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ABSTRACT

e et

This thesis investigates both the occurrence of pentacyclic triterpene

hydrocarbons in the Green River shale and pertinent analytical topics.

The introduction gives a concise summary of the scope, implications and
limitations of organic geochemistry. The biogenesis, biological occurrence

and known organic geochemistry of triterpene hydrocarbons are also revieuwed.

The discussion describes the collection and characterisation of
standard triterpene hydrocarbons necessary as an analytical aid, including
an investigation into the use of osmylation as a method for detecting un-
saturation in a triterpene. The development of a micro-sublimation block as
a further assistance in the accurate characterisation of triterpenes is also
described., The distribution of naturally occurring pentacyclic triterpenoids
is presented both in tabular and text form in an attempt to clarify possible
chemotaxonomic relationships of triterpene hydrocarbons isolated from geologic-
al environments. A description of the isolation, separation and fractionation
procedures applied to the total lipid fraction of the Green River shale is
followed by a discussion of the mass spectral cracking patterns of

triterpenes.

Several steranes/triterpanes and one tetraterpane were isolated from
Fraction 1 (see flow diagram). Confirmation (based on mass spectral evidence)
of the occurrence of cholestane, sitostane, ergostane, gammacerane and
carotane can be made. In addition, another triterpane, tentatively identified

as moretane, has been isnlated.

A series of hydrocarbons, postulated alkenyl benzenes, was isolated
from Fraction 2. Such compounds have previously been found in petroleum,
but have not been isclated from sediments. In addition, an unsaturated
triterpene hydrocarbon, as yet unidentified, was also isolated from this
fraction. The presence of this compound supports the hypothesis that saturated
triterpenes present in sediments may be formed by reduction of the correspond-
ing alkene, itself formed by dehydration of the blologically common oxygenated

triterpenoids.
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INTRODUCTION

Organic Geochemistry

Two quite different chemical approaches are used to investigate the origin

of terrestrial life and to estimate the time of its first appearance.

Certain experiments, simulating prebiotic conditions by treating gaseous
mixtures of methane, water and amonia (the presumed primitive atmosphere of

3,k,5,6

the Earth?) with ifonising radiation2 or an electric discharge show
that a wide variety of small molecules of biological significance can be
formed by abiogenic means. The range of organic compounds which have been

2,3,k,5,6 7,8,9,10,11

. . . . 2 . .
synthesised includes amino acids , sugars , nucleic-acid bases y

alkanes]z’]'3

and carboxylic acidslh, all of which are constituents of contemporary
organisms. Feasible laboratory techniques and conditions, whereby the simple
monomers formed abiotically can polymerfse to form the biologically essential
polypeptides, polysaccharides and polynucleotides have still to be devised.

Only then can the formation of a molecularly complexiyet biologically simple

self-replicating system be investigated.

However, a different primitive atmosphere has been postulated by Matthews
and Moserls. The authors suggest that only methane andammonia were present
in the atmosphére, to the complete exclusion of water. It was found that in
the laboratory the action of a spark-discharge mechanism on this binary
mixture produced a tar which was shown by analysis to contain several peptides.

Only on strong hydrolysis were amino acids liberated.

The geological approach utilizes the record in ancient sediments provided
by the morphological remains of organisms whereas the geochemical approach is
an examination of the chemical nature of the indigenous organic matterBJ7’]&19.
The latter aspect of this approach is given the name organic geochemistry, a
broad definition of which would be the study of the 6rganic matter in
geological situations. The object of this more specific approach is to
deduce information pertaining to the chemical and biological evolution by an
organic geochemical analysis of sediments which have undergone minimal
metamorphosis. More succintly, an answer is required to the question, ''what

is the oldest sediment in which the presence of organic compounds of biogenic

origin can be detected?"

-



The organic compounds, whose presence in sediments is regarded as meaningful,
are known as biological markers. They must satisfy two main provisos; they
must be stable over geological time and they must be incapable of having been
formed in significant amounts by simple abiogenic processes, such as the

primitive atmosphere experiments described above. Alkaneszo’26

21,22,23,24

, long chain
fatty acids and porphyrins25 have been used as biological markers
since they possess biogenically conferred characteristics which make their

isolation from a sediment meaningful to the organic geochemist.

A biological marker should therefore be of biogenic derivation and should
have a high structural specificity which, of course, arises from their enzyme-
catalysed biological synthesis. If such a molecule possessed asymmetric
centres, optical rotation would result. However, .the optical activity of a
molecule may be destroyed by diagenetically induced isomerisation under the
effects of elevated temperature and pressure. Conversely, optical activity
may be created by the action of a micro-organism acting stereospecifically
on a racemic mixture of an organic compound during deposition of a sediment,
resulting in a residue of one of the enantiomers. Also, biological markers
should be of a size and complexity such that the probability of their being
formed abiotically is negligible. The more complicated the structure of a
molecule, the lgss likely is its formation by the random, non-directed

processes associated with abiogenic syntheses.

26,27

,the steroid and triterpenoid

23,24 25

Thus the acyclic isoprenoid hydrocarbons

28,29,30,31

hydrocarbons » the isoprenoid fatty acids and the porphyrins

are suitable as biological markers. Hydrocarbons persist as biological
markers, despite the abiogenic synthesis of certain types by Ponnamperumal3.
The synthetic hydrocarbons were seen by gas=liquid chromatography to have a
continuous distribution unlike naturally occurring hydrocarbons which have
been shown to have a periodic carbon number distribution. The hydrocarbons
formed appeared to contain no normal or branched alkanes and were shown
chemically to be highly unsaturated. In the Fischer Tropsch conversion of
carbon monoxide and hydrogen into alkanes and alkanes etc. the distribution
of the alkanes differs from the distribution of the alkanes in sediments20,

In the opinion of Marten et a]32, a preponderance of normal alkanes suggests

a biogenic origin.






The use of the isoprenoid hydrocarbons pristane (1) (2,6,10,14 =
tetramethylpentadecane) and phytane (11) (2,6,10,14 - tetramethylhexadecane)
as biological markers would, superficially, appear rather incongruous since
there is only one reference to the author's knowledge which records the isolation
of pristane from a Recent sediment. There is no recorded occurrence of phytane.
This leads to a strong presumption that pristane, phytane and the lower

molecular weight isoprenoid hydrocarbons isolated from geological samples are

formed during diagenesis by the degradation of the phytyl side chain of ch]orophy]l34.

Johns et 3133 have suggested that the Cig9 (1). €18 and Cjg isoprenoid hydrocarbons
result from cleavage of the double bonds in the phytenes, (111, 1V and V), which

are formed in turn during sediment compaction. Other possible sources of geological
pristane have been suggested, namely by decarboxylation of the naturally occurring,

though rare, phytanic acid35’36’37’38’39

» or by the actual presence of discrete
" pristane at the time of deposition of the sediment, as a result of its isolation

from a number of marine sourcesho. The Cpp isoprenoid hydrocarbon, phytane, is
not a common constituent of living organisms yet the doubly unsaturated
phytadienes (VI, VIl and VIil) have been isolated by Blumer and Thomas from
zooplantonhl. These could, quite foreseeably, give rise to phytane by the

as yet unsubstantiated process of geological reduction.

As further evidence for the appearance of pristane and phytane only during
diagenesis, it should be noted that neither pristane nor phytane have been
isolated from the Brown Coal of Germany’*2 (~ 30 x 106 years), a Recent sediment
which is relatively unaltered and which consists of plant debris. However, in
the 6reen River shale, which has undefgone somewhat more extensive metamorphosis,

26

pristane and phytane predominate the branched/cyclic alkane fraction®”.

Long chain fatty acids, amongst other types of compounds, have been shown
to form in nature by the polymerisation of acetate units utilizing an acetyl
co~-enzyme A starter molecule with chain extension by malonyl co-enzyme Ah3.
This results in the fatty acid molecule having an even number of carbon atoms.
It is postulated that plant n-alkanes are formed by decarboxylation of the
fatty acids, resulting in an odd number of carbon atoms in the hydrocarbon
This is held to account for the fact that normal alkanes isolated from a

il b5

living plant normally show an odd/even carbon number preference The

odd/even preference is retained in recent sediments such as the Green River
shale20 but older sediments do not in general, show this preference

Johns et a133,among$t others, take this as an indication that the odd/even

carbon number preference of normal alkanes is unsatisfactory as a mark of a

biological origin for the saturated hydrocarbons in older sediments.




I't should be noted, however, that the characteristics necessary for a
molecule to be a biological marker are not possessed by all the biologically
important molecules.  For example, amino acids cannot be used, since they
have been shown to form in the primitive atmosphere experiments mentioned

above.

Organic molecules are known to undergo structural changes after
deposition by the processes of maturation and diagenesis. One method of
investigating the molecular changes is to compare the structures of certain
compounds or the distribution of classes of compounds in a sediment or
fossil with the structure and distribution of contemporary biological

L7

compounds. Such a correlation has been made by Mair'’ who postulates that
the naturally occurring terpenoids could have been geochemically altered to
‘produce most of the hydrocarbons containing benzene and cyclohexane rings

found in crude petroleum (and sediments).

Another quite different approach to the same problem involves the
"simulation of diagenesis under laboratory conditions (geogenesis).
Douglas et 3148 have carried out such a process on a sample of Green River
shale (Eocene, 60 x 10 years). By investigating the difference in alkane
and alkene distribution after pyrolysis at 500°C, the authors suggest the
alkenes and alkanes are in all probability geogenetically related, with
the important proviso that their results may be transferred to reactions

at much lower temperatures over long periods of geological time.

Eglinton et a1,26 suggested that the presence of pristane and phytane,
the Cig and Cyq acyclic isoprenoid hydrocarbons, in the Green River shale of
Colorado and the Nonesuch shale (Precambriam, 1 x 109 years) of Michigan
might be considered as evidence of a biological origin for these sediments.
A survey, more comprehensive in both time scale and in type of organic deposit,

33

has been carried out by Johns et al, The authors isolated, along with
other compounds, isoprenoid alkanes from the Soudan shale of Minnesota
(2.7 x 109 years), the Antrim shale from Michigan (265 x 106 years), the
San Joaquin oil (30 x 10° years), the Abbot Rock oil (3 x 10° years) and

the Nonesuch Seep oil (1 x 107 years).

The occurence and isolation, but not the identification of three biogenic
~steranes and one biogenic pentacyclic triterpene in the Green River shale and
. 8 cecs

in the Soudan shale is reported by Burlingame et al?®.  The difficulty of

unequivocal identification is a general pfoblem in the analysis of steroid




and triterpenoid compounds isloated from sediments, since the quantity

9

available of any one component is of the order of nanograms (1077 gram).
This means that without repeated collections and concentration of a
particular compound, the only analytical technique readily available
is mass spectrometry. However, as is illustrated by Karliner and Djerassi49’50,
the mass spectra of triterpene hydrocarbons within the same structural group
are very similar. Definite identification by mass spectrometry is therefore
difficult and generally involves a direct comparison of the unknown mass
spectrum to that of a known, pure compound3].’

