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ABSTRACT

This thesis is divided into five distinct and self-
contained sections whose unifying theme is conﬁained in
the general title 'CHEMICAL INVESTIGATION% OF NATURAL
PRODUCTS OF POTENTIAL BIOLOGICAL INTEREST .

Section I gives an account of a chemical investigation

of the aphid Megoura viciae Buckton. This study was made,
in the light of reports of the toxicity of this insect to

the predatory insect Adalia dacempunctata. However the -

presence of a toxic principle could not be demonstrated.

A brief survey of the different types of toxic principias

found in insects is given to place the work in perspective,
Section II deals with the isolation of the triterpene

acid fractions from the native New Zealand plants Gaultheria

antipoda and Gaultheria subcorymbosa. The investigation was

undertaken in the light of what were considered to be reliable

reports that the plant Gaultheria antipoda, contained a

galactogenic principle. Arguments in support of the belief
that thisaprinciple could possibly be a triterpene acid are
advanced. It was found that ursolic acid was the sole
triterpene acid present in both plants.

Section III describes attempts at the isolation and
characterisation of the constipatory principle present in

several speclies of Hebg, one of which, Hebe stricta is well




@stablished as being effective in arresting loose bowel
movenments. Chemical examination revealed D~ mannitol and
condensed tannins to be major constituents of these plants
and pharmacological studies indicated that the constipatory
properties could be attributed to the condensed tannins in
agreement with earlier assumptions. At the same time the
opportunity was taken to perform gas-liquid chromatographilc
analyses of the alkanes and the components of the long chain
esters present;' as an extension of earlier work directed
towards a possible chemotaxonomic differentiation within
the genus Hebs.,

Section IV gives an account of an investigation of five

speciaes of Cortaderla for the presence of triterpene methyl

ethers. This work was stimulated by the absence of arundoin

in a sample of Cortaderia from Raglan, by a recent taxonomic

revision of the grass family Arundinoideae and because of
certaln detailed botanical studies. Triterpene methyl

ethers were found to be absent from Cortaderia atacamensis

and Cortaderia selloana. Cortaderia fulvida and Cortaderia

richardii were found to contain arundoine. Cortaderia toetoe

was found to contailn a mixture of three triterpene methyl

ethers, which,after determination of the relative gas liquid
chromatographic retention times of nine authentic triterpene
methyl ethers on four different stationary phases and application

of mass spectrometry,could be positively identified as arundoin,
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B-amyrin methyl ether ande{-amyrin methyl ether. In the
case of «—amyrin methyl ether this would appear to be the
first report of its natural occurrence,

In addition)gas liguid chromatographic analyses were
performed on the alkane fractions and on the components of
the long chain esters present in the leaf surface wax of each

species of Cortaderia. The results of these analyses in

conjunction with the triterpene methyl ether analyses
resulted in a partial chemotaxonomic differenﬁ?tion of the

five species of Cortaderia.

The two major triterpene methyl ethers present in the
wax of Cuban sugar cane were identified as sawamilletin
(taraxerol methyl ether ) and arundoin. A third minor
component had gas liquid chromatographic retention times
corresponding to bauerenol methyl ether. A triterpene

alcohol present in Artemisia wvulgaris was shown to be O~

desmethylarundoin (fernenol) through direct comparison of
the derived methyl ether with arundoin. The mass spectra
and nuclear magnetic resonance spectra of triterpene methyl
gthers are discussed. An interesting facet of the mass
spectra is the loss of neutral methanol as a major
fragmentation process while the nuclear magnetic resonance
spectra reveal the absorption of the 3« proton ( ie the
proton on the carbon atom bearing the methoxyl group) to

occur at surprisingly high field. The preparation of synthetic
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triterpene methyl ethers is described.
The co-occurrence of the three triterpens methyl ethers

in Cortaderia toetos and Cuban sugar cane has interssting

biogenetic implications, so in ordsr to set these in perspective,
an account is given of the current postulates on the deriv-
ation of different triterpenss and steroids in terms of
different conformational foldings of all trans squalene during
cyclisatione.

Section V describes the chemistry of the pentacyclic
triterpene arundoin and the preparation of the 9(11)-dienes
from the methyl ethers of bausrenol and multiflorenol for
the purposes of a direct comparison with the 9 (11 )-diene

derived from arundoin.



SECTION I

CONSTITUENTS OF MEGOURA VICIAE BUCKTON




INTRODUCTION

In the course of a study of the escape responses of
cdrtain aphids to the presence of the coccinellid Adalia

decempunctata (L))Dixonl observed that within two minutes of

ingesting the aphid Megoura wviciae¢ Buckton, the larvae of

Adalia decempunctata frequently regurgitated their gut contents)
and, moreover, that a certain percentage of fourth instar

larveasé provided with Megoura viciae as food, died within a

few days. These observations served to suggest the presence
within the aphid, of a physiologically active agent and
accordingly it was decided to initiate chemical studies of

Megoura viciag in an endeavour to establish the nature of any

toxinior toxins present.

4. The possibility of virus tr:a.nsmiss:‘i.ong,8 or toxic
polypeptideség being the factors involved appeared to be
ruled out by the extremely short time interval, which in
some instances was as little as two minutes, between ths
ingestion of the aphid and the onset of the symptoms of

distress in the Adalia decempunctata larvase, Hence attention

was focussed on a search for a toxic principle of relatively

low molecular weights

SURVEY OF INSECT TOXINS

The existence of relatively simple toxic principles in

insects and their secretions is well established. Such
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Ce

compounds usually play a role in defence mechanisms or else
afford a means of paralysing prey. In addition,insect
sacretions having other primary roles may occaéjionally
exhibit incidental toxicity to other organisms. Among
these other primary roles of insect secretions, may be
1istéd surfactant activity for propulsion on waterS;
formation of odour trails from food to the nest; function as
Pheromones for communicative purposeS;7 and Mullerian
mimicry8 [where scent patterns are used to mislead colour-—
blind predators]. It is also of considerable interest that
certain aphids secrete an oily liquid which they smear over
predatory coccinellids, immobilising them as the secretion
solidifies. This phenomenon has been termed waxing.l

The effacts of insect secretory toxins on predators are
generally of short-term duration, except in the case of.
venoms which are actually injected into the bodies of the
vietims, although the secretions of nasute termites and ants
of the genus Iridomyrmex are known to kill certain other

9,10
insects,

The toxic principles elaborated by insects vary greatly

in their chemical nature. On the one hand they may be
11
simple inorganic compounds such as hydrochloric acid,
12 13 14
hydrocyani% af_];;id9 nitrous acid, ammonia, or potassium
15,16
hydroxide, whilst on the other hand they may be organic

compounds of widely varying complexity.
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Table I, lists certain of the simpler organic toxins
elaborated by insects together with references to original
literature. These toxins embrace fatty acids, aldehydes,
alcohols, esters, ketones, simpler aromatic compounds,
quincnes and terpenoids.

