 
(6 %I. 273 (34 %l. 246 (38 %I, 231 (34 %I, 203 [57 %l. 95 (100 %). 
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DONTRIEN 

NO. 18 

Apiezon L 50m x 0.5mm 

FIGURE 1 : Gas chromatogram of the branched and cyclic alkanes of DONTRIEN shale (depth : 

1325 ml". Apiezon L, 50 m : 0.5 mm ; 160-300°C, 3O/min. Peak numbers refer to 

table 2. Missing numbers correspond to very minor peaks often present in grea- 

ter amounts in other samples. 

Acknowledgements : 

We thank ELF-Aouitaine for financial support and supply of samples, the Institut Francais du 
P&role for supply of samples, Or. R. Jacquesy. Universite de Poitiers, France, for authen- 
tic standards and Professor G. Ourisson for his interest and encouragement. 

REFERENCES 

11 M. Oastillung and P. Albrecht, Nature, 269. 
21 L.J. Mulheirn and G. Ryback. in Advance=?? 

J. Goni, Enadimsa, Madrid, 173 (19771. 
31 I. Rubinstein, 0. Sieskind and P. Albrecht, 

678 (19771 and references therein. 
Organic Geochemistry 1975, ed. R. Campos and 

JCS Perkin I, 1633 (19751. 

111 

A. Ensminger. PhO thesis, Universite Louis Pasteur, Strasbourg (1977). 
A. Ambles, C. Berriet and R. Jacquesy, Bull. Sot. Chim. France, 835 (19751. 
O.N. Kirk and P.M. Shaw. Chem. Comm., 606 [19701. 
A. Van Oorsselaer, P. Albrecht and G. Ourisson, Bull. Sot. Chim. France, 165 (19771. 
M. Oastillung, G. Joly, A. Ensminger and P. Albrecht, Advances in Organic Geochemistry 

1977 (Moscow meeting, Nay 19771, in press. 
A. Van Oorsselaer, J.N. Schmitter, P. Albrecht, J. Claret and J. Connan, Advances in OP- 

gawk Geochemistry 1977 (Moscow meeting, Nay 19771, in press. 
W.K. Seifert and J.M. Noldowan, Geochim. Cosmochim. Acta, 42, 77 (19761. As was presented 

at the 6th International Congress on Organic Geochemistry at Moscow. Nay 10, 1977, the 
Chevron Oil Field, Richmond, group has independently noticed the presence of C27-C2g 
rearranged steranes in crude oils on the basis of mass spectrometrical studies. 

8. Tissot, Y. Califet-Oebyser, G. Deroo and J.L. Oudin, Bull. Amer. Assoc. Petrol. Geol.. 
z, 2177 [19711. 


