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Ati-Fa~y act& and hydroxy actds have been found m a 5OCGyurold sedtment Born a freshwater 

lake m the Enghsh Lke District. The fatty acids showed the expected distnbutmn for such a sediment. 

The hydroxy ands. which comprised @6 9, of the dry weight d rhe saiment. were tdcnttkd as tk even 
numbered o-bydroxy acids from C,, to Cr.. 10.16dthydroxyhexadecanorc a4 ti tbe a- and p-bydroxy 

acids ranging from C,,, to Cr.. The o-hydroxy actds and the 10.16dihydroxyhexadenotc actd are almost 

certamly derived from plant cutm and suberm but rhc 1- and B-hydroxy actds may result from microbtal 

oxidation ol fatty actds. 

Flrrrv acids, which occur as esters of simple or complex lipids, arc widely distributed 
in nature.’ Their presence in a variety of geological sources has been firmly cstab- 
lished. for example, petroleum.’ peats and Iignites.’ Montan wax.’ ’ fnccil hrinc.6 
meteorites,’ recent scdimcntsb*l and ancient sc.dimcnts.‘z-‘4 Hydroxy acids are 
also extensively distributed in nature although less so than the fatty acids.” 
g-Hydroxy acids, for example, have been reported in a plant waxI and bacteria.” 
A wide variety of hydroxy acids occur in yeasts.‘s o_Hydroxy, di- and trihydroxy 
acids occur as constituents of suberin,” the cork layer of many plants, and cutin, 
the varnish-like covering on the aerial parts of plants.” The hydroxy acids of cutin 
are of prime geochemical interest because of their known species variation” and 
their possible use for palaeochemotaxonomy. ” The chemical resistance of cutin, in 
which the hydroxy acids exist as a polymerized and intercsterificd network” led us 
to believe that such hydroxy acids might be recoverable from sediments. Hydroxy 
acids of a noncutin nature have been isolated from Recent soils” but no work has 
been done on other sediments nor have cutin acids been isolated from any geological 
source. 

The sediment chosen for study was from a fresh water lake known as Esthwaitc 
Water in the English Lake District. The sediment in this lake varies vertically from 
I I.000 years old to the present day (radiocarbon dating of immediate post-glacial 
sediment”) and has bten studied palaeobotanically and its composition describcd.‘s 
The particular part of the sediment core studied here lay 336382 cm below the lake 
bottom surface. The age of this layer is approximately 5000 ycarsz4 At the same 
depth, pollen analysis” of a similar core for the same lake, showed the principal 
component plants to be Alnus (alder), Quercus (oak), &rub (birch), and members of 

l Part I. <i. Eghaton and D H. Hunneman. Phyfochtmuwy 7. 313 (1968). 
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the Graminae (grasses), with smaller amounts of Pinus (pine), Corylus (hazel), L’lmus 

(elm), Salix (willow), and members of the Cyperaceae (sedges). Other workers have 

studied the diatomsz6 extractable pigment” and inorganic geochemistry of the same 
sediment.” 

Correlation of our results with those from other investigations and especially 

correlation of the hydroxy acid pattern with the known content of plant debris must, 

of necessity, await a fuller study and examination of all levels; however, the novelty 
of our results and their obvious biochemical and geochemical importance prompted 
early publication. 

METHODS Ah’D RtlSULTS 

The drted sedrment was demineralir.ed wrth a mtxture of hydrochloric and hydro- 

fluoric acids and then hydrolysed with a methanol solution of potassium hydroxide. 

The sediment was acidified and the products extracted with methanol. The hydroxy 

and non-hydroxy acids were separated by TLC of their methyl esters and the non- 

hydroxy esters further resolved (TLC) into monocarboxylic and dicarbxylic esters. 

Individual componeots in each fraction were identified by GLC and combined gas 
chromatography-mass spectrometry (GC-MS). 