The biological effects produced by the 1owez fatty acids
have been attributed solely to a lowering of pHr?”e?G° of
the aldehydes listed in Table I trans-2-hexenal occurs in
several orders of insects. Thus it has been isolated from

25
the West African black cocktail antzéAtpogyne africana) ,

the cockroach (Eugycotis floridana ) and the bug Acantho-
3
cephala femorata o The related trans-2~heptenal is found
31
in the rice stink bug,Oebalus pugnax , whilst the related

ester 2-hsxen-l-o0l acetate has been obtained from the male
27
water bug, Belostoma indica. Of considerable interest is

the discovery that higher unsaturated alcohols act as sex
attractants in insects. Thus the sex=-attractant of the silk
moth has recently been shown to be trans-10-cis-12-hexadecadien-

77 .
1-ol whilst that of the female gypsy moth has been identified

as (+)10~acetoxyfging—hexadecenf;rol??o Also of interest
in this connection is the suggestion that the attraction of
the mulberry for Silkworms78 may be due to 2-~-hexenal and
3~hexenal which are kinown to be constituents of the leaves.
The presence of salicyl aldehyde in the secretions of
certain insects has besen known since the last century and

1t has been suggested that biogenetically this aldehyde may



TABIE T.

SIMPIER ORGANIC CONSTITUENTS OF INSECT SECRETIONS AND VENOMS

Nod. COMPOUND FORMUIA OCCURRENCE REF.
Lower Aliphatic Compounds:
(L) Fatty Acids.
1 |Formic acid H-COOH Various ants of families 1720
Formicinae, Myrmicinae
2 |Acetic acid CH -COOH Mastigoproctus giganteus (Lucas|). 21
3 Myrmicaria natalensis (Fred ). 5
3 |Propionic acid omwnnmmsooom Myrmicaria natalensis 5
(Fred ).
CHgw_ ,
4 |Isobutryic acid \\\\Omlooom Myrmicaria natalensis (Fred ). 5
omw :
CHa
S5 |Isovaleric acid \\\\omrommaooom Myrmicaria natalensis (Fred ). 5
. nmw
8 |Caprylic acid nmmlnommvmnﬂoom Mastigoproctus mwwmbwmbm 21
© {Lucas )»
£ o .
7 |9-Hydroxydec—trans—~2-encic omwzﬂmimommvmnomunmnooom Apis mellifera (L). 23
acid mm .
8 |Methacrylic acid ONNNWlﬂOOm Kbax ater (de Vill). 24
nmm




(B
10

11

i3

14

15

(c)
18

17

Tiglic acid

H-C -CH
I 3
CH-C -COOH

) Unsaturated Aliphatic Alcohols, Aldehydes And Esterss

Trans2-Hexenal

1-Acetoxyhex-2-ene

Trans 2-Hexen-1-cl butyrate

Trans 4-Cxghex-2-gn~l-ol

Trans 2-Dodecenal

Trans 2-Heptenal

Ketonesse—

Methyl amyl ketone

6-Methylhept-5-en-2-one

€
omw- amm Vmuomuom;amo

omwlﬁommvwlomuomlnmm101mznmw
" 0]

Abax ater (de VillJ.

Eurycotis floridana-
Atpogyne -africana.’
Acanthocephala femorata.
Brochymena quadripustulata.

Belostoma indica.

nmwn Smm ) muomuomémm-o:m; ‘awm.vm.omw Lethocerus indicus.

£ 0
OmwlnmmlMlomuomlommom

%
CH_-{CH_) ~CH=CH-CHO
.3 ﬁ wvm .

%
- ~LH=CH-C
omm amm vm CH=CH~CHO

_,"-
CH_-C0-~ (GH; ),~-CHg
CE,_
| /aunm«ommfuo.am
e 2 .3
CH

Nazara viridula (Fabricus).

Ogbalus pugnax (Fabricus ).

Buchistus servus
Nazara viridula (Fabricus ).
Oebalus pugnax (Fabricus ).

Iridomyrmex parcuisnosus

Tridomyrmex detectus (F)

Iridomyrmex conifer (F)
Iridomyrmex nitidiceps.
Tapinoma nigerrimum (Nyl ).
Dolichoderus scabridus.

24

25

26
22

27

28
29

32
33

34
35
36
37




i8

19

(D

20

2l

22

1

Propyl isobutyl ketons

4-Methylhexan—~2-one

) Aromatic Compounds.

Benzocic acid

Para~Hydroxybenzaldehyde

Methyl para-hydroxybenzoate

CH
3~cH-cH

L0~ =
o 5~CO-CH,~CHo—CH,
5 e

CH -CH_-CH-CH_-CO-CHE
29 z 3

3
Omm

COOH

CHO

0H

QOOQNM

OH

Tapinoma nigerrimum (Nyl).

Dolichoderus clarki.

Dytiscus marginalis (L)

Dytiscus marginaliis (L)

Dytiscus merginalis (L)

358

38

39,40




23

(B)

0
n

Szliiecyialdehyds

Quinoness—

Para-Benzcquinone

2-Ethyl-1.4-benzoguinocns

{
0

H.CH,

[@ e

Phyllodecta vitellinze (L)
Aromia moschata (L)

Brachinug crepitans (L)
Tenebrio obscurcus (Fabl.
Blaps gigass (L)
Diplopter punctata.

Julus terrestris.

41,42
30

43
a4
45
46

47,48

Spirostreptus castaneus (Atems). 49

Tribolium confusum
Tribclium castanaum (Herb ).
Diaperis macuiata (Oliver)
Gnaptor spinimanus (Pallas ).
Blaps lethifera (darshl.
Blaps mortisaga (L),

Blaps mucrconata (Iat ),

50,51
50,52,52
46
44
44
44
44




26

2~-Methyl~l,4-benzoquinone

2,3-Dimethyl~1,4-benzoguinone

2,6-Dimethyl-1,%4-5enzocquin

CH,

o}

CH

Brachinus crepitans (L)
Tribolium confusum.
Tribclium castaneum (Herb).
Diaperis maculata (Oliver)

Diploptera punctata

43
50-53
50-53
46,53

46

Spirostreptus virgator (Silvestril4o

Archiulus sabulosus (L)
Pachyrolus laminatus (Cook )
Forficula auricularia (L)

Forficula auriculario (L)

Heteropachyloidellus robustus

{Roawar ).

Hataropachyicidellus robust

P

=
w

..... {(Roewar ).

54
49
56

56
57,58

. 57,58




29

30

31

(7]

32

mmmwmxadwsmww%wiHm¢lwmbmoamwboum

2-Methoxy~1.4-benzoquinons

2-Methyl-3-methoxy-1,4—
benzogquinone

Porpsnoidse—

(1) Monoterpencids

Citral

0

3

CH, H,
0
0

OCHg

Heteropachyloidellus robustus

(Roewer ).

Tribolium castaneum (Herb).

Archiulus sabulosus (L)

+ia sexdeng (Ford ).
Acanthomyops cilaviger (Roger)

57,58

50,52,53

54

&0




33

Citronellal and Citronellol

- Limonene

2

nern

e
e

X -and B-p

CHO

ommom

Acanthomyops claviger. (Roger)

Myrmicaria natalensurfed.