Improved techniques for the detection and identification of organic
molecules in sediments enable the analysis of relatively minor components.

The explanation of the presence of such entities is generally uncertain.

In the Fig Tree shale (3.2 x 107 years) aliphatic hydrocarbons are
present in very low concentrations (0.003-0.15 ppm)Sl c.f. (18-400 ppm)33,
nsufficient data exists to ascertain whether or not the hydrocarbons date
from deposition but preliminary treatment of the sample precludes any
possibility of the hydrocarbon being surface contaminant. However, entities
have been found in the Fig Tree shale having the morphology of fossil
bacteria and possibly algae; consequently the hydrocarbons may result from
bacteria or aléae.

33, suggesting

Pristane is present in the sea in relatively large amounts
that it could be present in sediments during deposition and need not only
appear during diagenesis. Thus pristane may occur in sediments from two
biogenic sources, either by degradation of chlorophyll or by its inclusion
as a specific entity. In addition, although pristane has never been known

86,51

to occur abiotically, certain branched hydrocarbons, including

2.methy]butane87 and other isoprenoid hydrocarbons, can be synthesised by
Fischer-Tropsch processessz.

A discussion on the role of contamination and metamorphism and on
whether hydrocarbons are indigenous in Pre-Cambrian sediments is given by
Hoering®3 .  Similar questions were raised by 0r089,90 when, in an analysis
of meteorites for aliphatic hydrocarbons, he found that carbonaceous
chondrites gave the same al iphatic hydrocarbon chromatographic patterns as
naturally occurring mixtures of terrestrial isoprenoid and other aliphatic

hydrocarbons. Ornans, another meteorite, contained no isoprenoid
hydrocarbons whereas Orgueil and the non-carbonaceous chondrites generally
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contained but little. The conclusion reached was that more work was
required to decide whether or not the hydrocarbons were in fact a

result of terrestrial biological contamination.

Obviously doubts such as these must be resolved before any attempt
is made at a total organic analysis of a lunar sample with the purpose,
along with others, of deciding whether 1ife as it is known on earth,

namely, based on the carbon atom, has ever existed on the moon.

Triterpenes - Genesis

As stated above, a biological marker is only of value when there is
the maximum possible probability of it having had a biogenic origin.
Pentacyclic triterpenes have a high structural specificity and their
size and complexity is such that the possibility of their abiotic
formation is negligible. The biogenesis of terpenes was originally

54

explained in terms of the isoprene rule’’ which simply invoked the
concept of regular polymerisation of 2-methyl~but-2-ene units to produce
the required length of acyclic polyisoprenoid.' However, Ruzicka and
Jeger55, found that the structure assigned to lanosterol, if it were

correct, could not possibly be accounted for by the isoprene rule. This
led to the formulation of the biogenetic isoprene rule by Woodward and

57

Block™", and By Ruzicka56, which in effect is merely and extension of the
isoprene rule. Cyclisation of an acyclic precursor by means of antiplanar
1 : 2 additions and associated 1 : 2 eliminations, is preceded by conform-
ational folding of the polyusoprenoid and may or may not “e followed by

1 : 2 rearrangements involving hydride and/or methyl shifts. The
biogenetic isoprene rule is based on the enzyme catalysed condensation of

58

acetate derived units

~ The biogenesis of triferpenes is explained by a preliminary
condensation of three acetyl.co-enzyme A molecules (I1X), which form,
after cyclisation,mevalonolactone (X). Basic hydrolysis of this ester
produces two free hydroxyl groups which are successively esterified by
inorganic pyrophosphate. These excellent leaving groups facilitate the
formation of isopentenyl pyrophosphate (X1), some of which by acid

catalysed isomerisation produces dimethylallyl pyrophosphate (XI1).

The structural isomers are postulated to then condense to produce
geranyl pyrophosphate (XI11), which on further condensation results in
farnesyl pyrophosphate (XIV). The last stage, involving a quite

different tail to tail coupling of two farnesyl units has been extensively
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studied by Cornforth et al”™, and results in the formation of the acyclic
triterpene squalene (XV) (Diagram 1). Additional references pertinent to
the development of poly=-isoprenoid biogenetic theory and dealing with the
biosynthetic verification of the theory by incorporating radicactive tracer
molecules in the metabolic pathways are given by Claytonl+3 in a comprehensive

two-part article.

Comparatively little work has been carried out on the biosynthesis of
pentacyclic triterpenes. However, labelled,B-amyrin has been produced
from labelled sodium mevalonate in the pea60, whilst Arigoni has achieved
similar success in the formation of soyasapogenol D by the sprouting soya

bean6], The pattern of labelling found in those cases is in agreement

with Eschenmoser's theory of the stereochemistry of the oxidative cyclisation
of squalene to triterpenes62. According to the theory squalene is folded
into a series of rings possessing incipient chair or boat conformations and
. attack by the equivalent of HO* then initiates a concerted process leading
to the triterpene with associated elimination of a-proton. When the
conformation of the squalene acyclic precursor is in a chair,ichair, chair,
boat form (XVV) (Diagram 2), the intermediate (XVII1) can result which by
el imination of a proton results in lupeol (Xvirit). 1 f, however, concerted
ring E en!argément occurs to give the ion (XIX) followed by loss of a
proton from C-18, germanicol (XX) results. Further concerted Wagner-
Meecrwein shifts, beginning with the ion (XIX) lead to taraxasterol (XXI1),

§ ~amyrin (XX11), B-amyrin (XX111), multifluorenol (XXIV), glutinol (XXV)
and friedelin (XXV1).

A different pattern of conformatianal folding of squalene can occur on
the enzyme surface where ring closure occurs to produce a chair, chair,
chair, chair series which leads to the hopane ring system, exemplified by
hydroxyhopaneme(XXV11). This is the simplest, biogenetically speaking, of
the pentacyclic triterpenes and leads, by a series of non-concerted
rearrangements to the carbon skeletons of fernene (XXVII1) and adiantoxide
(xx1x). Should ring E be in a boat conformation the cyclic product is
the 21a (H)-hopane derivative moretenol (XXX). Using the same ring system
fernene and adiantoxide can be explained by a concerted = clisation mechanism.
The occurrence in nature of triterpenoid hydrocarbons raises an interesting

biogenetic point. Are they formed directly from squalene by a cyclisation
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process initiated by H or do they result from the reduction of the
corresponding 38 alcohols? Recent results by Barton and Moss63 on

the enzymic oxygenation of lanosta = 8, 24-dienc to lanosterol have offered
experimental evidence for the possibility of an H initiated cyclisation.
The pentacyclic division of triterpenes may be further subdivided into
seventeen systems on the basis of structural differences in the carbon
skeleton. This biogenetic classification, employed by McCrindle and

65

Overton ~, takes into account both the position and orientation of the

methyl substituents (Table 1).

Triterpenes = Occurrence

Oxygenation, a feature of nearly all naturally occurring pentacyclic
triterpenes is thought to occur in the course of biosynthesis after the
initial oxidative cyclisation and associated rearrangements. In a review
article on pentacyclic triterpenes, Halsall and Aplinél+ note that the more
sophisticated techniques of separation and analysis now being applied
should allow the isolation and characterisation of compounds present in
quantities much less than had hitherto been necessary. For the same
reason, the authors think that an investigation of more highly oxygenated

species and an overall more systematic examination of plants is now possible.

The structures of all the known naturally occurring pentacyclic

65. An

triterpenes are given in a review article by McCrindle and Overton
earlier review names the plant families from which the pentacyclic
triterpenes have been isolated. The occurrence of steroids and

triterpenes in nature is briefly summarized below. (see Page 18).

Triterpene hydrocarbons occur only rarely in nature and have been
isolated from only two plant families. Bruun66 isolated a triterpene

hydrocarbon‘from the lichen Cladonia deformis Hoffm. The triterpene,

of the B-amyrin group, was shown to be taraxarene (XXX1) which differs

from its stereoisomer germanicene (XXX11) by having a CIS C, D ring

67

junction instead of trans. The rhizomes of Polypodium vulgare were

found to contain 0.4% of a mixture of three distinct triterpene

hydrocarbons, two of which, 9 (11) fernene (XXVI11) and 22 (29) Hopene (XXXi11)
are known to have a rearranged hopane and a Hopane skeleton respectively. The
third hydrocarbon,‘serratene (XXX1V), is of particular note since it is the
first triterpene hydrocarbon isolated which does not possess a hopane or
rearranged hopane skeleton. The authors suggest that serratene originates

from an ongceradiene (XXXV) precurson, itself formed by cyclisation of



squalene starting from both ends of the molecule.  The methanol. extract

of the fern leaves, Dryopteris crassirhizoma NAKAI (Aspidiaceae), was

68,6
found™ "’ 3 to contain two triterpene hydrocarbons, fernene (XXV111) and
diploptene (XXXII1). No less than five triterpene hydrocarbons, all
with structures explicable by the same biogenetic scheme, have been -

isolated7o inter alia, from the fern Adiantum monochlamys EATON (Adiantaceae).

The compounds present were identified as adianene (XXXVI), filicene (XXXVI1),
7-fernene. (XXXV111), iso-fernene (XXXIX) and diploptene (XXXI11).

Triterpenes - Organic Geochemistry

It is an accepted fact that biological compounds possess optical activity

L7

by virtue of their enzyme-catalysed stereospecific biosynthesis. Mair * and
Zahn et al’! have associated the optical activity of geo-biochemical detrital
material found in petroleum distillates and coal respectively with saturated
* pentacyclic hydrocarbons. Several authors72’z3’74 have suggested that

these polycyclic hydrocarbons may be steranes and triterpanes derived, under
the conditions of diagenesis, from naturally occurring steroids and
triterpenoids. This postulate appears quite feasible when viewed tn relation
to the common-:in vitro reduction of oxygenated triterpenoids as a method of
structural elucidation75. However, it appears that very young sediments

may contain a large amount of oxygenated triterpenes, although very few such

76

sediments have been examined for these compounds. Sorm and co-workers

have identified a wide range of triterpenoids in Brown Coal. Some of these
compounds are known to occur naturally (friedelin (XL), betulin (XL1) ) in
cork and birch bark’’ respectively.  Others, such as oxyallobetulin and

76’78. These results suggest

allobetulone have only been found in lignite
that certain oxygenated triterpenes are in fact structurally altered in a

geological environment whilst cthers remain unchanged.