A GC-MS trace of the monocarboxylic methyl esters is shown in Fig. IA. The 
prominent peak was identified as methyl palmitate by its mass spectrum. The identity 

of each peak as determined by mass spectrometry is marked on the figure and the 
relative percentages given in Table I. The mass spectra of the straight chain, iso- 

(methyl branched on the penultimate carbon) and anteiso- (methyl branched on the 

antepenultimate carbon) methyl esters were compared with published data.‘“.” 

The mass spectrum of the compound identified as the methyl ester of the iso-C,. 
acid is shown in Fig. 2A. 

t ’ I C2, 
” I-24 

FIG IA Iota1 ion currem trace from M-MS of the monocarboxyhc fatly acids (as methyl 

a~ersl from Esrhwalte Warcr rdtmenr. Condwons: I “/; SE30 on IO%120 mesh Gas-Cbrom 

Q. 3 m x 3 mm 1.d.. He carrier gas 81 30 ml,mm. Tempcrarure programmed 100 250 aI 

4’ mm. The mass specrra were recorded al 70 cV. the lotal Ion trace at 20 cV. Peak Identliles 

as m Table I. the cham kngrh of each ester 1s mdx.atcd. Mars spccrra were taken at the 

pomls where there IS a vertwal lme through a peak. Mass spectra of some peaks were deter- 

mmul on other runs. 
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Flc; I H rotal ton current trace from GC-MS of lhc fracllon contarnmg ~.wJ~carboxyhc 

acids (as methyl esters) from Esthwrtte Water sadlmcnr Condlttons as m Fig. 1A. Peak 

ldcnrlrtcs a< tin Table 2 

iA8l.t. 1 .~OSOlCARftoXYI.IC. A( IDS tRtM IHF tSTttWAllt WATtIt St.OIyI.ST. IXT?.RYI~ll~ 

AS YCTHYL t5TFRS. PEJl(.MACtS (‘ALCXLATED kRR(M RELATWT AMAS I:!u-DtiB GLC 

PtAKS. AlI. (‘OMIOI’SM ARE STRA1c;tt.T (‘HAIN CNl.tE.S INDIC‘ATED OTHERWY. ‘lt4lS 

IRA< 1104 (‘OYW)StD 0 I -,, OF 1ttt DRY Wtlcrtil ot 1ttt StwMt41 
-..-- ---- -- --..- 
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The TLC fraction containing the dicarboxylic methyl esters also contained the 
entire series of methoxy esters corresponding to the hydroxy acids also found in the 
sediment. The GC-MS trace of this fraction is given in Fig. 1B. The dicarboxylic 
esters were identified on the basis of their mass spectra” and the mass spectrum of 
the compound identified as methyl eicosan-IJOdioate is given in Fig. 2B. The 
relative amounts of the diesters are given in Table 2. 

The identities of the hydroxy methyl esters were based on the retention indices 
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FIG 2A Mass spectrum of compound ~dcnt~licd as methyl 12-methyltrtdccanoate from 

Esthwatte Water scdlment (Ftg. IA. peak I 61 

2B Mass spectrum ofcompound Klentlticd as methyl ctcosan-l.Nd.oate from Esthwiutc 

Water sallment (FIN. 18. peak 2-3). 

Compound 

(Fig. IB) 
_ 

2 I 
2. 2 

23 

24 

2 5 

Cham Rclatlve 

length percentage 
-_ _ -.. 

16 14 

I8 9 

20 I4 

22 51 

24 6 

and mass spectra of the corresponding trimethylsilyl ethers, which could be com- 
pared with those of authentic standards obtained from modem cutin.” The GLC 
trace of the total hydroxy acid fraction (as the methyl esters, trimethylsilyl ethers) 
is shown in Fig. 3 and the relative percentages given in Table 3. The retention indices 
were determined by coinjection with n-alkanes on programmed runs. A retention 
index and mass spectrum were determined for at least one authentic standard from 
each series of compounds. The hydroxy esters were comprised of three distinct 
series of compounds : the methyl esters of z- and B_hydroxy acids from C, 1 to C2, ; 
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I I 
30 20 IO 

mn 

I.10 3 GLC trace of the hydroxy acrds from the Lsthwane Water sodimcnr (as methyl esters. 

trlmethylsllyl ethers). Condmonr IO&260 at 5’:mm. N, pmssurc 30 psi, column IO’ x ,$“. 