Nasutitermes (Sp)e

60




~J

iridomyrmecin

Isoiridcmyrmecin (syn Iridclactone,
zwwm@mvmwmeﬁaﬁms

Iridodial

Y
\

L4

CHO

Iridomyrmex humilis (Myr ).

Iridomyrmex nitidus
Dolichoderus scabridus (Syn
Diceratoclines Scabridus ).

Iridomyrmex detectus (Fred Smit
Tridomyrmex conifer {Forel ).

Iridomyrmex nitidiceps
Tapinoma nigerripum (Nyl)
Dolichoderus scabridus.

34,63 ,64

38

h) 234

65
65

38




Dolichodial {syn Aniscmcrphol)

o
O

CHO

CHO

Iridomyrmex rufeoniger

Iridomyrmex myrmecodial,
Dolichoderus clarki

(Syn. Acanthoclinea clarki ).
Dolichoderus dentata .
(Syn. Acanthoclinea dentata ).

Anisomorpha buprestoides (Stoll)y

23
35
28

L}

m
[




N

it

Sesquiterpenoids

Lasius fulginosus (lat ).
(Syns Dendrolasius fulginosus J.

lLasius umbratus (Nyi).
(Syn: Chronolasius umbratus ).

Myroporum bentiodes (Gray)
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47,
arise from populin and salicin ingested during feeding.

The occurrence of quinonoid compounds in aréhropod
polsons, including spider58 as weil as insect poisons, is
well established. A notable feature of these gquinone
poisons is that, unlike the quinones formed from vegetable
tannins which are ortho~benzoquinones, all the examples

of insect quinones known so far are para-benzoquinones.

An interesting phenomenon occurs with the beetle Brachinus

crepitans where a mixture of approximately equal parts of para-

benéoquinone and Z2-methyl-1l,4-~ benzoquinone is explosively
43
ejected by means of gas under pressure.

Although they have been included as monoterpenoids in
Table I, the isoprenoid origin of the cyclopentanoid insect
toxins, iridomyrmecin, iso-~iridomyrmecin (syn iridolactons ),

iridodial, anisomorphgl and dolichodial has not been
tnequivocally pr*c)wan@?9 " However the recent successful
laboratory synthesis of iridodial from L-(-) citronellalao
might suggest that citral serves as the in wvivo precursor81

aspecially as citral has been obtained from the mandibular
59
glands of the leaf cutting ant Atta sexdens, although it

has not so far been identified in members of the Dolichoderinae.
Certainly the co-existence of methylheptenone, propyl isobutyl
ketone and methyi:bexanone with iridodial in the ants'would

not be. inconsistent with citral acting as a biogenetic

precursor of iridodial since these compounds could conceivably
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also arise from citral as indicated in Fig, A, The evidence

that the ant Acanthomyops claviger (Roger ) incorporates
8la
labslled acetate and mevalonate into citral further suggests

that the normal mevalonic acid' pathway of terpene bio-
synthesis is being utilisedoglb

The pharmacology of iridomyrmecin has been investigated
in detail by Pavanggz but it would appear to be without
significant activity in higher organisms.

Anothar crystalliqﬁ compound occurring in certain insects
of the family Meloidaeb? is the potent vesicant cantharidin

83
which has also been suggested to be terpencid in origin .

Cantharidin has a marked toxiclity for epithelial tissue,
84

)
produces severe nephritis. Its use as an aphrodisiac in

especially that of the kidneys and in sufficient dosage it

cattle breading stemmed from its ability to induce a reflex

85
erection by irritation of the urethral mucous membrane.

Cantharidin has pronournced irritantaproperties as indicated 8.
by its ability to produce vesication even in the skin of corpges6
arid recently a renewed interest has been shown in the biochem-
ical mechanism of cantharidin acantholysiSQSV The inhibition
of tumour induction by carcinogenic tar88989 may also be
attributable to its irritant properties which results in a
sloughing of the embryonic tumour.

Myroporone and dendrolasin differ from the other insect

terpene toxins in being not monoterpenoids but sesquiterpenoids.



TABLE II

PEPTIDES AND PROTEINOGENIC AMINES IN INSECT VENOMS

No. oubstance Occurrencs Ref .
1, Acatylcholine Vaspa crabro (L) 22
2. | Cholinesterase Vespula vulgaris (L) 93
3. | Histidine Apis mellifera (L) o2
4, | Histamine Apis mellifera (L) 4
Vespula vulgaris (L) 95
Vespa crabro (L) 96
5. | 5-Hydroxytryptamine Vespa crabro (L) 96,97
Vespula vulgaris (L) 95,97
Polistes gallicus 28
Dolichovespula media o0
Leiurus duinquestriatus| 100
Bo Hyaluronidase Apis mellifera (L) 22
Vespula vulgaris (L) 03
Bombus pratorum (L) 03
7. (a) Kinin Vespula vulgaris (L) 95,101
(b) New Kinin Vespa crabro (L) 102
8. | Lecithin and Lecithinase| Apis mellifera (L) 103,104
o] Phospholipase ‘A’ Apis mellifera (L) 092
10.. Vespula vulgaris (L) 108

Phospholipase 'Bf




Dendrolasin is further unique in being a selective contact
insecticide, acting specifically on ants and having little
or no action on certain beetles, bugs, orthoptera and other
insects;go

In the ant Chthonolasius umbratus two non-isoprenoid

substances undecane (CllHZQ) afd methyl-d-undecyl ketond

69
(CHB"CO"CllHQB) have been identified  and these doubtlessly

represent two of the components of the insect wax. Other
work on insect waxes has been well reviewedgl“ The chemical
constitutions Oi pederin and pseudopederin have recently

bean reported‘? Pesderin exerts an anaesthetic effect on the

skingo and acts as a powerful phytoinhibitor.

Table II lists various peptides, proteinogenic amines and
allied compounds which have been found in insect wvenoms.

The toxic principles shown in Table II occur in a specific
class of insect secretions referred to as venoms. These are
usually injected into the vietim by means of organs specifically
adapted for the purpose e.g. the sting of the bee, but ﬁoisons
of a protein naturelo6 may also occur on appendages such as
the urticating hairs¢107 These protein poisons of the
urticating hairs produce erythema, vesication, urticaria,

108,109
swelling and burning at the site of contact s, as well
as systemic responses which include paralytic symptoms, nausea
and other reactions of an allergic nature. Owing to the
complex chemical nature of the active principles of the venoms
from the hairs or spines of various inssects very little is as

yet known of their detailed constitutions.



Wasp and bee venoms are especlally complex and despite

many years of work, little is known, other than that they”

110
contain peptides and proteinogenic amines, So far bee

venom has been shown to contain three components from
electrophorstic studies. These are designated as:

(1) Fraction F9 possessing no pharmacologiéél
activity.ltltd

(2) Fraction F, which contains 13 .amino acids,
none of which contain sulphure.

and (3) Fraction F2 containing the same 13 amino

acids as fraction Fl plus cystine-cysteine,

histidinei %ethionine, Phenylalanine and
tyrosine. In addition fraction F2 is

known to contain at least two enzyme§~
hyaluronidase and phospholipase A.