According to fkan and McLean78, lignite is generally regarded as an
intermediate in the alteration of peat to coal and is believed to be a
precursor of cannel coal. Their examination of peat produced only one
identified triterpenoid structure, friedelan-3 B-ol (XLlI), whereas
lignite was shown to contain betulin (XL1), allobetulin (XLI111),
oxyallobetulin (XL1V), allobetulone (XLV1) and oxyallobetulone (XLV).
The subsequent stage in the geological sequence produced cannel coal
which has not been found to contain any triterpenoids. This sequence

would suggest an initial proliferatioh of triterpenoids, followed by
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their alteration to other compcunds possessing non-triterpenoid characteristics.
The latter type of compound may well be the partially or fully aromatised

pentacyclic carbon skeletons of the triterpenoids. Jarolim et al76 have
isolated from Brown Coal two such compounds of the allobetulin type and

one hydrocarbon, 1, 2, 3, 4, ka, 5, 6, 14b - octahydro - 2, 2, ka, 9 -
tetramethylpicene (XLVIL).
79

Barton et al have identified triterpenoids in petroleum and
Carruthers and Cook80 have isolated such compounds from crude oil. The
partially aromatised pentacyclic compound 1, 2, 3, 4 -tetrahydro-2, 2, 9, -
trimethylpicene (XLVII1) has been isolated from a crude oil by Carruthers

and Watkinsgl.

The occurrence of saturated triterpene hydrocarbon (triterpanes) in
petroleum distillates has been shown by Hills and Whiteheadsz. Identification
of the hydrocarbons has not yet been completed but it appears that two
compounds isolated are C3p pentacyclic triterpenes, one is a nortriterpene
and one is a trisnortriterpene. The same authors,.in conjunction with
Anders et al3] have identified an optically active triterpane, gammacerane (XL1X),
in Colerado shale oil bitumen. The isolation of this compound was initially

30

carried out by Cummings and Robinson In a preliminary report,
Burlingame et.al28 describe the isolation of three steranes and one triterpane
from the Green River shale, although these compounds were not obtained in a

pure state.

In a hydrocarbon analysis of certain samples from the Scottish Carboniferous
Formation (250-300 x 106 years), Maxwe1183 isolated two pentacyclic

triterpanes, one a nortriterpene of molecular formula 029 H50, the other a

triterpene of formula C30 H52'

The discovery of fully saturated triterpene hydrocarbons in sediments has
led to the search for unsaturated triterpene hydrocarbons since their direct
formation from oxygenated precursdrs is quite feasible. Douglas et alh8
suggesf that the formation of alk-l-enes under pyrolysis, may involve, inter
alia, the dehydration of an alcohol or the decarboxylation of an acid or an
ester. The authors suggest that the effect of pyrolysis on certain compounds
under Taboratory conditions can be directly correlated with the diagenetic
alterations undergone by the same type of cohpbunds. It would appear
feasible that more complex molecules (e.g. triterpenes) are altered in the

same way.
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The isolation of olefins from the Green River shales by lida et a184

85

and by Henderson - may be taken as a tentative verification of the validity
of the geogenetic approach and suggests that an investigation of the Green
River shale directed at the isolation of unsaturated triterpene hydrocarbons

may produce further evidence.

The geo-genetic mechanisms of alkene formation may well explain the
presence of unsaturated triterpenes in sediments, but it must be remembered
that there may be several naturally occurring unsaturated triterpenes which
have not yet been isolated or, alternatively, biogenetic pathways may have
altered in certain systems so that molecules naturally occurring at the

time of deposition are now absent from living systems.




TABLE 1

BIOGENETIC CLASSIFICATION OF TRITERPENOID STRUCTURES

Friedelane

1
‘.
'

1

Oleanane Bauerane

Filicane

Arborane

Multiflorane

3

Moretane

Serratane

VT

Neomatiane
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DISCUSSION

Collection and Characterisation of Standard Triterpenes

The direct comparison of the physical data of an unidentified triterpene
to that of a standard triterpene is an essential feature in the procedure
leading to identification of the compound. Close structural similarities
between members of each pentacyclic triterpene system, together with a
lack of any distinguishing functionality, result in the mass spectrum of
each being not fully characteristic except by direct comparison to that of
a standard. Fernene (4) and isofernene (6) have similar mass spectra
(m.s.1. & 2), but the former has a 9 : 11, the latter.an 8 : 9 double bond.
Differing only in stereochemistry, diploptene (3) (Cy; - B - isopropenyl)
and moretene (14) (C2)} - a - isopropenyl) also have mass spectra closely
resembl ing each other (m.s. 3 & 4). Since mass spectral analysis is the
prime identification method applicable to the small quantities of pure
compounds obtainable from geological samples, a comprehensive collection
of standard triterpenes is required for comparison; each being fully
characterised by mass and infra-red spectroscopy, melting point and
optical rotation.

The standard triterpene hydrocarbons (Table 2) were either isolated
directly fro& living systems or else synthesised from naturally occurring
triterpenoid structures. Characterisation of the reference compounds was
by their Rf. values on silver nitrate impregnated silica gel chromatoplates,
their micro infra-red spectra, gas-liquid chromatographs (g.1.c.) retention
times , and mass spectra. Literature values for the melting points and
optical rotations of the standards are also included in the table.

It is seen that the Rf. values cover a wide range, the highest being
approximately equal to that of an n-alkane, the lowest approaching that
of anthracene. The values obtained are obviously related to the position
of a double bond in the molecule, high Rf. values being recorded when the
-molecule contains a highly double bond. Such a relationship between the
location of unsaturation and chromatographic behaviour has been demonstrated
for the g.l.c. retention times of members of the hopane-zeorinane group9].
The results obtained, in the present work, for the retention times of
isofernene (6) and fernene (4) confirm lkekawa's finding that a
tetrasubstituted double bond shortens the retention time more than a
trisubstituted double bond does (13.65 and 15.75 minutes respectively).




CHROMATOPLATES

3 3
OO -
No. 1
O
(a) () (c) (d) (e) (F) (g) (h) (1)
|
0
No. 2 i.E

Developing solvent:=-

Visual izer <=

(a) (b) (c) (d) (e) (£f) (g) (h) (j)

100% n-hexaﬁe.

No.]‘ 5

No.Z ;3 50% HySOy and charring.

50% rhodamine/fluorescein.

5% Hg(N03)2.H20

10% Hg(N03), . Ha0

(a) C]7-l-ene (b) ﬂ}r taraxastene (c) lupene-I

(d) iso-=fernene (e) n-Cy5,Col (f) diploptene (g) fernene
(h) anthracene (i) Green River fraction 3 :

(j) Green River fraction 2.



CHROMATOPLATES

No. 3 10% mercuric acetat

L 10% mercuric acetatt

No.

J . 0

(a) (b)) (c) (@ (e} ()

Developing solvent: - No. 3 3 -100% n-hexane.
‘No. 4 ; 95:5 hexane:methanol.

Visualizer e 50% H»S0L and charring.
(a) Cyy-1-ene (b) Y -taraxastene (c) iso-fernene
(d)}n-sz,Czh (e) anthracene (f) diploptene.
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It would appear that thin layer chromatography (t.l.c.) Rf. values could
also be supplied to structure elucidation as lkekawa et al suggest for the
g.l.c., retention times 9]. The diversity of the Rf. values obtained
carries the implication that the conventional method of separating
saturated from unsaturated molecules, argentative t.l.c.,was not
applicable to pentacyclic triterpene hydrocarboné.

Since the presence or absence of unsaturation is a useful basic
criterion in the analysis of complex organic mixtures, a suitable method
of chrométographic separation, sensitive to hindered double bonds, is
desired. It was reasoned that, since AgNO3 t.1.c. was ineffective for
steric reasons, a smaller complexing ion could forseeably approach the
unsaturation sufficiently for a X - complex to form and thus effect the
required separation. The mercuric ion, Hg++(radius 1.10A° c.f. to

Ag+l.26A°) was thought to have the greatest possibilities and

consequently silica gel t.l.c. plates, impregnated with 5% and 10%
mercuric nitrate by weight were produced. Selected standards were
chromatographed on these plated, the developing solvent being 100%
n-hexane and the results obtained are shown in the diagrams (chromatoplates
1 & 2). It is seen that differential complex formation does occur but

the separation achieved is no better than that on AgNO3 t.l.c. and the
triterpenes containing hindered double bonds are not resolvable from the
alkanes.

Two further attempts at the chromatographic separation were made
~using mercuric ion derivatives. The first of these employed mercuric

acetate impregnated t.l.c. plates with 100% n-hexane as developing

solvent, the second attempted to invoke the use of methoxy-mercuri-acetate
complexes of the olefins. The t.l.c. plates were made in the accepted
fashion, the silica gel being impregnated with 10% mercuric acetate. The
first chromatoplate (chromatoplate 3) shows that mercuric acetate is
capable of complexing A - bonds but the required resolution of hindered
double bond triterpenes from alkanes is not obtained. The second plate
(Chromatoplate L) was developed in 95 : 5 hexane : methanol. |t was
realised that the 5% of polar solvent would raise the Rf. values considerably
but it was hoped that the effect of the methoxy-mercuri-acetate would more
than counteract this. However, the chromatoplate shows that the increased
polarity of the developing solvent has the controlling effect and no

separation was achieved.




It was also thought that better separation on AgNO3 t.l.c. might be
achieved if the chromatoplate were developed at a low temperaturc. The
results obtained with a plate developed in 100% n-hexane at -10°C differed

only slightly from those obtained at room temperature.

An examination of lkewawa's resultsgl clearly shows the relationship
between the position and steric hindernace of the double bond and the
consequent g.l.c. retention time of the compound. Although the location
of the double bond in a mono-unsaturated triterpene may be tentatively
determined by reference to the g.l.c. retention time and the t.l.c. Rf.
value as shown above, the specific position can only be determined by the
unequivocal identification of the compound. As has been mentioned
previously, the identification reliesto.a great extent on the comparison
of the unknown compound's mass specturm to that of a standard, but this
method becomes invalid when two triterpenes of differing structure have
similar mass spectrum. (e.g. o -lupene (11), m.s. 5 and diploptene (3)

m.s. 3).

Location of Unsaturation by the Introduction of Oxygenation

The localisation of a double bond in a molecule by analysis of the
mass specturm of the compound after oxygenation of the unsaturation has
been demonstrated by Wolff et al92, and by Aplin and ColesgB. The latter
authors describe a method for locating the position of unsaturation by
examination of the mass spectral cracking pattern ‘induced by introduction

of an epoxide group.

A similar principle, but employing an alternative oxygen function,
was applied to the triterpenes, o/ - lupene and diploptene, in an attempt
to achieve a clear distinction between them using mass spectrometry alone.
Such a process had previously been used by this group to locate
unsaturation in long chain fatty acids9 . In view of this, it was.

. decided that osmylation of the triterpene to produce a diol, followed
by formation of the trimethylsilylether, would give a product, the mass
spectrum of which would be meaningful with regard to the position of the

double bond.

Osmylation of a Diterpene Hydrocarbon

The osmylation method employed was essentially a scaled down version
of that used by Briggs for diterpenes 93, In this procedure, osmium



DIAGRAM 3

T.M.Si. ETHER FORMATION. .

