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Abstract: A novel diary1 isoprenoid 1 with an additional aromatic ring (C,&,), formed 

f?om the carotenoid p-carotene by cyclisation, aromatisation and expulsion reactions 

during sediment diagenesis, has been isolated from a 50 Ma old lacustrine sedimentary 

rock and identified by ‘H and “C NMR spectroscopy and mass spectrometry. 

0 1997 Elsevier Science Ltd. 

Although carotenoids are relatively labile components, they may be preserved in an altered form in 

ancient sediments and petroleum. For example, we recently identified in a set of sediment samples ranging in age 

Tom Miocene (6 Ma) to Ordovician (450 Ma) a suite of derivatives of the diaromatic carotenoid isorenieratene 2 

presumed to be formed by cyclisation, aromatisation, and expulsion reactions and reduction of double bonds.‘-2 

Since these diagenetic reactions occur with the polyene double bond system of isorenieratene, they are expected 

to occur also with other carotenoids during sediment diagenesis. Another widely occurring diagenetic carotenoid 

product is p-carotane 3, which is derived from the ubiquitous carotenoid p-carotene 4.‘” It was firstly identified in 

the extract of the Eocene (50 Ma) Green River shale.’ During examination of the aromatic hydrocarbon f?action 

of an extract of the Green River shale by GC-MS, we encountered a suite of aromatic hydrocarbons with 30,3 1 

or 38 carbon atoms, tentatively identified as diary1 isoprenoids with O-2 additional aromatic rings and with mass 

spectra dominated by fragment ions at m/z 119 and 120, suggesting dimethylbenzene end groups. These 

structures indicated the occurrence of a diagenetic reaction of carotenoids not previously encountered, i.e. the 

aromatisation of the 1,1,5-trimethylcyclohex-5-enyl moiety of carotenoids (including p-carotene) with 

concomitant loss of a methyl group. Although it was tempting to assume that C-17 and C-17’ of 4 had been lost, 

the dominance of the m/z 120 tiagment ion (formed by a McLafferty rearrangement) over the m/z 119 fragment 

ion (caused by P-cleavage) in the mass spectra of the diary1 isoprenoids with no additional aromatic ring 

indicated that the dimethylbenzene moieties contained two unsubstituted o&o and para position?‘. 
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Figure 1: Structures of compounds. 

To unambiguously establish the substitution pattern of the formed aromatic rings, a diary1 isoprenoid .with 

an additional aromatic ring (19; CJI,,) was isolated from the solvent extract of the Green River shale by column 

chromatography and subsequent reversed HPLC using a Polygosil C,, preparative column by elution with 

methanoVethy1 acetate (80/20; v/v). The purest fraction (1 .O mg) consisting of 74% of 1 (other 26% consisted of a 

complex mixture of hydrocarbons, none representing more than 10% of the total fraction) was analysed by high 

field ‘H and “C NMR (Table 1) which led to complete assignment of proton and carbon chemical shifts. Carbon 

multiplicities were established by APT and DEPT spectra and revealed that 1 contains 30 carbon atoms with 9 

aromatic C, 9 aromatic and 1 aliphatic CH, 5 CH, and 6 CH, units. ‘H-‘H COSY and inverse one bond ‘H-‘C 

correlations were used to assign chemical shifts. An inverse long range (‘J and ‘J) ‘H-“C correlation experiment 

(Pig. 2a) was essential for the identification of the aromatic substitution pattern of 1. It clearly showed the 

connectivities of two aromatic methyl groups with only quatemary carbon atoms, establishing the position of the 

Figure 2: (a) Connectivities from an inverse long range [‘J (stippled lines) and ?I (solid lines)] ‘H-“C correlation 

experiment and (b) long-distance NOE interactions of methyl groups (C- 16, C- 18, C- 19, C-20, C- 16’ and C- 18’), CH, 

groups p to aromatic rings (C-7, C-10, C-g’, C-7’) and an aromatic CH group (C-15). 
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Table 1 Hand”CNMRdataof1. 
H-shift c-shift” 

6.99 (s) 
6.99 (s) 
6.99 (s) 

2.70 (ddd, J=5, 12&13 Hz), 
2.56 (ddd, J=5, 1 l&13 Hz) 

1.65 (m), 1.42 (m) 
1.8 (m) 

2.42 (dd, J=8&14 Hz), 
2.69 (dd, J=6&14 Hz) 

6.95 (d, J=2Hz) 

6.97(dd, J=2&8Hz) 
7.11 (d, J=8Hz) 

2.15 (s) 
2.26 (s) 
0.98 (d) 
2.30 (s) 

7.04 (s) 
7.04 (s) 
7.04 (s) 

2.79 (dd; J=3&1OHz), 
2.80 (dd; J=3&1OHz) 

2.84 (dd; J=3&1OHz), 
2.85 (dd; J=3&1OHz) 

2.24 (s) 
2.29 (s) 

137.17 
15.01 
20.72 

of signals determined by APT, I yT( 135) and DEPT(90) experiments. 
,be interchanged. 
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CH, CH, CH C 
134.31b 
136.79” 

127.56 
125.32 
126.79 

140.86’ 
31.80 

38.05 
34.80 

40.19 

138.83 
130.89 

135.12 
126.74 
129.06 

14.89 
20.68 
19.55 
21.03 

134.3gb 
136.89” 

127.84 
125.51 
126.79 

140.26d 
36.06 

33.55 

methyl groups C-16 and C-18”, and C-16’ and C-18”” at C-l and C-2, and C-l’ and C-2’, respectively. These 

assignments were contirmed by NOE experiments which revealed the interactions of the adjacent aromatic 

methyl groups (Fig. 2b). 

The identification of 1 is the first evidence for the process of aromatisation of 1,1,5-trimethylcyclohex-5- 

enyl moieties of carotenoids during sediment diagenesis and has clearly established that this process does not 

proceed by a simple loss of one of the geminal methyl groups, but rather by a more complex and presently not 

completely understood reaction pathway. In fact, at present we cannot fully exclude the possibility that 1 is not 

derived from b-carotene 4 but from the unprecedented C,, diaromatic carotenoid 5. Our earlier findings have 
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indicated that the fossil record contains derivatives of carotenoids which have not been reported in contemporary 

species but may derive from carotenoids of extinct organisms.” This study also represents the first rigorous 

identification of a sedimentary carotenoid derivative formed by expulsion, in this case of m-xylene, from the 

intact carotenoid. Such a mechanism has been demonstrated to occur with intact carotenoids at elevated 

temperatures and during mass spectral fragmentation.‘2-‘3 The structure of 1 also confirms the reported preferred 

position of the additional aromatic ring by cyclisation and aromatisation of the polyene chain of carotenoids.‘-’ 
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