Fraction Fl’ which has also been designated melitin,
largely accounts for the local and general toxicity. Melitin

1
haemolyzes serum-free erythrocytes, 13 enhances the permeability
114
of skin capillaries, exerts a peripheral vasodepressor

. 114,115 116
action and produces respiratory paralysis,

Fraction F5 does not exert the above gffects, but it

appears to supplement them, chiefly through the two enzyme
104

components, phospholipase A and hyaluronidase.
117 .
The spreading factor hyaluronidase is also.present
in wasp venom, and has been identified in Vespula wvulgaris.
114 118
(L),Vespa crabro (L) and Polisters omissa (Weyrauch) .
95
_Wasp venom also contains S—-hydroxytryptamine and free amino




119
acids, while the venom of the hornet V. crabro contains
114,78 95
acetylcholine. . Jaques and Schachter found in the venom

of Vespula wvulgaris a slowly dialyzable peptide, kinin, which

is a potent hypotensive agent. A non-proteinaceous, strongly
120,121 :
alkaline wenom is secreted by the fire ant Solenopgis
122
solvissima Richteri.

DISCUSSION

The Megoura viciae used in the present work was cultured

on young Vicia faba plants in a glasshouse and harvested at

intervals with the specimend being stored in chloroform
123,124
until 1680 gms had accumulated. Previous studies

had indicated the inability of Megoura viciae to synthesise

and excrete melezitose, a trisaccharide believed to be toxic
125
to certain insects, and in the present work, paper chromat-

ography confirmed the absence of this compound from the 5
123,124
honeydew of our cultures. In contrast to the earlier work,

however, sucrose was the only sugar detectable in our honey-
dew indicating the absence of intestinal invertase and

transglucosidase activities (known to be influenced by factors
122,126 '

such as temperature ) in the aphid and simple exeretion

of sucrose in excess of nutritional requirements under the
123
conditions of culture - it being well established that

sucrose is the sole sugar of plant phloem.
127 -
Unlike certain other aphids Megoura viciae proved to

be non-~toxic to mammals as evidenced by the absence of any



discernible effect on mice or guinea pigs after oral
administration of the whole dried carcasses, or of the
unfractionated extractives separately obtained from the
aphid with the solvents chloroform, acetone, ethanol and
watere.

The chloroform extractives @f Megoura viciae consisted

mainly of alkanes and fatty acid esters. The alkane fraction
was separated from the other components for gas-liquid-
chromatographic analysis through saponification of the esters,
followed by treatment of the neutral fraction with 2,4~
dinitrophenylhydrazine to remove ketonic material, and
chromatography over alumina. Application of gas-liquid-.
chromatography to the alkane fraction so obtained as described
by Eglinton g;_gl}gg showed it to consist predominantly of
C G and C , normal hydrocarbons with an appreciable

27 28 29
quantity of C and C isoparaffins. The full paraffin
distribution igttern ?g summarised in Table III.

The alkanaes of the leaf surface wax of the Vicia faba

plants upon which the Megoura viciae had been feeding were

analysed for comparison and the results are also shown in
Table III. From the table it is clear that the alkane
distribution patterns are quite different, thus parallelling
the observations of Schreiberlgg with respect to the alkanes

present in the larvae of the potato beetle, Leptinotarsa

decemlineata Say,and in leaves of the potato plants on

which they were feedingy although in his case the paraffins
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of the bestle larvae proved to be of surprisingly high

moleculayr weight. It is noteworthy that branched chain
rd

alkanes are presemt in Megoura viciae but absent from the

leaves of Vicila faba. .This latter fact 1s also of interest

since isoparaffins-are absent from the leaf wax of the
) 130
related plant Phaseolus aureus Roxb. (the stringbean ).

Baponification of the mixed fatty acid ssters from

Megoura vigiae gave a mixture of carboxylic acids, which

after conversion into the methyl esters by means of an excaess
of diazomethane in ether, was subjected to gas-liquid-chromat-
ography on a butane=-l,4~diol éuccinate polyester column.,

This showad the presenca of seven peaks. Five of the seven
gsters so resolved were identified as methyl myristate, methyl
palmitate, methyl stearate, methyl oleate and methyl linoleate
(major constituent ) by intensification of the appropriate
peaks on addition of authentic material, while the linear

plot of carbon atom number against log retention time for the
saturated esters indicated the other two to be methyl
pentadecylate ahd methyl margarate.

Acetylation of the total mixed aliphatic alcohols
liberated in the saponification and application of gas liquid
chromatography to the resulting mixture of acetates with
appropriate intensification experiments, employing authentic
n-alkyl acetates, showed the three alcohols present to be

octan-l1-0l, decan-i-ol and myristyl alcohol.



11

No organic bases or sterols were detected in the
extractives from the aphid. The absence of sterols is of
interest since insects are believed to be unable to effect

131,132
the biosynthesis of steroids and to rely on their
food as sole source of sterols which are then converted
into essential hormones, such as the juvenile hormone
133-140 :
acdysone (28,30,140¢,22,25-pentahydroxy~5p-cholest—
141
7~81—~0~0nea ) much in the same way as indogenous cholesterol
is converted into various steroid hormones by mammals. Suckiag

insects such as Megoura viciae which feed on plant phloem

might therefore be expected not to contain high percentages
142

of sterols. Detailed studies by Schreiber et al on the

sterols of adult, larval and pupal forms of the Colorado

potato beetle, Leptinotarsa decemlineata Say, have shown that

the same sterols and triterpenoids are present in the insect

as are present in the leaves of the food plant, but in differe.t
proportions ~ presumably reflecting a differential metabolism

of thess compounds by the insect.

Steam distillation of freshly killed specimens of Megoura
viciae revealed the absence of volatile organic components as
checked by extraction of the steam distillates with carbon
tetrachloride followed by infra-red analysis.

The water-soluble and ethanol-soluble extractives from
the aphid consisted mainly of amino acids, peptides and the
two sugars D-glucose and D-ribose (identified by paper

chromatography ) The presence of D-glucose was further



12

confirmed by conversion into the penta-acetate which proved

identical with an authentic samples
143
Application of the standard tests to living specimens

of Magoura viciae showed the presence of aphin pigments, known
144
to be without pronounced toxic properties. In view of

the difficulties in making positive identification of individual
145
aphins | these compounds were not further investigated.
The present studles, therefore, have failed to establish

the basis for the observed toxicity of Megoura viciae to the

predatory insect Adalia decempunctata L. A possibility,

which might not have been detected by the techniques presently

employed, would be the secrétion by Megoura viciae of a

potent highly volatile toxic principle which was lost in the
course of the chemical work-up, so that any further work on
the problem should be so designed as to take thls possibility
into account.

A short account of this work has been published as a note
in the Journal of the Chemical Society146 and a reprint is

included in the Appendix to this thesis.