R /R
So=c
R R
OsO{'
0
7
O/Os\o
R.I 1 R
L—C
R “R
s
Vv
H H
0
R (])/R
/C._.... C\
R R
8.5.A
Y
(giHS’a (CH3;
~ O/
R\ R
\C-— C/<
R” R
+
OSi(CHy )y
or
0

il )



)
'
C
. ‘

i

‘ “™OH
0SilCHg)y

of
[
‘

V11

0SilCH),
OSI(CH )3

/ (i‘\ 4
| > jm OSi(CH,),

/\
(\ /[\ ™ OoH
\J\) v “>0si{cH )

\

E (\f ositcry);
; ‘OH
Vi1

“0si(CHy)
N \‘OSi(CH3)3



tetroxide in ether is added to a solution of the diterpene in ether and
left overnight.  The ether is then evaporated and thke total residue
dissolved in benzene, prior to bubbling hydrogen sulphide gas through
the solution to hydrolyse the osmate ester. This causes a black
precipitate to form which is removed after centrifuging. The
trimethylsilylether is then formed by adding a small volume of

N,N bistrimethylsilylacetamide96 (Diagram 3).  The procedure described
was initially used in the present work with a diterpene, iso~kaurene,
which was adapted as a suitable control compound. However, the iso-
kaurene was found by g.l.c. to contain a major impurity, shown by

Appleton97

tp be an isomer, kaurene. Despite this complication, the
g.c.m.s. analysis demonstrated that four types of compound were formed,
during osmylation, in appreciable quantities. The starting material and
the major impurity have the structures (1) and (I1). The g.l.c. trace is

shown, (g.c.1.).

The products of lowest molecular weight (approximately 270) were not
assigned a structure. It was initially thought that the compounds were
merely unreacted hydrocarbons but the mass spectral cracking patterns
were completely different from those of the starting material (M.W. = 272).
The mass specturm of a product having a molecular weight of 360 was
obtained. This was assigned the possible structures, (111) or (1V),
obtainable by dehydration of the mon-ol, mono~T.M.Si. ether. Iso-kaurene
-and kaurene would each give only one such product since a removeable
hydrogen £ to the hydrogen is required. The major g.l.c. peaks were found by
mass spectroscopy to represent compounds of molecular weight 378. These
compounds are thoughf to be the mono=ol, mono-T.M.Si. ether, i.e. vicinal
diols in which 0n1y one hydroxyl group forms an ether linkage. Both kaurene
and iso-kaurene would each give two such compounds and in fact four peaks
on the g.l.c. traces give the expected molecular weight. (v, Vi, Vil, & VIIl).
A small amount of the vicinal di-ether (M.W. = 450) was formed (I1X or X). As
only one such peak was obtained, it cannot be determined whether kaurene or

iso-kaurene is the parent compound.

In all the cases describad, steric considerations dictate that the
osmate ester and all subsequent oxygen functions are attached on the.face.
In retrospect, preparative t.l.c. purification of the supposedly pure
starting material would have simplified the g.c.m.s. analysis, as would

Preparative t.l.c. separation of the components of the reaction mixture

15
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prior to analysis. However, this was a useful control experiment as it

demonstrated: -

a) that the method is suitable for scaling down to 100
microgram quantities or possibly less.

b)  that the major product was the mon-ol, mono-T.M,Si
ether. (V or VI). Steric hinderance would appear to
prevent the formation of the di-ether (1X) or (X) to
any great extent. The same consideration would
appear to favour (V) as the structure of the major
product.

.

Osmylation of Triterpene Hydrocarbons

The triterpeneel/- lupene, diploptene and fernene were then treated
in the same way, the latter being included merely to investigate whether

the osmylation technique was applicable to a hindered double bond.

Both «{ ~1upene (11) and diploptene (3) were shown by g.c.m.s. te form
516) (X1 and XI1)

respectively. Steric consideration suggest, as with isokaurene, that the

predominantly the mono-ol, mono-T.M.Si. ether (M.W.

hydroxyl is tertiary and the silyl ether is secondary. Fernene, reacted
in the same way, gave a major g.l.c. peak, confirmed by g.c.m.s.,
corresponding to thé unreacted starting material (4). A minor peak did
give a molecular weight of 516 on g.c.m.s. analysis, corresponding to

the mono-ol, mono-ether (XI11).

oL ~lupene and diploptene, which give closely similar mass spectra,
formed products of the same molecular weight after osmylation. The
cracking patterns however are quite different. (m.s.6 and 7 respectively).
The mass spectrum of diploptene mono-ol, mono-T.M.Si. ether, (m.s.7.) showed
a large loss of 103, corresponding to CH, - 0 ~- Si(CH3)3, followed by a
large loss of 18, explained by the remaining hydroxyl coming off as water.
ol ~lupene, however, showed an initial loss of 90, H - 0 - Si(CH3)3, fol lowed
by loss of 15, a methyl group from one of several possible positions. (m.s.6.).
This demonstrates the application of introduced functionality to differentiate

between two similar triterpene hydrocarbons using mass spectroscopy.

Purification of Triterpene Hydrocarbons by Micro-Sublimation

A full characterisation of triterpene hydrocarbons requires an accurate
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melting point to be quoted for the pure compound. However, the use of
preparative g.l.c. in the spearation and purification procedures leading

to the isolation of an unknown triterpene from a complex mixture, results

in the presence of impurities, such as the g.l.c. stationary phase, in

the sample. Since such impurities would render the melting point inaccurate,
a method was required for the preliminary purification of the material by

‘sublimation.

As commercially available sublimation units require quantities of
material greatly in excess of that isolable from a geological sample, a
unit was designed and manufactured in the department. (De<ails in the
experimental section). Cholestane was selected as a test material since
it has a molecular weight (372) close to that of a triterpene (410) and it
was also readily available. A standard solution of cholestane was made
up and aliquots injected into short (1'') capillary tubes when required.

. After evaporation of the solvent, the tube was placed in the sublimation
block, a seal formed by placing a glass slide over the '"0''=-ring, and a
vacuum applied. When a vacuum, of typically 0.025 mm. Hg, was reached,
the sublimation unit was isolated and the heating started. Raising the
temperature from room temperature to 200°C over a period of 30 minutes
was found to give an acceptable sublimation return. Such a return was
evaluated by comparison of the g.l.c. peak areas obtained from equal

sample volumes before and after sublimation.

It was found that the sublimation of a large quantity (1.5 mgs.) of
cholestane returned only 38% of that amount. This appears to arise from
the small condensation area becoming covered in crystals and the vapour
proceeding to condense on alternative surfaces. A quantity of 10ug was
found to give a return of 70%. (g.c.2.). Thus 10pug. was seen to be a
suitable quantity of material for sublimation. The successful sublimation
of B-amyrene || was also carried out on 10pg. With quantities as low as
]ﬁg.,Acrysta]s were seen to sublime but in this case the crystals forming
on condensation were too small to be seen clearly under the magnification

available on the sub-micro melting point apparatus.
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Distribution of Naturally Occurring Pentacyclic Triterpenes.

Pentacyclic triterpenes occur widely in the phyi;ZQenetically highest
plant division, Angiospermophyta, which is made up of contemporary
flowering plants. This division first appeared in the Cretaceous
period (~ 70 x 108 years) of geological time. Gymnospegma, which

9

includes divisions Pteridospermophyta and Coniferophyta®", appear

929

to produce few pentacyclic triterpenes Bryophyta (mosses) and

Pteridophyta (ferns), two phylogenetically lower members of the plant

kingdom produce both pentacyclic triterpenes and phytosterolsloo. The

occurrence of pentacyclic triterpenes in Thallophyta is limited to the
lichen and algae classes: the fungi have, at present, yielded only

10
tetracyclic triterpenes such as eburicoic acid l

. 102 . . . . . .
Brieskorn in a review of the characteristics and distribution

s
of pentacyclic triterpenes in the plant kingdom, concludes that only 47
cut out of 300 families of higher plants contain pentacyclic triterpenes.
The author continues by noting that all L7 appear in the Monocotyledon
and Dicotyledon classes of the angiosperms and that a correlation can

be drawn between the evolution of the dicotyledons and that of the

°L-amyrin triterpene group from the B-amyrin, lupeol and germanical groups.

Developemtns since this review appeared in 1956 illustrate the
diffi;ulties associated with a chemotaxonomic survey of geological samples
employing triterpenes as indicators. Not only has doubt been cast on the
phyllogenetic order (for example the position of the order Apetales in the
dicotyledons), but also pentacyclic triterpenes have been found in phylla‘
far removed from the Angiospermophyta discussed by Brieskorn. The 1ichens

of Thallophyta have been found to produce several pentacyclic trlterpenes,IOB’loq

103,

and one pentacyclic triterpene hydrocarbon: The division Pterophyta

67,68,69,70

produces several pentacyclic triterpene-hydrocarbons , and with
the Vichens are, as far as is known, unique in this way. Thus the
distribution of pentacyclic triterpenes in the plant kingdom is more
extensive than originally thought and obviously more information on the
topic has yet to be obtained. |

The abundant yet uneven distribution of such compounds in the plant
kingdom would appear to suggest a method for the correlation of geological
sediments with the plant families occluded during deposition and hence

Provide information regarding the depositional environment of a particular

18
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sediment. For the identification of pentacyclic triterpenes obtained from
a geological sample to provide any information pertaining to depositional

conditions, the following assumptions must be valid:

a) Biological processes have not essentially changed during the

intervening geological period.

b) Changes in the carbon skeleton do not occur during geogenesis.
" Any molecular changes are confined to chemical functions, e.g.

reduction, decarboxylation.

The difficulties associated with the chemotaxonomy of triterpenes
are apparent when one considers that angiosperms have been shown to

99

contain triterpenes predominantly of the oleanane and ursane systems””,

105’]06, arboranew6 and lupanew2 systems.

but also of the hopane
Phyllogenetically lower plants (lichen, ferns, masses), howéver, contain not
only triterpenes of the hopane system but also of the ursane, oleanane and
gammacerane systems. It is apparent that a clear distinction cannot be
made between the triterpene systems produced by different plant divisions.
However, organisms in general do appear to differ in the specific

compounds they make and also in the proportions of the same compounds

they synthesize, thus a geological sediment of a reasonably homogeneous
composition could forseeably yield information on its genesis, provided

the triterpene.chemotaxonomy was known.

Green River Shale - Origin and Possible Occurrence of Triterpenes

The Green River basin in Colorado and Wyoming was occupied by a vast

107

shallow lake during much of middle Eocene time It was the site for

accumulation of fine, evenly bedded oil shales.

W.H, Bradleylos, in a search for contemporary examples similar to
this Eocene lacustrine environment, found four lakes producing a kind of
organic coze which is judged to be a modern analogue of the precursors of
oil shale. The ooze in all four is predominantly algal, almost entirely
in the form of minute fecal pellets and does_ﬁot decay in a warm, wet
oxidising environment. The four lakes characteristically have a dense

mat of vegitaticn along the shores that filters out most of the clastic
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material and also have an essentially fluid ooze to a 1imited depth. This
creates conditions markedly different from most Temperate Zone lakes,  in
that the latter support the rapid degradation of organic matter by supporting

anearobic bacteria in the closely compacted organic debris on the 1lake-bed.