3 9: SF: 30 on Gas-Chrom 0. Peak uknnties and abbrcvmnons as m Tabk 3. 

thecutm and suberin acids, includingo-hydroxy acids from C,, to Cz6 and the 10,16- 

dihydroxyhexadecanoic acid; and aromatic acids, among which was identified 

phydroxybcnzoic acid. 

PC& 

No. 

Compound 

Fig 3) 
Abbrevlabon 

Relarlve 

pcrocntagc 

Rctentton 

Index 
-. .._. _ 

3 I x and g-Hydroxytetradecanolc a + fJl4 64 19.30 

3 2 z- and g-Hydroxypentadecanolc x + gls 70 2000 

3 3 x- and g-Hydroxyhcxadccanorc !I + PI6 81 2124 

3 4 a- and g-Hydroxyhcptadccanolc a t PI7 55 22aJ 

3 5 a- and g-Hydroxyoctadccanoic* a + gig 2.4 2320 

3 6 o.Hydroxyhcxadccanoic* cul6 R3 2214 

3-7 o-ltydroxyctcosanolc om 29 261)O 

3 8 o-Hydroxydocosanolc 022 I73 

3 9 o-Mydroxytctracounoic 024 6.4 
%I0 o-Hydroxyhexacosanoic 026 Irace 

3 1 I 10.16.I)lhydroxyhcxadecanorc* 18.8 2410 

3 I2 Unidcntlficd 2.9 2340 
3 I3 Unuknllfial 76 2430 

l Idcntny conlirmcd by retcnllon Index of authentic reference standard 

The mass spectra of the compounds identified as a- and g-hydroxy methyl esters, 
TMSi ethers, were compared with that of an authentic sampk of methyl f3-hydroxy- 
octadecanoate. TMSi ether. The mass spectrum of this compound, methyl a-hydroxy- 
eicosanoate. TMSi ether and that of the corresponding derivative of the C,, com- 

pound from the sediment are given in Fig. 4. The M-59 peak (loss of CO,CH,) is 
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FIG 4 Mass spectra of hydroxy acid. methyl esters. TMSI efhcrs A. Methyl P-hydroxy- 

octadccrnoate. TMSI ether (aulhentlc). L1. Methyl a-hydroxyhcxadccanoarc. TMSi ether 

(authentic). C. Methyl z- and B-hydroxyoctadecanoak. TMSI ether (ex Esthwa~te Water 

sedlmcnt). 

All spectra dctcrmmcd on rhe LKB 9000 at 70 cV. 

absent from the mass spectrum of the authentic methyl p-hydroxyoctadecanoate, 
TMSi ether while it is very strong in the authentic z-compounds. The a- and @- 
isomers were not separable on this GLC column but from the mass spectra it is 
obvious that both isomers are present. Indeed, in the spectrum of the TMSi derivative 
of the C2. compound from the sediment the m/e I75 peak (indicative of the f3-hydroxy 
compound) is considerably smaller than the M-59 peak (I 1 “/d54%) implying that 
the a-isomer is dominant. To further examine the monohydroxy acid fraction, an 
aliquot of the sediment extract was chromatographed (TLC) and the two fastest 
hydroxy ester bands were removed from the plate and examined separately. The 
GLC traces of these fractions as their TMSi derivatives are given in Fig. 5 and the 
summation of the relative amounts of the a- and p-hydroxy acids given in Table 4. 
The parallel distribution of chain length with the fatty acids can be seen by com- 
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FIG 5 GLC of the trtmetbylsily~ ethers. methyl esters of frccfrons @am prcparatrvr TLC 
(etber:%exacjmetbanol, 40: 10: I) of Estbwattc Wafer salimenf bydroxy actds itlusfrating 
charn length dtstnbution of the ct- and B-hydroxy acids. A. TLC band R, 04W% E). TLC 

band R, U56 072, GLC condttlo~s as in Fig 3. ldcntitia as m Tabks 3 and 4 
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parison with Table 1. The retention indices of the C,, and C,, compounds dtd not 

come in the series of the other a- and g-hydroxy compounds, whose retention indices 

could be compared to authentic methyl B-hydroxyoctadecanoatc, TMSi and methyl 
z-hydroxyhcxadecanoatc, TM!%. The C,5 and C,, compounds, therefore, are 
branched, most probably the iso- or antetsostructures. 