EXPERIMENTAL

Magoura Vicias (260 g) in chloroform (200 ml) was

homogenised in a Waring Blendor for 2 minutes, Kieselguhr
(3g ) was stirred into the mixture which was then filtersd
through a thin layer of kieselguhr. The filter cake was again

extracted with chloroform (200 ml) in the Waring Blendor and



13

filtered as before. The combined chloroform extracts were
centrifuged in order to permit separation from an aqueous

phase originating from the body fluid of the Megoura viciae,

and then taken to dryness to yileld a residue of 10 g. The
filter cake of kileselguhr and carcass material was successively
extracted with ethanol, acetone and water to yield separate
fractions of ethanol-soluble, acetone-soluble and water-
soluble extractives, this last being combined with the
aqueous body fluid solubles.

The chloroform-soluble material - was completely
soluble in light petroleum and consisted mainly of hydro=-
carbons and long-chain fatty esters.

Isolation of Alkanes.

The light petroleum-soluble fraction (200 mg) obtained
from the chloroform extractives of Megoura viclae was refluxed
with 2,4-dinitrophenylhydrazine (200 mg) and conc. HC1 (0.2 ml)
in ethanol (10 ml ) for 2 hours, in order to convert any carbonyl
compounds present, into the corresponding 2,4-dinitrophenyl-
hydrazones. The solvent was then removed under reduced
pressure, and the residue exhaustively extracted with redis-
tilled 1ight petroleum of bep. 40-60°. The light petroleum-
soluble material so obtained, after removal of solvent, was
refluxed for 2 hours in aqueous ethanol (1:2, 10 ml) containing
sodium hydroxide (0.2 g) in order to saponify the ester

fraction present. The solution was then taken to dryness



FIG. B.

Gas—Liquid Chromatogram Of Hydrocarbon Fractlon Derived .

* From Ths Petroleum Extractlves of Megoura viciae..

* Load 0. 1/k€of a solution (ca 5%) of. the total
hydrocarbon fraction in AnalaR chloroform:  column
0.5% Apigzon L on celite, 80 - 100 meshs;gas flow,

45 ml of argon per ming ~detector voltage 1250V,
altenuation x 10.
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Plot of the log of the retention time against carbon

number for the peaks assigned to the n-anéd iso-alkane

series. Data from the gas-liquid chromatogram (Fig.

'B') of the hydrocarbon fraction of Megoura viciae.

0-0O=n-alkanes, 0--0O=iso-alkanes.




14

under reduced pressure and the residue thoroughly extracted
with redistilled light petroleum of bep. 40-60°.  The
resulting extract was flltered through alumina (Woelm,
neutral 2 g) when the hydrocarbon fraction was found to be
completely eluted with further light petroleum. Removal

of solvent afforded mixed alkanes (9 mg) uncontaminated with
compounds of any other chemical class, as shown by infra-red

analysiso.

Gas-Liquid-Chromatography of the Hydrocarbon fraction.

The instrument used was a 'Pye Argon' gas chromatograph
fitted with a 905r detector and a 120 x 0.5 cm. column of
celite (80 - 100 mesh) coated with 0.5 per cent Apiezon-L
grease deposited from light petroleum of bo.p. 60-80° ¢,

The hydrocarbon mixture (ca.2 mg) obtained from Megoura

viclae as outlined above, was dissolved in hexane (ca. 5oml)
and applied to the heated column (ca. 225° C) in a Oo%/cl
load. In order to check the reproducibility, several separate
runs were made and the results of one such run are summarised
in Fig. 'B'e This shows 13 peaks of which 8 were concluded
to.be n—-alkanes of carbon atom numbers 23 to 30 since the
intensification of the appropriate peaks on addition of
authentiec C and C alkanes to the mixture, permitted
assignment gz carboﬁgatom number to the linear plot, of log

retention time (Rt ) against carbon atom content (Fig. C ).

The remaining peaks fell on a parallel straight line in the
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plot of log retention time against carbon atom content
(Fig. C) and were consequently attributed to the iscalkanes

C toC o This conclusion was confirmed by addition of
24 28
authentic C and C isocalkanes to the alkane mixturse from
27 29
Magoura vicise, and a plot of log retentlon time against

carbon atom number.

Esters:- Light petroleum~solubles (200 mg) from the

chloroform extractives of Megoura viciae were refluxed for

18 hours, with sodium hydroxide (4 g) in ethanol (80 ml) and
water (14 ml ). After removal of the solvents under reduced
pressure, the residue was treated with water and extracted
repeatedly with ether (8 x 100 ml)s The combinad ether
extracts were then dried over anhydrous Na2804’ filtered and
the solvent evaporated. The ether soluble material (62 mg)
thus obtained was acetylated by heating on steam bath with
acetic anhydride (2 ml) for one hour. The reaction mixture
was cooled, poured into ice cold water and the resulting
solution extracted with ether (100 ml). The ethereal layer
was filtered through alumina (Woelm neutral 5 g) to give a
mixture of acetates (40 mg) which were then subjected to
gas-liquid-chromatography on a 'Pye Argon' gas chromatograph
using a 120 x 0.5 em column of celite (80 ~ 100 mesh) coated
with 10% butane-1,4~diol polysuccinate at 175°C. This showed
the acetate mixture to consist of 3 components. That they

were the acetates of octan-1l-ol, decan~l-ol and myristyl
\

i
|
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alcohol, was shown by the intensification of the approprigte
peak on addition of the authentic esters, ocne at a time, to
the original mixture and further gas-liquid chromatography
after each addition.

The basic aqueous solution from the saponification of the
light petroleum extractives was acidified with 68.N.HC1l and
extracted with ethero~ The ethereal solution was then dried
over anhydrous NaESOQ and the solvent removed under reduced
pressure to yield a mixture of long chain fatty acids (115 mg)
showing the characteristic split (CHg )y peak at 725 cm—1 in
the infra red. The acids were taken up in anhydrous ether
and treated with an excess of an ethereal solution of
diazomethane to yield their methyl esters (95 mg ).

The methyl ester mixture when subjected to gas-liquid
chromatpgraphy on a Pye Panchromatograph instrument using a
butane -1,4~diol succinate polyester column at 175°%C was
resolved into seven major components. Of these, five wers
shown to be methyl myristate, methyl palmitate, methyl stearate
methyl oleate and methyl linoleate by intensification experiments
with added authentic specimensa The linear plot of carbon
atom content against log retention time for the saturated
esters indicated the two remaining (minor ) components to be

methyl pentadecanoate and methyl margarate.

Sugars:- The ethanol-soluble (0.5 g) and water-soluble

fractions (1l.2g) of Megoura viciae were separately concentrated
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and shown to consist mostly of sugars as evidanced by infra-

red analysis and paper chromatography. Chromatography of

the concentrated sthanolic and agueous extracts together

with selected sugars on Whatman No. 1 filter paper using
butanol-acetone-water (2:7:1) as developing solventlé?

and aniline~diphenylamine phosphate as detecting raagan’cM:8
indicated the pressnce of D-glucose and D-ribose. Admixture

of authentic D-glucose and D-ribose to the aqueous and ethanolic
extracts followed by further chromatography under the same

conditions confirmed the identity of the aphid sugars.