Gas liquid chromatograms of the branched/cyclic alkane and alkene
fractions of the Green River shale total lipid extract show a large number
of components in the sterane/triterpane region. The presence of steranes
is explicable by the common occurrence of steroids in algae]09, but the
presence‘of'triterpenes in the sediment suggests that either the presence
of triterpenes in algae is more cogpmon than at present thought or other
classes of plant e.g. lichens, which contain triterpenes to a greater

103,104

extent , Played a greater part in deposition than originally thought.

1t thus appears feasible to identify specific triterpenes, presumed
to be indigenous, in a geological sample, to correlate them to a class or
species of plant by chemical taxonomy and, if the preferred environment

of the plant is known, to obtain information of the depositional environment.

ISOLATION AND SEPARATION OF THE TOTAL LIPID FRACTION OF GREEN RIVER SHALE :

Preliminary Separation

Isolation of the total organic soluble matter from a sample of Green
River shale was effected by the ultra-sonication of the powdered rock in
a polaf Solvent system. Accepted procedures for the fractionation of the
total organic extract into classes of compounds, usually involving alumina
t.1.c. and SAO molecular sieving, could not be employed in this work on
account of two factors:- A
i) Diverse chromatographic behaviour in the various olefinic

triterpene hydrocarbon standards.

ii)  The unknown effect of olefinic unsaturation, in a rigid

. o . .
cyclic system, on a 5A" sieving process.

The procedure adopted, after the ultrasonic extraction of the total
organic~soluble material (2.2g), required gradient-elution of the extract
from an alumina column, followed by preparative thin layer chromatography

(t.1.c.) on silica coated chromatoplates impregnated with silver nitrate.



The partial separation schieved by column chromatogréphy was demonstrated
by t.1.c. monitoring. Preparative AgNO3 t.1.c. enabled the eluted

hydrocarbon fractions to be further separated on the basis of molecular

unsaturation.

The initial hydrocarbon fraction eluted from the column by hexane
(22 mg.) showed infra-red absorption typical of fully saturated molecules
(i.r.1.). The ultra-violet spectrum however (u.v.1.), although largely
typical of saturated hydrocarbons suggested, by traces of absorption at
270 - 280 m, the possible presence of alkyl or alkenyl subsitituted
benzenes. The succeeding chromatographic fraction (101 mg.), eluted
from the column by benzene, produced an infra-red specturm showing
absorption characteristic of unsaturation, predominately aromatic
(3100 - 3000, 1625 - 1575, 1520 - 1490, 870, 810 and 680 cm-]). This
interpretation was confirmed by the ultra-violet absorption which showed
" maxima occurring at 200 and 235 mu. (i.r.2, u.v.2.). Two further column
eluates were collected and both were shown by infra=red and ultra-violet
spectroscopy to contain compounds possessing extensive oxygenation, both

ketonic and hydroxylic (i.r.3, u.v.3.).

The hexane eluate was shown by the Rf values obtained on t.l.c. to
contain both saturated and unsaturated material suggesting that the column
chromatography had not given as definite a separation as at first thought.
Perhaps the collection of smaller fractions together with monitoring
employing more concentrated aliquots would realise the desired separation.
However, further separation of a 122 mg. aliquot of this fraction was
achieved by repeated preparative t.l.c. Three fractions were thus
obtained from the hexane eluate, comprising (1) the non-polar saturated
material (85 mg.) (2) the less polar unsaturated (24 mg.) and (3) the more

polar unsaturated material (1 mg.).

Fraction (1) was investigated for the presence of unsaturated
triterpene hydrocarbons since in the light of results obtained for the
appropriate standards, the chromatographic behaviour of certain olefinic
triterpenes is comparable to that of the corresponding saturated molecules.
The analytical g.l.c. of this fraction showed it to be a highly complex
mixture possessing two outstanding components, shown to be pristane and

Phytanellz, along with several prominent peaks in the C-30 region.
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Mass Spectral Analysis

Since the identification of isolated compounds was to be based
primarily on the mass spectra obtained by g.c.m.s. analysis, a prior

knowledge of the expected mass spectra was obtained from the literature,

The mass spectra of steroidal (C=27) hydrocarbons have been extensively
investigated and are pertinent to this investigation since the structures
of steranes are such that only small differences in chromatographic behaviour
between steranes, triterpenes and hindered triterpenes might be expected.
Elimination of the side chain plus 42 mass units is one of the most common
features in the mass spectra of C=17 substituted steranes. Biemann”3
summarises the various processes invoked to rationalise this fragmentation,
but Budzikiewiez et al”l+ conclude that fragmentation | is most likely to
_ be operative. The cleavage shown results in a fragment at ™/e 217. Elision
of ring D also occurs without hydrogen transfer affording a fragment of
/e 218. The formation of the fragment of ™e 149 C?;Zesponding to the

structure Il is also discussed by Budzikiewiez et al

Tha mass. spectra of steroidal olefins are also discussed, but only
of those formed during mass spectral investigation by thermally induced

1, 2 elimination of alcohol or acetate groups.

Pentacyclic triterpene hydrocarbons however, have a distinctive
cracking pattern quite different from that of steranes. Djerassi and
CO-WOerrSh9’50, note the frequency with which an intense fragment at
M/e 191 occurs in the mass spectra of such compounds. The absence of
this prominent fragment is not conclusive proof of the absence of a
penfacyclic triterpene hydrocarbon since the formation of the fragment
at M/e 191 merely requires rings A and B of the system to be saturated
and unsubstituted. Confusion may still arise from the mass spectral
interpretation, as friedelane (C-30) and some of its derivatives show
fragments at e 149, 217 and 259 which are all associated with steraneslls.
Also fragments at /e 149, 217 and 218, prominent in the mass spectra of

cholestane and other steranes are of no consequence in the mass spectrum

of lanostane (C-3@) which produces prominent fragments at M/e 274, 259 and 190.
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Further confusion would appear to result from Karliner and D_jerassi'.s50 mass
spectral studies on two pentacyclic triterpenes, ]2}oleanene and 12
ursene which reveal a base peak in both cases of ™e 218, a typical sterane
fragment. However, a fragment does appear at M/e 191, corresponding to (111)
or (1V), thus showing a triterpene to be present. The authors reason that
(1V) is the energetically more favourable fragment and give the cleavage
mechanism for its formation. (V). The fragment at M/e 218 is quite
different from that obtained for a sterane and the authors state one

resonance form to be (VI).

COLLECTION OF INDIVIDUAL COMPONENTS

Fraction 1. = Saturated Alkanes, Steranes and Triterpanes.

Collection of certain individual components of Fraction 1, selected
on the criteria of their being represented on the g.l.c. trace by major,
well-resolved peaks in the C-30 region, was achieved by preparative g.l.c.
In all, sixteen fractions were collected and eleven tentatively identified
from their micro infra-red and mass spectrometric data. 0f the eleven,
eight were thought to be pertinent to this investigation. (g.c.3.). Five
isolated components, by examination of their respective mass spectral
cracking patterns were thought to be steranes. The molecular ions
obtained for three (327, 386, L00) corresponded to the steranes cholestane,
(1X), ergostane (X), and sitostane (X1) respectively. The mass spectrum
of the supposed cholestane, although showing the presence of small amounts
of impurities was very similar to that of an authentic sample. Further
support for the assignation was the close similarity between the g.l.c.
retention times of the isolated fraction and authentic cholestane taken
on a capillary column. Authentic samples of ergostane and sitostane could
not be obtained thus preventing direct comparisons of the isolated components.
The two remaining steroidal molecules were not assigned a structure but
appear to have molecular weights of 360 and LG58 respectively, the mass spectral
cracking patterns of each suggesting they possessed a steroidal carbon
skeleton.  The micro infra-red spectra of all five fractions merely showed
the absence of any unsaturation or other functional ity.

Two saturated terpenoids, one a C-30 comﬁound, the other a C-40, were
tentatively assigned the structures of gammacerane (XI1) and carotane (XIi1)

on the basis of their mass spectra. The micro infra-red spectra again showed



the presence of saturated, unsubstituted molecules. Comparison of the mass
and infra-red spectra of each with those of authentic samples illustrated
a close agreement. However, it must be emphasised that the mass and i.r.
spectra of saturated polycyclic hydrocarbons often do not differ from those

of other compounds in the same class.

Yet another component was assigned a triterpenoid structure on the
basis of mass spectral evidence - a C-31 saturated hydrocarbon of molecular
weight 428. In addition a component was found to have a typical
triterpenoid mass spectrum, although it had a molecular ion two mass units
less than that of saturated hydrocarbon (412). The implication that this
component was an unsaturated triterpene hydrocarbon was not fully
substantiated by infra-red spectroscopy, as the absorption possessed only
', 1650 cm-]). The

mass spectrum in addition to having a base peak at M/e 191 also showed large

a trace of that arising from unsaturation (~ 3020 cm_

- fragments corresponding to the loss of 15 (methy])_and L3 (iso-propyl) mass
.units from the parent ion. The mass spectrum is virtually identical to that
of a standard, moretgne, except of course the parent ion (M), (M-15) and (M-43)
all occur at 2 mass units below that of the saturated standard. The
corresponding unsaturated standard, moret@ne, does not exhibit a similar

mass spectral.cracking pattern. The above considerations suggest the
possibility of erroneous counting in the low resolution, high molecular

weight part of the mass spectrum but conclusive proof of identity could

be obtained employing the methods discussed later when sufficient material

becomes available. (see m.s. 8, 9 and 10).

Whilst preparative g.1.c. collections were largely confined to pure
components as shown by the g.l.c. trace, some impurities were present in
certain components. Since the micro infra-red spectra were recorded
prior to g.c.m.s. analysis, the absorption spectra cannot be regarded as

fully characteristic in the appropriate cases where impurities occur.

The infra-red spectrum of fraction (2) (i.r.4.) of the hexane eluate
showed that the concentration of the unsaturated material, compared to
that shown by the i.r. of the total hexane eluate, had greatly increased
and was seeﬁ to be predominately aromatic in nature. Further information
regarding the type of unsaturation present was provided by n.m.r. and
u.v. spectrometry. The ultra-violet absorption (u.v.4.) (220, 270, 273

and 280 nu) is characteristic of alkyl or alkenyl benzenes. The absorption



25

at 270 my is very similar to that obtained for alkyl and cyclo-alkyl

benzenes isolated from Recent marine sedimentsll6. The n.m.r. spectrum

showed the presence on only a limited number of aromatic protons (2.9 - 3.277)
in comparison to methylene (/¥8.757) and methyl (9.157T) protons. Similarly
limited was the presence of methine (7.7 ) protons. No olefinic proton
signals are resolved, which suggests that the aromatic nuclei are highly
substituted with ifong aliphatic side chains which are in turn highly
substituted. Since there are very few methine groups present, the aliphatic

substitution would appear to be tertiary.