The o-hydroxy compounds were also determined on the basis of the mass spectra 

and retention indices of the methyl ester. TMSi ethers; as was the 10,16-dihydroxy- 

hcxadecanoic acid. 
The above acids were obtained by basic hydrolysis (KOHimethanol) followed by 

acid extraction. In an attempt to see if the z- and g-hydroxy acids and the cutin and 

suberin acids could be differentially extracted, the sediment was first demineralized 
(HCI;HF) and then extracted with methanol to give a fraction (I). The residues were 

briefly extracted with methanolic potassium hydroxide to give another fraction (II) 

and the residues were then subjected to exhaustive alkaline hydrolysis (5?,;, KOH/ 
methanol) under reflux to give a third fraction (111). Examination of the three fractions 

revealed no clear cut advantages for this method as compared with the previous 

extractton procedure with respect to the aliphatic hydroxy acids. Indeed, it sezmed 
to give a much more complicated mixture. On the other hand one major difference 

emerged : fraction III is composed almost exclusively of what appear to be aromatic 

acids. one of which has been identified (GLC and mass spectrum of its methyl ester. 
TMSi compared with those of an authentic standard) as p-hydroxybenzoic acid. As 

these acids are outside our present field of interest they were not examined further. 

DISCtJSSION 
The composition of the fatty acid fraction (Table I) as found in this sediment is 

very much as expected for Recent sediments, although the bulk of previous work 
refers to marine environments. I2 The most abundant acid is the saturated C,,, 
while in living organisms the most prominent fatty acids are oleic. linoleic and 
palmitic. The unsaturated acids are evidently removed rapidly from the sediment by 

some non-reductive process, i.e. one that does not give stearic acid. The carbon 
preference index (CPI)” is high (I l-2) as would be expected for a young sediment, 

whereas ancient sediments show CPI’s approaching unity. One surprising feature 

in the present results is the absence of observable amounts of isoprenoid acids, which 

are already known to make up a significant proportion of the acids of an Eocene 
lacustrine sediment.” Branched acids, iso and anteiso are present, however, and, as 
previously suggested, they probably represent microbial metabolites.lO* ” 

We have previously reported the presence of a,o-dicarboxylic acids in an ancient 
sediment, Torbanite” (Carboniferous) and this has since been extended to the 
Green River Shale (Eocene). “.” Diacids of moderate chain length are found in 
certain plant waxes” and in cutin”*’ but these sources are probably inadequate 
to explain their presence in the Esthwaitc core (Table 2) and other sediments in such 
large amounts. Bacterial oxidation of fatty acids is known to produce diacids” but 
it seems more likely that they derive from the oxidation of the o-hydroxy acids that 

are prominent constituents of this sediment (Table 3). This is suggested by the 
parallel distribution of the chain lengths of the diacids and o-hydroxy acids, with 
large Cz2, moderate C,, and Clo, and lesser amounts of C,,, and Cz4. 

The presence of a- and g-hydroxy acids in the sediment was unexpected. Such 



Gas chromatographlc-mars spcctrometnc studla of long cham hydroxy aads- II 5937 

acids have been found in waxes’” but not in such large amounts and only in the 
chain lengths C,,,. C,,. We conclude that these acids are derived from the fatty 

acids by rz- and fl-oxidation. This conclusion is based on the wide variation in chain 

length (C,O -X1,) and the parallel distribution of chain lengths of the (I- and f3- 

hydro,y acids and the fatty acids. The survival of these acids over even a relatively 

short period of geological time is surprising and so far inexplicable. It is possible, 

of course, that these compounds are derived from modem bacteria digesting the 
ancient sediment. The classical method of distinguishing ancient and modern 