Aqueous extractives (lg) from Megoura viciae were

acetylated by refluxing in acetic anhydride (25 ml) in the
presence of zinc chloride (lg) for 3 hours. The reaction
mixture was poured into 250 ml of water and the crude
crystalline material which separated was collected by
filtration and washed with water. The residue (0.8 g)

was then chromatographed on alumina (15 g) (Woelm, acid ).
Elution with benzene afforded a crystalline solid (0.6 g)
which was recrystallised from methanol as white needles of
D-glucose pentaacetate m.p. 109°C (1it. 149 for D-glucose-
pentaacetate, 110°C ). Thers was no melting point depression
on admixture with authentic material. The infra-red spectra

were identicale.

Honeydew of Megoura viciae:-

Honeydew excreted by Megoura viciae was collected
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by means of micropipettes and chromatographsed on Whatman

No. 1 filter paper using butanol-acetone-water (2:7:1) as

a desveloping solven%lé? and aniline~diphenylamine phosphate
as a detecting reagent0148 A single spot only was observed
and that this was sucrose was shown by comparative paper

chromatography.

Examination of Megoura wviciae for the presence of aphin

pigmentss—

Tests for the presence of aphin pigments were performed
143
by the method of Todd and his co-workers.

Thus 1iving Megoura wviciae (20 individuals ) were crushed

and stirred in 80% aqueous acetone (E/v-oos_ml) in a small
test tube. Light petroleum (0.5 ml) was added and the
mixture shaken, centrifuged and the two layers separated-
the aqueous layer being designated 'A' and the light petroleum
layer being designated ‘B's A second similar sample of
insects was crushed in phosphate buffer pH 6.5 (0.3 ml) and
the mixture kept for 3 minutes. Acetone (0.5 ml) and light
petroleum (0.5 ml) were added and the aqueous and light
petroleum layers separated as before ~ the aqueous layer
being designated 'C' and the light petroleum layer 'D'.
Layer 'A' was non-fluorescent and its red colour was
reversibly changed to yellow on acidification. Layers 'B

and 'C' contained no pigments. Iayer D' was yellow,
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showing a greenish yellow fluorescence, and exhibited
absorption bands at 4330, and 4620 A°.  On the addition of
cold formic acid the solubtion gave a yellow fluorescence
(absorption bands at 4570 and 4880 AC). Addition of
concentrated HC1 to layer 'D' gave an orange fluorescence

with absorption bands at 5890, 5640, 5210 and 4520 A%,  These
tests therefore show that aphin pigments are present in
Megoura viciae. In view of the dif{igulties in making positive

identification of individual aphins and of the known non-
144

toxic naturs of these compounds they were not investigated

further.

Isolation and identification of alkanes from Vicia faba.

Leaves of Vicia faba (10 g) were dipped for 30 seconds

in each of three successive volumes (20 ml, 10 ml, and 15 ml)
of chloro%orm. The combined chloroform extracts so obtained
were filtered to remove suspended matter and the filtrate
evaporated to dryness under reduced pressurs, The residue
(250 mg ) was found to consist mainly of hydrocarbons and
fatty acid esters.

Isolation of the alkane fraction (6 mg),uncontaminated
with compounds of other chemical groups,was achleved by an
identical procedure to that employed in the isolation of the

alkanes from Megoura viciae, using 200 mg of total chloroform

extractives. Gas-liquid chromatography (under the same

conditions as described for the alkanes from Megoura viciae )
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showsed the alkane fraction of Vicia faba to consist solely

of the normal alkanes from C to C o
26 33
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SECTION II

TRITERFENOID FROM GAULTHERIA SUBCORYMBOSA Col.

AND GAULTHERIA ANTIPODA,
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INTRODUCTION

On the basis of what were considered to be reliable
1
reports +that the native New Zealand shrub Gaultheria antipoda

(common name, snowberry${ family Ericaceae) contained in active
galactogenic principle, quantities of twigs and leaves from
this plant were collected in New Zealand in 1959 by Dr. M.
Martin-Smith and brought to these laboratories for detailed
chemical investigation of the organic constituents presento

At the same time the opportunity was taken to collect
quantié&es of the more readily avallable related speciles,

Gaultheria subcorymbosa, although there appeared to be no

reports that this species had ever been employed by the Maori

1
as a galactogen as was the case with Gaultheria antipoda.
2
Preliminary investigations indicated that both plants,

3-9
in common with other members of the Ericaceae s contained

appreciable quantities of a triterpene acid fraction. This
suggested, by analogy with the established ability of the
triterpene glycyrrhetinic acid (I) to intensify the action

10-13
of glucocorticoild hormones (by preventing their enzymatic

COOH
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14
conversion into inactive compounds ) that the reputed

galactogenic activity of Gaultheria antipoda might possibly

reside in a triterpencid capable of interfering with the

o

action of steroid hormones involved in the control of

lactogenesise. Although still not fully understood, milk
secraetion is a complex processl5“18'which would appear to be
influenced both by protein hormones secreted by the anterior
pituitary gland and by steroid hormones secreted by other
endocring glands,. There is thus at least a superficial
parallel to other physiclogical control mechanisms involving

a complex interaction of pitulitary protein hormones and steroid
hormones,; such as the control of carbohydrate metabolism

(ACTH from the pituitary$ hydrocortisone from the adrenal
cortex ) or the control of the female menstrual cycle (follicle
stimulating hormone and luteinizing hormone from the pituitarys
steroidal oestrogens and progesterone from the o;'\rary)° In

the case of lactogenesis there would appear to be primary
control by a lactogenic hormone complsx secreted by the anterior

.

pitultary gland; of which the most important component has

19 20 21
been var%gusly tarmad prola%tin, galactin, mammotrophin,
3
lactogen; and leutotrophin, and a secondary influence by
15

ovarian and adrenocortical steroidss
As in the control of the female cycle it would appear
that relative concentrations of different steroids as well

as the absolute concentration of any one steroid play an
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important role in the 'feedback' process leading to the releass
of prolactin. Thus secretion of prolactin appsesars to be
promoted by low blood levels of oestrogen and inhibited by

high blood levels of oestrogen or by low blood levels of 24,25
osstrogen in the presence of high concentrations of progesterone.
Hence in addition to the possibility that it could procurs

the direct release of prolactin in its own right, any

galactogenic triterpenoid present in Gaultheria antipoda

could conceivably produce its effect by securing a critical
change in the normal absolute and relative concentrations of
oestrogens and progesterons. As with glyeyrrhetinic acid,
this could be effected through the inhibition of the
destruction of one or other of these steroid hormones, or

it could be effected by a direct antimetabolite action in
which either oestrogen or progesterone is prevented from
acting on the anterior pituitary gland.

The main function of cortical steroids in lactation is
still unoertain,lb but it is considered that they may be
responsible for securing the necessary levels of milk
precursors in the blood, It is conceivable therefore that

any galactogenic principle from Gaultheria antipoda could

also exert its influence by affecting the action of the

adrenocortical steroids in some way.

With these considerations in mind, attention was
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concentrated on characterising the components present in the

triterpene acid fractions from both Gaultheria antipods and

Gaultheria subcorymbosa.