Fraction 2. - Postulated A]keny] Aromatics

Although no olefinic triterpenes were thought to be present in this
fraction, the structures of the aromatic compounds were adjudged to be of
sufficient interest for further analysis. Consequently ten individual
components were isolated and collected by preparative g.l.c., prior to
obtaining micro infra-red and mass spectra. (g.c.hk.). Several components
demonstrated infra-red spectra with intense aromatic absorption ( e.g.
component iii, 3100, 3020, 1605, 1403, 955 and 885 cm-]); however, one
component (component xvii) exhibited unsaturation of a purely olefinic
nature (> 3000, 1610, 975 and 855 cm—l), suggesting a trans or possibly
tri-substituted double bond. (i.r. 5 and 6 respectively). An attempt
to record the micro u.v. spectra of certain components failed because
insufficient material was available. The i.r. and n.m.r. data presented
above suggest the aromatic entities could be alkyl, alkenyl or cyclo-alkyl

substituted benzenes. The occurrence of alkyl benzenes in petroleum is

116

mentioned by Hood 17 and of alkenylbenzenes in sediments by Meinschein

A discussion on the mass spectra of alkyl benzenes is made by Hood as
part of a mass spectral study of the molecular structure of petroleum. The
author states that typical petroleum alkyl benzenes do not contain two or
more medijum-to-long alkyl substitutes on the ring but instead have one
long chain and several methyl groups attached to the ring. The mass
spectral analysis used to substantiate this statement show that the cracking
pattern for any long chain alkyl benzene is as depicted in VIiI. Mono, di,
tri and tetra alkyl benzenes all show outstanding peaks in their mass spectra
at Me ChH2n=7, Cn corresponding to the sum of the number of atoms in the
ring, the methyl substituents and the residual methylene of the long chain

substituent.
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The aromatic compounds isolated in this investigation were found by
g.c.m.s. analysis to cgptein fipe double bond equivalents, corresponding
to a benzene ring (confir - i by i.r. and u.v. absorption) together with
either an olefinic doubl. .nd, possibly in conjunction with the ring or
a cyclo-alkyl substituent. An examination of the mass spectrum of
component iii (m.s. 11) illustrates the cracking pattern described by
Hood. The parent ion occurs at M/e 216 (Cl6 H24), the base peak M/e 105,
which if assigned to the major fragment of the series CyH,,~7, shows the
aromatic nucleus to be di-substituted with one methyl group. Compecnent VA
(Cog H32) on the other hand, although showing a fragment at M™/e 105,has a
very much more intense fragment at M/e 119 showing the aromatic ring to be
tri-substituted with two methyl groups and one long chain alkyl
substituent. (m.s.12). '

The micro i.r. cell available for this work allowed the use of only
CCl,; solutions, consequently the substitution pattérn on the aromatic rings
could only be determined by repeat infra-red spectra, recorded in a non-
absorbing solvent (CS2). However, the total fraction (2) showed in its
infra-red absorption an aromatic substitution pattern of 1 : 3 : 5 and/or

1 : 3 (i.r.4).

The compounds isolated were thought to be alkenyl benzenes, rather

than cyclo-alkyl benzenes for the following reasons:-

(i) The mass spectral base peaks typically belong to
the C Hpp-7 series (91, 105, 119 etc.).

(ii) The M/e 120 peak is large as it is both an isotope
peak of 119 and a rearrangement peak. To produce
this latter (rearrangement) peak a side chain of
at least three carbdn atoms is required with a

hydrogen on the third carbon atom,

(1ii) The parent ions are reasonably large suggesting a

considerable stability,

(iv) The double bond equivalents and the i.,r. absorption

data support the presence of a double bond.
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One apparently contradictory fact arises, nmamcly, that too many
alkyl ions are produced in the 55, 69, B3 series. However, a double bond
in a side chain would help to stabilise any ion formed and could cause the
more intense peaks which are observed. Component xvii of this predominately
aromatic fraction demonstrated a mass spectral cracking pattern quite
different from that of the alkenyl benzenes. The molecular ion was found
to occurlat M/e 410, corresponding to that of a mono-unsaturated triterpens
hydrocarbon. (m.s.13). The base peak occurred at M/e 135, an ion which
is present in the spectra of the majority of triterpene hydrocarbons but
which only attains comparable prominence in the mass spectrum ofﬁl-lupene.
Other prominent fragments, associated with triterpenes, occur at M™/e 161,
175, 191 and 231, in addition to fragments due to loss of a methyl group
(m-15, ™/e 395) and loss of an iso—probyi group (M-43, M™/e 367). The
latter fragment is uniquely intense, comparable intensity again only being
attained in the spectra of ¥-lupene which possesses structure (13) in the
table of standards. However, ¥ -lupene has a base peak at M/e 341 (M-69)

thich does not appear at all in the mass spectrum of component xvii.

The micro infra-red absorption of the component is attributable to a

trisubstitutéd double bond (1675, 1610 and 855 em-1).

Thus component xvii is thought to be a pentacyclic triterpene
hydrocarbon possessing no unsaturation or substitution in rings A and B,
a trisubstituted double bond and one iso-propyl group. The partial
structure (VIII) would explain the infra-red absorption, and the large
(m-43) peak in the mass spectrum could be explained by the stability provided

by the olefinic bond, to the resulting ion.

Fraction A - Long Chain Alkanes

The least polar fraction (fraction A), isolated by preparative t.l.c.,
of the benzene eluate was thought to be interesting as the g.l.c. was
unusual for a Green River hydrocartbon frection in not having a wide
molecular weight/boiling point distribution. Instead, a group of peaks

appeared in the C-30 region of the trace. Gic.m.s. analysis of the
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components shcwed them to be six saturated normal hydrocarbons ranging

from n-Cyg to n-C3z inclusive.

The difficulties associated with structure determinations of pentacyclic
triterpenes by mass and infra-red spectroscopy along have been made obvious
in this work. Close structural similarities in many cases cause very
similar mass and i.r. spectra to be obtained. Further characterisation of
the isolated and standard compounds employing a variety of techniques would
greatly facilitate the conclusive structure determination which is required, To
this end, several techniques are being developed in the group including
capillary g.l.c. and g.c.m.s., micro zone-melting, micro n.m.r. and micro 0.R.D.
measurements, In addition, the techniques of micro-sublimation and the
introduction of functionality to an olefinic triterpene on a micro-scale
have been developed in the course of this research. The former technique is
required to remove impurities such as g.l.c. stationary phase from isclated
fractions prior to further characterisation, the latter is used to produce a
more characteristic mass spectrum for any particular olefinic triterpene. The
application of such techniques will obviously aid the characterisation of

compounds avajilable only in microgram quantities.




EXPERIMENTAL

The general methods of isolation and analysis are discussed, followed

by an account of the specific experimental procedure.

General Methods

Thin=lavyer Chromatoqraphy (t.1.c.)

Silica gel (Kieselgel G-E Merck) impregnated with 10% by weight silver
nitrate was used as adsorbent]]8. The glass plates were coated with a slurry
of the adsorbent in distilled water on a motorised t.l.c. spreader (Baird
& Tatlock, London). After air drying, the plates were activated at 120° for
approximately ore hour and stored in a dessicator over self-indicating
silica gel granules. Storage, without requiring reactivation, was limited

to one day. Light was excluded from the dessicator. Preparative plates

were developed with ethyl acetate prior to activation and samples were
loaded by means of a 50 or 100p 1. Hamilton syringe. Preparative plates
(20 x 20 cm) had an adsorbent coating of | m.m. thickness. n~hexane was
used for development unless otherwise stated. Detection was achieved by
spraying with 50% sulphuric acid followed by charring at 200°C (for
analytical plates) or by spraying with a 0.2% solution of dich§dro-
fluorescein or rhodamine G in ethanol and viewing under u.v. light (254 mu).
‘Recovery of the sample was achieved by ether extraction of the adsorbent
material in an extraction funnel fitted with a defatted cotton plug and a

layer of neutral alumina to retain the dye.

Infra~red Absorption Spectroscopy (i.r.)

Routine spectra were recorded on a Perkin-Elmer 257 grating spectrometer
(accuracy I 5 cm—] above 2000 cm_‘ and T 2 cm-] below 2000 cm-]). Fractions
isolated by preparative g.l.c. were dissolved in CCly, (~ L4 pl) and tle sbectra
recorded ( on~ 40 pg) on the P.E. 257 instrument using a micro-cell (0.5m.m;

capacity~/ 2.5 pl). A beam condenser was used in these cases.

Ultra=violet Absorption Spectroscopy (u.v.)

The u.v. spectra were recorded cn a Unicam SP 800 spectrophotometer. The
slit width was set at the minimum 0.02 m.m. with normal programme energy.

Routine spectra were recorded employing a 10 m.m. cell but for individual
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components a.u.v. micro-cell (R.1.1.C. u.v. 01) was used ( 1 m.m; ~ 20 ul).
All spectra were run in Spectrosol n-hexane after the high concentration of

aromatics in distilled Analar n-hexane was noticed (u.v.5 and 6).

Gas-liquid Chromatography (g.l.c.)

Analytical : Perkin-Elmer F.11 instruments, €ach equipped with a hydrogen
flame ionisation detector, were used for analytical g.l.c. Stainless
steel columns, 1/8 in. (6 or 10 ft. in length) or 1/16 in. (10 ft. in length)
in diameter were employed unless otherwise stated. Nitrogen was used as
carrier gas at flow rates of 20 = 30 ml./min. The liquid pheses were:

1% and 3% SE-30 (Applied Science); 3% OV-1 (Applied Science). Linear
temperature programming was usually from 100 - 250° or 300° at 4°/min.

The supports used were Gas Chrom P (100 - 120 mesh, acid washed and
silanized, Applied Science) and Gas Chrom Q (60 - 80 mesh, acid washed
and silanized, Applied Science). Columns wére.conditioned by heating
from room temperature to 300°C at 1°/min. and maintained at 300°C for

2L hours.

Preparative. : Wilkéens Aerograph AS0P-3 instrumenté, each equipped with a
thermal conductivity detector, were used for preparative g.l.c. Copper

" or stainless steel (20 ft.) columns % or 1/8 in. in diameter were used. The
columns were packed with 3% SE-30 on Gas Chrom P (100 - 120 mesh, acid
washed and silanized) or 3% SE-52 on Chromasorb W (100 - 120 mesh, acid
washed and silanized). (Wilkens Aerograph). The carrier gas was helium
with flow rates of approximately 60 ml./min. at a pressure of 60 p.s.i.
Injector and detector temperatures were 275 and 320°C respectively.
Collection of a requisite fraction was effected by trapping the eluate in
a glass melting-point capillary (10cm x 1 m.m.). After collection both
ends of the capillary were sealed with a small flame. The efficiency of
collection was 60 - 70%. Sufficient material of each component for

micro i.r. examination was isolated by repeated collections in the same
capillary for corresponding peaks on the chromatogram. The capillaries
were pre-cleaned by sonication in detergent solution, rinsing thoroughly
with distilled water and acetone, and a final sonication in chloroform.
Both ends of each capillary were flame-polished to prevent contamination

from the silicone rubber septa.
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Combined Gas Chromatography =~ Mass Spectrometry (G.C. - M.S.)