materials, radiocarbon dating, is not applicable in this case since the fatty acids and 

their oxidation products would show an ancient date even if recently oxidized. To 

our knowledge this is the first isolation of such a long series of z- and b-hydroxy 

acids from any material, although shorter series of z-hydroxy acids have been 

reported46 It is certainly the first from a geological sediment. The widespread 
occurrence of z- and B-oxidation systems” when taken with the present finding of 

the entire range of a- and P-hydroxy acids is strong evidence for z- and p-oxidation 

as important pathways of degradation for fatty acids in biological and, now, geo- 

logical systems. 

The acids which occur as common components of suberin. i.e. o-hydroxy C,, to 

C,, acids, are present in this sediment in approximately the same relative proportions 

as in modern plants.” Suberin occurs in the cork layer of the woody parts of many 

plants and is closely related in composition to the cutin which makes up part of the 

cuticle of leaves and fruits.” Both materials are principally composed of interesteri- 

fied mono-, di-. and trihydroxy fatty acids but differ in that the suberin acids are 

usually of longer chain length and have a higher proportion of diacids. Cutin acids 

are characterized by the almost complete dominance of C,, and C,, chain lengths 
and the apparently ubiquitous presence of 10.16dihydroxyhexadecanoic acid.” The 

particular cutin acids which are present in this sediment, i.e. lO.l6-dihydroxy- 

hexadecanoic, o-hydroxyhexadecanoic, and o-hydroxyoctadecanoic. are significant 

in the light of the known species variation in cutin composition.” However, little 

can be said specifically until a larger number of plants have &en examined. The 
acids will evidently survive geological condittons, at least for a short time. A study 

of cutin compositions of those particular plant species, the remains of which arc 

suspected as components of a sediment, should permit geochemical deductions as 

to the botanical composition. The parameters that may be called upon include the 

presence (e.g. 10,16dihydroxyhexadecanoic, o-hydroxyhexadecanoic. and o- 
hydroxyoctadccanoic acids) or ab&nce (e.g. 9,10,18-trihydroxyoctadecanoic acid) of 
certain acids and their relative proportions. Unsaturated hydroxy acids, such as the 

o-hydroxyoctadec-9-enoic acid and o-hydroxyoctadeca-9.12dienoic acids are 
important3’.” constituents of certain cutins and we have yet to determine whether 

these compounds might survive over long periods of time. Cutin acid composition 

might be of more use in examination of specific fossil cuticles, for example, the 
Indiana Paper Coal.” than in generalized sediments which are usually a mixture of 
a variety of plant spectes. It could be a useful adjunct to such classical techniques as 
pollen analysis. 

The occurrence of aromatic acids, such as phydroxybenzoic, is not unexpected as 
they arc common metabolites,” especially as constituents of lignin. No attempt in 

the present study was made to further identify these compounds. 
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We do not ascribe geological significance to the methoxy fatty acids herein 

reported. These acids are most likely derived from the corresponding hydroxy 

compounds during methylation with diazomethane. This possibility is suggested by 

their chain length distribution which parallels that of the hydroxy acids. Diazo- 
methane is known to methylate alcohols when catalysed with Lewis acids” such as 

ZnCI,, MgC12. and FeCI,, as well as the more commonly used BF,. Acidified FeCl, 

is soluble in ether” and hence its presence is to be expected in the ether soluble 

acid fraction. 

Ft(; 6 GLC trace of an actdtc fraction (III) containing aromenc hydroxy actdr (as methyl 

esters. TM% ethers) from Fsthwatte Water scdtment. Conditions as tn Ftg. 3. 

EXPtRlMENTAL 

GLC traces were obtatned wtth a Pcrkm Elmer F 1 I gas chromatograph cqmppcd wtth a COIM statnlcss 

steel column (IO’ x fa”) packed with 3’; SE 30 on Gas-Chrom Q (coated by Applied Sctena) which 

tested for 4700 theorcttcal plates with n-tctracosanc at 2OOC and 30 psi N, press. Rctentton indtm were 

dctermtncd by comJccttng standard n-alkancs with the sample. the measurements being made on traocs 

from normal Icmpcraturt programmed operation. 