DISCUSSION

The more abundantly avallable Gaultheria subcorymbosa
was worked up for triterpene acids by two separate procedures

as a check against failure to detect individual components in

any single procedure.

In the first method, the finely ground dried leaves and
twigs were exhaustively extracted with hot ethanol and the
resulting solid extractives extracted in turn with light
petroleum and chloroform. After unsuccessful attempts to
fully purify the triterpene acid or acids in the light
petroleum and chloroform extractives by means of crystallisation,
the crude acid fractions were treated with an ethereal solution
of diazomethane in order to obtain the corresponding methyl
esters which were then subjected to purification by alumina

column chromatography.

In the second procedure, the total ethanolic extractives

were treated directly with diazomethane and the resulting
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mixture then subjected to alumina column chromatography when
the triterpene methyl ester fractions eluted in crystalline
form with light petroleug/éther (1:1) after preliminary
alution of alkanes and long chain fatty esters with light

petroleums,

In the case of the less abundant Gaultheria antipoda

the finely ground dried leaves and twigs were exhaustively
extracted with hot chloroform and the total extractives
treated with diazomethane bhefore application of alumina
column chromatography which afforded the triterpene methyl

ester fraction in crystalline form.

A1l triterpene methyl ester fractions obtained from G.

subcorymbosa in both procedures showed marked variation in

melting points on erystallisation from different solvents,
although they appeared homogenous on thin layer chromatography.
Thus it was decided to examine them by mass spectrometfy

in an endeavour to utilize the established diagnostic mass
spectral fragmentation patterns of different tritarpenoid326—3o

as a criterion of both purity and identity.

In the event, mass spectrometry, kindly carried out by

Mr. T.A, Bryce, to whom the present author wishes to express
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his sincere appreciation, showed that all the triterpens
methyl ester fractions obtained from both the chloroform-

soluble and light petroleum-soluble extractives of Gaultheria

subcorymbosa gave identical spectra (within the normal.

variation to be expected from factors such as temperature
differences within the mass spectrometer ), thus indicating
that different solvations and/or different crystalline forms
of the same compound had been giving rise to the observed
differing melting points. Moreovqr, these spectra were
identical with that reported for methyl ursolate (I?%,Sl,
with a parent molecular peak of 470 mass units (corresponding
to QS H_0_) and prominent peaks at m/e 411, 262, 249, 207,

1 80 3

203, 189 and 133, The origin of these peaks has been fully
29
discussed by Djerassi and his collsagues and is shown

schematically in Fig. 1.

Indication that this scheme is indeed correct is provided
by the appearance of metastable ions corresponding to the

appropriatg transitions, e.g. m/e 262—> m/e 203, metastable

-2~Q—a~ = 15730
ion at 589



35

Further confirmation of the identity of the methyl ester
was obtained by comparison of its infra red spectrum with that
of authentic material, Acetylation of the methyl ester

obtained from the Gaultheria subcorymbosa by means of acetic

anhydride in pyridine gave material, identical with authentic
O-acetyl methyl ursolate (mixed melting point, infra red
spectrum, ENJD, mass spectrum). Reduction of the methyl

ester obtained from the Gaultheria subcorymbosa with lithium

aluminium hydride gave material identical with authentic uvaol
(ITI) (mixed melting point, infra red spectrum, @#JD, mass
spectrum ).

There was no indication in either work-up procedure
of the presence of any appreciable gquantities of triterpene

aclds other than ursolic acid in Gaultheria subcorymbosa

whilst examination of Gaultheria antipoda showed ursolic acid

to .be the only detectable triterpene acid in this plant

also, A short account of this work has been published as a
32
note in the Journal of the Chemical Society and a reprint

is included in the Appendix of this thesise
It is of some interest that during the drying of the

Gaultheria antipoda a pronounced smell of methyl salicylate
33 ‘
was noted since o0il of wintergreen is obtained from the
34
closely related plaggs Gaultheria procumbens and Gaultheria

fragyantissima Walls

As to whether or not ursolic acid,which the present work



36

has shown to be the sole triterpene acid of G. antipoda

and G. subcorymbosa does possess galactogenic properties

awaits to be determined experimentally.

Very little attention appears to have been paid to the
pharmacological properties of triterpene acids, or indeed,
of triterpenes in general. What investigations have been

36
made have heen summarised by Martin-Smith and Khatoons,

EXPERIMENTAL

Melting points were ‘taken on a Kofler block. Optical
rotations ware taken in chloroform on a Bellingham and Stanley
polarimster.

Infra-red spectra were measured on a Perkin-Elmer 237
instrument, in carbon tetrachloride solution unless otherwise
stated. Light petroleum refers to the fraction of b.p.
60-~80, The mass spectra were determined, through the kind
co-operation of Mr. T.A. Bryce, with an A.E.I. M.S. 9 double-
focussing mass spectrometer using a direct inlet system.

The energy of ionizing electrons was 70 V, the ionizing current
was 109u a. and the source temperature was 90 - 110% The
authentic specimens of methyl ursolate, O-acetyl methyl

ursolats and uvaol were kindly supplied by Dr. W. Lawrie.

Isolation of Ursolic Acid from Gaultheria subcorymbosa.

A, First Method.

The finely ground dried leaves and twigs of Gaultheria
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subcorymbosa (800 g) were exhaustively extracted with

boiling ethanol (1500 ml) in a Soxhlet apparatus (24 hours)
and the solvent removed from the extract under reduced pressure.
The residue (40 g) was extracted in turn with light petroleum,
chloroform and watere. Removal of solvents yielded respect-—
ively 5g, 20g, and 12g of material, leaving a residue weilghing
3 B

Attempts to redissolve the light petroleum soluble fraction
in light petroleum resulted in the uptake of 3 g of material
(consisting mostly of alkanes87 and fatty material) leaving
a residue of approximately 2 g which was treated with ether
to yield an ether-soluble fraction and a residue which on
racrystallisation from ethanol yilelded a white solid (400 mg)
m.pe. 260° - 280°  The ether-soluble portion on crystallisation
from ether yielded a white crystalline solid (300 mg) m.ps
224-244°,

The original chloroform extract after evaporation of
the solvent and crystallisation of the residue from ethanol
yielded a white crystalline solid (3 g) m.p. 280-284°. |

All the above crystalline fractions had the properties
of triterpene aclds and infra red analysis indicated that
they were very similar in constitution. Aliquots of each
triterpene acid fraction (250 mg ) were separately esterified

with an ethereal solution of diazomethane and the products

chromatographed on alumina(Woelm, neutral 20g.), Elution
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with light petroleum/ther (1 : 1) yielded, (1) from the
ether-soluble fraction, 210 mg. mep. 110~11403 (2) from
the ether insoluble fraction, 205 mg. m.p. 108 — 110°3

and (3) from the chloroform soluble fraction 220 mg. mo.pP.
112 - 11409 of the methyl esters. The esters in each case
showed identical behavour on thin layer chromatography (on
silica gel plates, using light petroleuq/éther (L:1) as
solvent system and concentrated sulphuric acid as detecting
agent ), running as a single compound but still showing
different melting points on crystallisation from different
solvents.