The fractions trapped by preparative g.l.c. were examined by G.C.- M.S,
using the L,K.B. 9000 gas chromatograph - mass spectrometer. The columns
used were 10 ft. x 3 m.m. i.d. glass columns packed with 1% S.E. 30 on Gas
Chrom P (100 - 120 mesh, acid washed and silanized). The carrier gas,
helium, had a flow rate of 30 ml./min. The mass spectrometer had a
scanning period of approximately 4 seconds. An accelerating voltage of
3.5 kV was used in combination with an electron energy of 70eV. The
mul tiplier voltage setting varied from 1.7 to 2.3eV and the separator

temperature was 2500.

Other procedures

At all stages, precautions were taken to minimise contamination and

polythene gloves were worn at all manual operations.

All solvents were of "Analar' grade and were distilled through an
18 in. column packed with glass helices. Before distillation the solvents
were heated under reflux (30 min.) and of 21. of sélvent only a middle cut

of 1.8 L was distilled with partial reflux.

Glasswarée was cleaned ultrasonically (20 min.) in an ultrasonic tank
(Dawe Instruments Ltd., type 1165/H60X; frequency 25.83 kcs; 150 watts)
thoroughly rinsed with distilled water, stored in closed dust free jars,
and rinsed with solvent before use. The detergent used for cleaning

glassware was R.B.S5.26 (Medical Pharmaceutical Developments Ltd.).

Solvents were evaporated in a rotary evaporator (Buchi) under water-
pump vacuum or in a vacuum oven (Thomson and Mercer Ltd., Croydon) under

water-pump vacuum when the quantity of solvent was small.




PROCEDURE

The sample of Green River shale used in this work was kindly donated

by Dr. W.E. Robinson, U.S, Bureau of Mines, Laramie, Wyoming, U.S.A.

Prel iminary Treatment

The outer surface of the rock was removed and discarded in order to
minimise contamination and only fragments having freshly exposed surfaces
were used. The fragments were broken up on a clean metal surface into
smaller fragments I = 1% inches in diameter with a hammer, the head of
which was covered with several layers of aluminium foil. The resulting
chips of rock were carefully washed 3 times (5 min. each time) by
sonication in benzene/methanol (1.1) using a titanium probe

(Dawe Instruments Ltd., Model S75).

The dried chips were then powdered in a cleaned rotary hammer mill
(Glen Creston, Star Beates Mill). In order to again minimise contamination,
_the hammer mill was modified to accommodate lead gaskets rather than the

standard rubber gaskets.

Final powdering was effected in a clean vibratory disc mill
(Tema Machinery Ltd., Banbury), the milling operation lasting 15 minutes.

The moveable parts of both mills in contact with the rock were cleaned

by tank sonication in detergent (R.B.S.26, Medical Pharmaceutical Developments

Ltd.,), rinsed thoroughly with distilled water, washed with distilled acetone
and finally with cholroform. It was found that, after pulverisation with
the hammer mill, approximately 70% of the resulting powdered rock passed
through a 200 mesh sieve. After the disc mill operation 100% of the
powdered rock passed 200 mesh. The milling time for the disc mill was

kept below 15 min. to prevent a substantial temperature rise_("V6OOC).

Extraction of Organic Matter

Ultrasonic extraction was used to liberate the organic matter from the
powdered shale since it is known to be a rapid, effective and convenient
method for removing soluble organic matter from Sedimentslls. The powdered
rock (100g) was plaﬁed in a glass centrifuge bottle (250ml.) with 100 ml. of

solvent ( 3 : 1, benzene/methanol). The bottle was then adjusted in the
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ultrasonic tank (Dawe Instruments Ltd., type 1165/H60X; frequency 25.83 kcs;
coupled to a 300/150 watt Soniclean generator) such that the solvent was at
the same level as the water in the tank. This was found to give the most
efficient extraction. Sonication was allowed to proceed for 30 min. The
resul ting suspension was centrifuged at 2,500 r.p.m. for 30 min. and the
clear solvent layer removed by pipette. The extraction was repeated

seven times, fresh solvent being added on each occasion. The bulked
solution (700 mls.) was evaporated under reduced pressure, (Buchi) to

produce the total organic extract as a dark brown gum. (2.2056 g. : 2.2%).

Column Chromatoqraphy of the Total Organic Extract

An aliquot (2.15g) of the total organic extract, comprising the
n-hexane soluble and suspended material was chromatographed on alumina

(150 g Woelm Grade | neutral alumina, activated for one hour at 110°C and

prewashed with n-hexane). A teflon stopcock was fitted to the glass
column to enable an efficient seal to be formed without the use of
contaminating grease. The column was eluted with n-hexane (850 ml.),

10 ml. fractions being collected by an automatic fraction collector

(The Central lgnition Co., London, Cat. No. 150). Elution was continued
with benzene (600 mls.), chloroform (150 mls.), ether (200 mls.), ethyl
acetate (200 mls.) and finally methanol (250 mls.).

The hexane eluate was monitored by t.l.c. O0f the 85 hexane fractions,

nos. 11 to 20 were shown to contain most of the alkanes by comparison of

the Rf. values to that of a standard hydrocarbon mixture. ( n = C22, n - Coy).

The presence of alkenes was not apparent in this eluate, consequently all

85 fractions were bulked and the solvent evaporated to produce a total hexane
eluate. (0.2228g., 0.22% by weight of shale). The i.r. spectrum (film) had
sbsorption at 2920 (s,3C - H), 1460 (m, $ CH,CH3), and 1378 cm™ (m, CH3).
(i.r.1).

The benzene eluate was similarly bulked and the solvent evaporated to

produce 0,1015g of a straw coloured oil (0.10% by weight of the shale). The
i.r. absorption (film) showed the presence of Iarge amounts of unsaturation
characterised by peaks at 3100 = 3020 (m, N C - H), 1605 (w, C=C aromatic),

1510 (w, C=C aromatic), 810 (w), 730 (w), 720 (w), and 675 en”! (m). (i.r.2).
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The absorption suggested the presence of aromatics, trans, tri-substituted
and possibly vinyl double bonds. The u.v. spectrum (202, 233 and 255 - 307 mu)
confirmed the presence of aromatics and olefins, possibly conjugated to the

aromatic rings. (u.v.2).

The chloroform and ether eluates were combined to give a total extract

of 0.3703 g. (0.3% by weight of shale). The i.r. spectrum had absorption
at 3400 - 3200 (w), 1690 (m), 1600 (w), 1040 = 1010 (m) and 720 — (m),
suggesting the presence of hydroxyl and carbonyl functions. The u.v.
spectrum, with intense absorption up to LOO mu, possessed maxima at 270,

300 and 397 mu which suggested the presence of ethers and esters.

The ethyl acetate and methanol eluates were simi]ar1y>combined and

produced a total of 0.2392g. (0.24% by weight of the total shale). The i.r.

absorption showed the presence of hydroxyl (~ 3300 cm‘l, m) and carbonyl

groups (1710 - 1650 cm-l, s). (i.r.3., u.v.3).

Preparative t.l.c.

Preparative t.l.c. on silica impregnated with silver nitrate (10% by weight)

enabled further fractionation of the hexane eluate. From an aliquot of

122 mg;, fraction 1 (85 mg.) was obtained by t.l.c. The Rf. value was
identical to that of a standard saturated hydrocarbon mixture (0.75). The
remaining 37 mg. of the aliquot were extracted and re-plated on a similar
‘plate but with a benzene/n-hexane solvent system (1.10). Two further
fractions were extracted from this.plate, fraction 2 (24 mg. Rf. 0.73 - 0.L4k)
and fraction 3 (1 mg., Rf. 0.4k = origin). The gas chromatograms of fractions
1 and 2 (g.c. 3 & L respectively) show the presence of a complex mixture.

The infra-red spectrum of fraction 2 (film), (i.r.k) when compared to that
of the total hexane eluate, showed that the concentration of unsaturated
material had greatly increased. The i.r. specturm showed absorption at
3100 - 3000 (m), 1610 (w N C=C aromatic), 1510 (w), 1500 (mAC=C aromatic,
975 (w), 880 (w), 850 (w), 815 é?), 675 em ! (m). The p.m.r. spectrum,
recorded on a Perkin Elmer RlOﬂMg/c spectrometer with deuterochloroform
(CDC|3) sé]vent and T.M.S. as internal standard, showed sfgnals at 2.9 ~ 3.2°C,
7.7, 8.75 and 9.15 U= the interpretation of which appears above. The u.v.
absorption confirmed the aromatic nature of this fraction (225 my, benzenoid

absorption; 275 mu, electron transfer band). (u.v.h).
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Because of the small amount of material available (#~1mg.), fraction 3

was not investigated.

The benzene eluate was similarly fractionated by preparative t.l.c., an

initial separation using n-hexane as .developer affording 13.3 mg. of
apparently non-polar (alkane) material (fraction A, Rf. 0.78, g.c.5.) The
i.r. absorption (KCI disc) and u.v. absorption spectra of this fraction
showed the presence of fully saturated compounds possessing un-substituted
hydrocarbon chains (i.r. absorption, 730 and 720 cm_l, m, - (CHZ)n - rock)
(i.r.7). Further separation of the residue from the first chromatoplate
was achieved by re-plating with benzene/n-hexane (1.10) as developer, to
give fraction C (16 mgs. Rf. 0.0) and a less polar fraction (61 mgs.). The
latter fraction was extracted and further separated using benzene/n-hexane
(1.20) developer, yielding fractions D(6.4 mg., Rf. 0.2 - 0.37), E (8.6 mg.,
Rf. 0.37 - 0.6), and a third, more polar fraction (49 mg.). The latter
fraction after re-plating with a benzene/n-hexane (1.10) solvent system
afforded fractions F (20 mg.), G (23 mg.) and H (~ 1 mg.).