Mass spectra were determined on an LKB 9OCQ combmcd gas chromatograph--mass spectrometer 

opcrattng at 70 eV and using a 3 m x 3 mm Ir.d ) co~lcd glass column packed with I f. SE 30 on rcld 

washed and stlantzcd Gas-Chrom P 731s column tcsrd for 3360 theoretical pla~cs wtth n-pentadccanc 

at loo^. The helium flow rate through the column was 30 ml;mtn. The GLC trace was given by the total 

ton current at 2OcV The scan time was 2 seconds per mass decade The background mass spectrum for 

SF .30 was subtracted from each mass spectrum. Only a few background peaks were evident tat m,? 147, 

207. 221. 2gl. 341. 355. 429. 503) and they dtd not amount IO more than I -2”, rclattvc intensity Peaks 

wtth a rclatrvc mtcnstty greater than 1 a0 were tabulated 

All solvents were of AnalaR grade and were drsttlkd at atmospheric pressure through a column (I m) 

packed utth glass hcl~ccs and cqu~ppal with a rctlux.rctum head 

Srdmtnr CO/~-non. The core was collcc~cd tn October IWS by F. J H. Mackcrcth of the Freshwater 

Biologtcal Assoctattonx’ It was GUI Into dtflcrcnt layers and then thoroughly dried at 50’ for 48 h The 

dtgcrcnt layers were srorcd tn trghtly closed vessels at room tcmp and work was started on the one con- 

cerned here tn May 1967 

Pulwrtzarton and drmrnrrolirorron The dried scduncnt was broken into smaller lumps and crushed in 

a Tcma mtll (I 7 mm) The powdered scdtmcnt (100 g) was treated with 6N HCI (90 ml. room temp. for II hJ 

and 40”, HF (%I ml. room temp. 4 days) tn a Teflon contatncr The mixture was tiltcrcd and washed with 

water. The rcrdtc aqueous extract was thoroughly extracted with ether and rhc ether phase added IO the 

wet dcmmcraltzcd scdrmcnt. 
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Hyddrolyru and txwocrlon o/tfher-solublr ocrdjrawon. The combmal wet dctnmerahLcd scdtment and 

the ether extract of the washmgs were heated under reflux wtth mcthanoltc KOH (3 OO. 250 ml. 48 h) The 

hydrolysed mtxturc was actdtftcd to pH 2 wtth SN HCI and the supcrnatant removed. concentrated to 

100 ml and extracted wtth ether (5 x SOml). The soled restdues were ultrasontcally extracted (Dawc 

Ultrasonic Tank. Type I 165) wtth McOH (3 x u)o ml) and the McOH extract then comhmcd wtth the ether 

extract and concentrated under vacuum The combmed extracts were rehydrolysed (to Itberate any acids 

converted to methyl esters dunng HCI:McOH extractton) wtth refluxmg mcthanoltc KGH (60/,. ltW)ml. 

3 h) The mixture was thrn dtlutai wtth water and washai wtth hexanc (2 x 2OOml) to remove neutral 

lipids The mtxturc was then actdlfted with 3N HCI and extracted with ether (2 x 100 ml) The ethereal 

extracts were evaporated and ueotroptcally drtcd wtth benzene to gtvc the ethersoluble actd fractton 

(1.21 8). 

Est~r~ficotmn and srpururton oj csttr jracrtons. The ether-soluble actd fractton was cstcrtficd by treat- 

ment wtth excess dnuomethanc tn ether An altquot of the crude methyl ester fraction (45 m8) was prc- 

yrattvely thtn layer chromatographcd on s~hca gel HF 2,. ft Merck) (0 25 mm Y Mcm x 2Ocrn) tn 

ether hcxane:mcthanol (40: IO: 1) Two bands were colkctcd. A (R, = 005 0 73) and B (R, - 0 73 - 

