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Keto-carboxylic Acids isolated from the Colorado Green River 
Shale (Eocene) 

By PAT HAUG, H. K. SCHNOES, and A. L. BURLINGAME* 
(Department of Cheinistry and Space Science Laboratory, University of California, Berkeley, California 94720) 

THE isolation and identification of organic com- 
pounds from ancient sediments has received 
considerable attention in recent years, and the 
Green River Formation (Eocene) is perhaps the 
most extensively investigated carbon-rich deposit 
in this respect. Here we record the interesting 
finding of methylketo-acids in Green River oil 
shale extracts. 

Details of the extraction and isolation of the 
non-phenolic acidic components from the powdered 
oil shale have been described.l The esterified 
acids (MeOH-BF,) were separated by g.1.c. 
(10 f t .  x in. column of 3% SE-30, followed by a 

6 f t .  x in. 3% HIEPF), and the esters thus 
isolated were examined by mass spectrometry. 
Two fractions were obtained which from their low 
and high resolution mass spectrat could be identi- 
fied as saturated keto-esters. One of these 
showed a molecular ion at  nz/e 214 and strong 
peaks at  m / e  183 ( M  - 31; CiiHig02), 157 ( M  - 57; 
C9H1,02), 125 ( M  - 57 - 32; C8Hl,O), 97, 87, 74, 
69 and 58 (C,H,O; base peak). The second 
compound had a molecular ion at  m / e  256 and 
peaks at  225 ( M  - 31), 199 ( M  - 57; C,,H,,O,), 

87, 74 and 58 (C,H,O; base peak). These data 
167 ( M  - 57 - 32; CiiH,gO), 149 (167-18; CIlH1,) 

t Conventional and high resolution mass spectra mere obtained on a CEC 21-110 mass spectrometer. High resolu- 
tion mass spectra were recorded on a photoplate. 
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clearly identify the compound with M = 214 
as methyl 10-oxoundecanoate (I) and the compound 
with M = 256 as methyl 13-oxotetradecanoate (11). 

0 0 
I1 II 

CH3O--G-[CHJ,-C-CH3 (I), ?Z = 8;  
(11), n = 11. 

The mass spectra of keto-esters have been 
studied2 and their fragmentation patterns are 
characteristic of aliphatic diketo-functionalisation ;3 

in particular, the sequence M - 31, M - 57 and 
- 57 - 32, together with the intense peak a t  

m/e 58 (resulting from the McLafferty rearrange- 
ment involving the keto-grouping) , identify these 
compounds as methylketo-esters. An impure 
sample of the keto-acid corresponding to M 242 
was obtained and the presence of the remaining 
isomer a t  M 228 is indicated by our data..$ 

The finding of methylketo-acids in an ancient 

sediment is of some interest, since these long- 
chain terminal keto-acids are relatively rare in 
nature.* Long-chain methyl ketones (Cl,-C3,) 
have been isolated from soiLS Since it is known 
that certain micro-organisms, e.g., Penicilliurn 
species, can metabolise fatty acids up to C,, to 
methyl ketones,6 i t  is possible that keto-acids 
represent intermediates of microbial degradation 
of n-fatty acids. The isolation of such minor 
components from ancient sediments is thus of 
significance with respect to any speculations or 
deductions on the history of a given sediment and 
the original diagenetic transformation of organic 
material. 
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High-resolution mass-spectral data obtained on the total acid fraction liberated upon demineralisation (HF) of 
pulverized, exhaustively extracted (benzene-MeOH) shale indicate a series of keto-acids in amounts comparable to 
the normal acids (Burlingame and Simoneit, unpublished results). 
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