The i.r. absorption spectrum of fraction C (film) (i.r.8) had absorption
at 3050 (w C-H), 1710 (w), 1600 (w,?C=C aromatic), 1510 (w,> C=C aromatic),
870 (w), 810 (m), 672 (w) em™l. The u.v. spectrum showed absorption at
220, 255, 260 and 290 mu. (u.v.5). The i.r. spectrum of fraction D
(CCIh solution) suggested the presence of alkanes, a conclusion not in
~agreement with the Rf. value. The i.r. absorption recorded on a thin

film showed a similar pattern except for absorption between 790 and 760 cm-]’

possibly due to trapped CC‘M’ The u.v. spectrum, with absorption at 210 mu
confirmed the absence of aromatics, but suggested the presence of olefinic
material., The i.r. spectrum of fraction E (CC|4 solution) had absorption
at 1730 (m,~ C=0, ester), 1610 (w), 1290 (m), 1120 (w), 1075 (w), 1040 (w),
950 (w), and 862 (gﬂcm-]. (i.r.9). The u.v. spectrum, with absorption at
210 and 236 msu, suggested the presence of conjugated olefins. (u.v.6). The

u.v. spectrum of the combined fractions F, G & H showed intense absorption
with peaks at 235, 260 and 378 mu. (u.v.7). The i.r. absorption of
fraction F (film) occurred at 3060 (w~C-H), 1610 (m), 1585 (m), 1160 (w),
1095 (m), 870 (w), 810 (m), 775 (m), 720 (ﬂ)cm’]. The i.r. spectrum of

fraction G (film) showed absorption at 3060 (w), 1700 (m) and 1600 cm! (w),
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the remaining part being masked by contaminating silicone oil. Fraction H
(film) showed i.r. absorption at 3070 - 3020 (w), 1610 (w), 1510 (w).
810 (m) and 675 (w). (i.r. 10, 11, & 12 respectively).

Preparative g.l.c.

Sixteen components of fraction 1 were isolated and collected by

preparative g.l.c. employing a 20' x "

with 3% S.E. 52 on Chromosorb W(100 = 120 mesh), acid washed and silanized.

i.d. stainless steel column packed

The column temperature was programmed from 100° - 3000C at IOO/m.m. with
a carrier gas flow (helium) of 60 ml/min. The selected components are
shown on chart g.c.3. Sufficient of each component was collected for

micro i.r. spectra by repeated collections using the same capillary for

corresponding peaks in the chromatogram.. (~L40 pg required).

The i.r. absorption spectra of the trapped fraétions were recorded on
carbon tetrachloride solutions (~L40 pg/lutl) with a cell path of 0.5 m.m.
(micro cell).

G.C.M.S. examination of the fractions was made using the L,K.B. 9000 gas
chromatograph - mass spectrometer. A 10' x 3 m.m. i.d. glass column
packed-with i% S.E. 30 on Gas Chrom P (100 - 120 mesh) acid washed and
silanized. The carrier gas, helium, had a flow rate of 30 ml/min. The

resul ts appear in Table 1.

Nineteen components of fraction 2 (g.c.k) were isolated and collected
by preparative g.l.c. under conditions identical to the above. Infra-red
spectra were recorded as CClh solutions with a cell path of 0.5 m.m, (micro
cell), '

An unsuccesful attempt to record the u.v. absorption spectra of individual
components employed a u.v. micro-cell (R.1.1.C. cat. No. u.v. 01) of cell path
1 m.m., volume 20 pl. Selected components were subjected to G.C.M.S.

examination and the results tabulated in Table 2.

Fraction A whis examinéd by G.C.M.S. directly as the analytiéa] g.l.c. showed
an unusually simple mixture of only six components. (g.c.5). Mass spectral

analysis allowed the assignation of the structures n = Cog H58’ n - C29 Hego s
n = C35 Hgp, n = C31 Hehks n - C3p Hgg, n = C33 Hgg to the six components (Table 3)
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OSMYLATION AND DIOL FORMATION

The osmylation method employed was a scaled down version of one applied
to diterpene596. Consequently, the osmylation of a diterpene, iso-kaurene,
was carried out in conjugation to that of the olefinic triterpenes,ot~lupene,

fernene and diploptene.

200 pg of the olefin were dissolved in 7ul of anhydrous diethyl ether in
a tapered 10 ml. B10 flask. 150 pg of osmium tetroxide in 3ul. anhydrous
ether were added. Excess ether was required to wash material from the sides
of the flask. The reaction was allowed to proceed overnight after which a
dark precipitate was scen to have formed. The ether was then evaporated off
and the residue dissolved in benzene. Hydrogen sulphide was bubbled through.
the resulting solution for approximately 1 min. to decompose the osmyate
ester formed. The solution was then centrifuged and the liquid phase
- (containing the diol) removed by pipette. Approximately 150 pg of product

was obtained, (estimated by g.l.c. peak areas).

The most simple method of identification of the product was found to be
the G,C.M.S. examination of the T.M.Si. ether. The latter was formed by adding
N, N-bistrime£hylsirylacetamide. 1t was found impossible to obtain a g.l.c.
trace of the product using a 10' x 1/16", 3% S.E.30 column. However, a
6' x 3mm., 1% S.E.30 column enabled a gas chromatogram to be recorded, prior
to G.C.M,S. analysis employing an identical column. A blank osmylation

showed that no significant contaminating impurities had been included at

any stage. Normalised mass spectra of the products are shown (m.s.1k - 20)

and the results are summarised in Table L.
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QUANTITATIVE SUBLIMATION OF CHOLESTANE

A sublimation block was machined from a block of Dural alloy. An 80 watt
cartridge heater, drawing power througha‘Variac magnetic transformer, was
fitted as shown. The block was machined to allow a lead from a vacuum pump
to connect directly (bore 0.25) with a cylindrical chamber (bore 0.06) into
which was placed a short capillary tube (#30 m.m.) containing the sample,

A pin-head thermometer was inserted in an aperture (bore 0.17 % l ) to one
0

side of the -sample tube. The top surface of the block was machined to
accept an '"0'"-ring (bore.0.125), concentric with the capillary tube, on
top of which was placed a glass microscope slide to act as a condensation
surface.

A quantity of cholestane in a short capillary tube was placed in the
sublimatfon block and the aperture covered with a microscope slide. The
system was evacuated by an oil-diffusion pump to a pressure of 0.025 m.m. Hg
and the pump then closed off. The rheostat controlting the cartridge heater
was set to give a temperature of ~200° and after 35 minutes the temperature
was ZIOOC. Retaining the vacuum, cool ing was allowed for a further |5 minutes.
The quantity sublimed was determined by weighing or by estimating the g.l.c.
peak size. The melting point of the sublimed material was determined on a
Kofler hot—stége incorporating a microscope (Leningrad United Optical-
Mechanical Enterprises) of magnification x 56.

The sublimation of an unsaturated triterpene, B-amyrene, was also carried out.

“Subl imation Returns:-

(Cholestane)
Initial Quantity Subl imation Return
1.5 mgs. 38%
300 ug 66%
10 pg 70%% |

*estimated by g.1.c. peak sizes (g.c.2)
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PERKIN-ELMER F 11. DEVELOPMENT

Heater for Effluent Column

To reduce peak '"Tailing'' at higher molecular weights, a heater was

designed to prevent partial condensation of the high molecular weight
material in the two inches of fixed column joining the end of the oven
column to the base of the detector.

Firstly, the two inch column was insulated by a coating of Asbestos
paper. Approximately two feet of 15% Vacrom wire (0.025 x 0.002,
resistance 35 ohms/yard) was then wound over the insulation and the
terminals connected to external leads by havd soldering with tinned

copper. The power was supplied through a 12 volt variable transformer.

The g.l1.c. traces (6 & 7) show the reduction.of peak '"tailing"
brought about by incorporation of the heater. The possibility of the
temperature being too high and causing cracking of compounds was
investigated by W. Henderson of this group. I't was found that the
heater merely kept the temperature lag of the effluent column behind
the programmed oven temperature to a minimum.
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Legend for Infra-Red Spectra

i.r.l. - Total hexane eluate, recorded as a thin film on a P.E.257

instrument; fast scan; normal slit.

i.r.2, - Total benzens eluate, conditions as in i.r.l.
i.r.3. -  Ethylacetate/methanol eluate, " " " "o,
i;g#ﬁ. -~ fraction 2, conditions as in é.r.l.

Fraction 2 Component iii; ca. AO}Lg in ca. 4},1CC14 solutiong
0.5 mem. cell path (beam condensér); conditions otherwise same

as i.r.l.

i.r.b, - Fraction 2 Component xvii; conditions as in i.r.5.

i.r.7. - Fraction A, recorded as a KCl disc, conditions otherwise same
as i.r.l.

i.r.8. - Ffraction C, conditions as in i.or.l.

i.r.9. - Fraction E, " non "

i.r.10. - Fraction F, " LU "

i.r.ll. - Fraction G, oo non "

i.r.l12., =~ Fraction H, " noon "
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Legend for Ultra-Violet Spectra

Usvel, - Unicam SPB0OO0, slit width 0,002 m.m., fast scan, 10 m.m. cell
path, ~ 0.5 mg/cell.

u.v.2. - Conditions as for 1.

u.v.3. - " " " " put 0.12 mg/cell.
uev.d. - " """ "™ byt 1 m.m. cell path.
U.v.5. - " w wowophyt 0,96 mg/cell..
U.v.6. = " " mom byt 8,6 mg/cell.
Uev.7. - " "o wowoput 0,062 mg/cell.
u.v.8. - " " "o,

U.v.9. - " n "ow,
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9'0010

Q.C.2.

Legend for Gas-Chromatograms

Column 6' x %" o.d. fitted to a P.E.F11 Dual Column; 1% S.E.30
on Gas-Chrom P, 100 < 120 mesh; Ny carrier gas at 20 p.s.i.;
temperature programmad from 100 - 2800 at 50/min; sample size
lrxl of a solution in diethyl ether; attenuation 5 x 102;
chart speed medium (23.6"/hr.)

Isophyllocladene, B = Phyllocladene, C = Isokaurene,

D

Kaurene.

Column 10' x 1/16" fitted to a P.E.F1l; 3% S.E.30 on Gas-
Chrom P, 100 - 120 mesh; No carrier gas at 30 p.s.i.; temperature
isothermal 250°9; sample size 0.2;41 of a solution in n-hexane;

attenuation 20 x 1; chart speed 15"/hr.

I
!
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g.c.3.

g.c.4.

Legend for Gas-Chromatograms

Column 20' x 3" fitted to Aerograph A 90 P3; 3% S.E.52 on
Gas-Chrom P, 80 - 100 mesh; Ny, carrier gas at 60 ml/ming
temperature programmed from 100 - 300° at 109/min.; sample
size 10p 1l of a solution in n-hexane; attenuation x 4;

chart speed medium (23.6"/hr.)

Conditions as for g.c.3. except benzene used as solvent.
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9.0-6 & 7

Legend for Gas-Chromatograms

Column 10' x 3 m.m.i.d. fitted to L.K.B. 9000; 3% 0.V.1

~on Gas-Chrom Q, 100 - 120 mesh; He carrier gas at 30 ml/min.;s

temperature programmed from 100 - 250° at 69/min.; sample size

0.3,)1 of a solution in n-hexane; sensitivity x 2000.

Column 10' x l/16" fitted to a P.E.F11l; 3% S.E.30 on Gas-Chrom
P, 100 - 120 mesh; Np carrier gas at 30 p.s.i.; temperature
programmed from 100 - 2500 at 50/min; sample size O.thl of a

solution in n-hexane; attenuation 50 x 1; chart speed 15" /hr.
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Iso-Kaurene
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