IW In thtr solvent system the methyl esters of carboxyltc acids showed the followmg R, values mono- 

basic actds. 094. dthaslc acids. 085. wehydroxy acids. 060; dt- and trthydroxy acids. < 06.” Band A 

wctghcd 22 mg and band B. 12 mg (48”. .tnd 27”, of the ether soluble actd fraction. respcct~vely) 

Non-hydrory methyl estrrs Rand B US again prcyrattvcly thm layer chromatographcd on silica gel G 

(0.25 mm x 2Ocm x 20cm) wtth hexanc,ethcr (95.5) The plate was sprayed with aqueous Rhodammc 

6G tOt3005”,) and two hands were removed. hand B(I) (R, 0 12 - 024. 2mg. dtcstcrs) and band Bfu) 

(R, 0.42 - 065. 3 9 mg. monoesters) and an ether soln of each passed down a short column of neutral 

alumma tto remove Rhodamme 6G) 

‘The two concentrates were then exammcd by GLC f’lablcs I and 2) and GC-MS. fhc GC-MS trace 

of band B(I) IS gtven In Ftg IB and of band WII) tn Frg. IA Mass spectra for one peak from each arc 

given m Fig 2 

IfJdroty methyl PJ~US (a) The entue sample from band A was trcatcd wrth bts(trtmethylstlyl)acetamtdc 

(BSA) to give the trtmcthylstlyl (THSI) ethers. ” The mass spectra and GLC rctentton times were then 

determmcd on the components of thts fractton (Figs. 3 and 4, and Table 31 

tb) An altquot t3Omg) of the crude methyl ester fractton was thin layer chromatographed on stltca gel 

l)F *,, (0 25 mm x 2OOcm x 2Ocm) In cther,hexanc methanol f40.10 I I Bands were vlsualtzcd under 

UV hght and thor running at R, - 047 - 056 (band A(I) and) U, 7 0 56 .. tJ.72 (hand A(u)) were 

collected and cluted wtth ether Each fraction was then treated with BSA to make the trtmcthylstlyl cthcrs 

and mass spectra and retention times dctcrmmed ‘The two fracttons were d~lutcd to the same volume 

and thus areas under GL<’ peaks could be added In compiling the datd presented tn Tabk 4 

tc) To the powdered scdtmcnt flop) was added tirst. 6N HCI (25 ml. 3 h) and then 4O”%, )lF 125 ml. 

3 days) The mtxturc was filtcrcd and uaxhed wtth uatcr The motst scdlmcnt was then extracted in a 

soxhlct for 24 h wrth McOH Tbc methanol extract (265 mg) up)n hydrolyses (3”, KOII MeOH. 6 h 

rcflux). acrdtftcatton. htcarbonalc cxtractton. and rcactdtticatton. folloucd by extractron wtth ether gave d 

crude acrd fractton f29mg). Thts maternal was mcthylated with dtalomcthanc and the hydroxy ester 

fraction (W, = 005 - 0 go. I4 0 mgl was ohtamcd by prcparattvc 1 I.<‘ Thts fractton was mddc Into the 

THSI ether\ ulth BSA dnd wit\ then tcrmcd frartlon I tmcthyl cs~crs. )MSI ether\) 

IS”,. I Xl ml. 4 hr) and then crhdustrvcly crtractcd wtth cold MeOIl I’hc catract was trcatcd a\ above. 

yrcldtng the hydroxy ester fraction I 14 3 mp) uhtch was trcatcd utth BSA to gtvc the methyl esters. TMSI 

ether\ of fractton II 

‘The wdtment rcstduer were then rellurcd with mcthanoltc KOH (5”“. 24 hr) and cxhausttvcly extracted 

utth cold McO)i lhc hydroxy cstcr fractton (14.5 mg) uav obtained in the UUUI manner dnd trcatcd 

with HSA to gtvc the methyl esters. ‘I’WG cthcrs oi fraction III A CiLC tract of thts fraction IS gtvcn In 

Ftp 6 
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The LKR 9000 US chromaronraoh mass socctromctcr was ourchascd wth a ecncrnu< want IRSR.?J9X 