B. Second Method.

Dried finely ground twigs and leaves of Gaultheria

subcorymbosa (800 g ) were exhaustively extracted with boiling

ethanol (1500 ml) in a Soxhlet apparatus (24 hours). The
ethanolic solution was treated directly with an excess of an
ethereal solution of dlazomethane and the solvents removed
under reduced pressure to give a residus (38 g). Chromat-
ography of an aliquot of this material (3 g) over alumina

(Woelm neutral 30 g) yielded a white crystalline ester fraction
1.72 g ) eluted by means of light petroleuq/éther (L2 1) |
Recrystallisation from ether gave white needles, m.p. 112-11403
from ethyl acetate m.p. 162 - 16403 from ethanol mep. 169~
171°, Bx]D = + 58 (¢ = 2.0) (lit.38 for methyl ursolate m.p.
169 - 170° [=¢]y = + 62).  The melting point of the specimen
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crystallised from ethanol was undepressed on admixtqre with
authentic methyl ursolate crystallised from sethanol. The
infra red spectra of the two specimens were identical.
Application of mass spectrometry to the esters obtained
from both methods A and B, above gave in all cases a parent

molecular peak at 470 mass units (corresponding to C_.H 0. )

31750 3
and a cracking pattern strictly comparable to that of
28,31
authentic methyl ursolate 3 m/e 411, 410, 262 (intense ),

249, 207, 203 (intense ), 189, 133 with metastable peaks at
157.3, 87.2 and 172.8 corresponding to the transitions
262 — 5 2037, 203 — 133" and 207" —— 189" respectively.
O-Acetyl Methyl Ursolates-

Methyl ester (1 g) derived from Gaultheria subcorymbosa

was acetylated by adaptation of the method of Sengupta and
Khastgir89 by heating on the steam bath with acetic anhydride
(10 m1) in pyridine (10 ml) for 4 hours. . The reaction mixture
was poured into ice cold water with constant stirring. The
crystalline product was filtered, washed with water and re-
crystallised from ethanol to yleld the crystalline aceta?g

(1 g) mepo 244 ~ 245°, [«]D = + 57 (¢ = 2.5) (:L:i."c.‘,éjzO |

for O-acetyl methyl ursolate, mep, 244 - 247° [«] = +58).

There was no melting point depression on admixturg with
authentic material and the infra red spectra were identical.

The same compound was obtained by acetylation of the methyl ester

of the triterpene acid from Gaulthéria antipoda.
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Mass spectrum: parent molecular peak 512 mass units,
(corresponding to the Fformula 083H5204) m/e. 262, 249, 203
(intense )y 190, 189, 130 with metastable peaks at 157.3,
87.2 and 172.8 corresponding to the transitions 26245'—--—>203+
203" —>5 133" and 207—s> 189" respectively.

Uvaol

Methyl ester (200 mg) prepared from the acid isolated

from Gaultheria ggbcorymposa was treated in refluxing dry
ether with an excess of lithium aluminium hydride (1 g)
for 8 hours. Excess of reagent was destroyed by careful
addition of water and the mixture was then treated with 6N,
HC1l. BExtraction with ether afforded the diol (0.8 g) mepe
223 - 225° from ether. [odD =+ 76 (¢ = 2.0) (lit041 for
uvaol, MePs 222 - 224:09 Dx]D = +72 ). There was no mixed
melting point depression with authentic material and the
infra red spectrum in chloroform was identical with that of
authentic uvaol. Mass spectrume: parent molecular peak

442 mass units (corresponding to C Og )ym/e. 411, 234

80H5O

(intense ), 221, 207, 203 (intense ), 189, 133 with metastable

peaks at 176.2, 87,0 and 72.6 corresponding to the transitions
+ + + +

2347 > 203", 203—> 133 and 207——> 189 respectively.

Isolation of Methyl Ursolate from Gaultheria antipoda.

Dried finely ground twigs and leaves of Gaultheria

antipoda (750 g) were exhaustively extracted with chloroform

(1 1litre ) in a Soxhlet apparatus for 24 hours. Removal of
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solvent from the extract under reduced pressurs yielded a
gresan residue (52 gl

An aliquot (5 g) of the chloroform extractives was
taken into ethanol and treated with an ethereal solution
of diazomethane. The crude product (4.8 g ) was chromatographed
on alumina (Woelm, neutral 50 gl The initial fraction
obtained by elution with light petroleum consisted mainly of
alkanesav and fatty material. The fraction which eluted
with light petroleum/ether (1 :1) was crystalline (2.8 g)
and on recrystallisation from ethanol had m.p. 168 - 1690,
[mlD: +60 (¢ = 2,5) (litsg for methyl ursolate m.p. 169~170°,
[adD = +62)s There was no depression in melting point on
admixture with authentic methyl ursolate. The infra red

spectra were identical. Acetylation under the same conditions

as employed with the esters from Gaultheria subcorymbosa

yielded O-acetyl methyl ursolate identical with authentic

materials,
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SECTION ITIIX

CHEMICAL OBSERVATIONS ON SOME HERE SPECIES,
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INTRODUCTION

Some of the largsr-leaved shrubs of the genus Hesbe
(Family = Serophulariaceas§ Botanical names as in H.N.
Allan, Flera of New Zealand, Vol. I, 1961, Wellington
Government printar ) have long enjoyed a medicinal
reputation in New Zealand, the leaves and tender shoots
being employeg by the Maori in the treatment of certain
skin desease@a and for arresting the Loose bogel ?gvements
of such conditions as dysentery and diarrhoea o o Also
there ars reports that decgitionS of these plants ggre used
in the treatment of ulaers' and veneraal digeases’ 0

Of these wvaried uses, however, there would seem little
doubt that extracts from certain Hebs species are truly
effective in arresting loose bowel movements, their efficacy
being confirmed by Pakehsa and Maori alike. Accordingly it
éppeared a woerthwhile project to attempt the isolation and
characterisation of the chemical substance or substances
regponsible for this activity and submit such material for
pharmacological investigation.

Earlier a cursory chemical invest%gation had been

carried out on ons membesr of the genus which at that time

was designated Verconica salicifoiia and the tentative

conclusion was vreachad that the active constipatory agents
were tannins, although there was some dispute over this 4
as well as a number of conflicting reports concerning the

afflcacy of warious extracts of the plant prepared by
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‘%‘9599
different mathods 0 Aquecus extrazts of the leaves of

this plant (now known as Hebe stricts (Benth.) L.B. Moore)

have howaver bsen shown to be without sction agalinst micro-
|
12
organisms producing amcebic and baciliary dysentary o

The prgsent work degeribed in this thesils represents an
extension of studies already carriad cut at the University of
13
Glasgow  with the two species H. odora and H. stricta, to

the further spescies Ho corriganii and H. bollonsii of which

the dried leaves were kindly provided by Miss Luey B. Moores
At the same time as the main work directed towards the
isolation and characterisation of any constipatory principles
present was being carried outy the opportunity was taken to
perform a gas ligquid chromatograpniz analysis of the alkanes
and componants of %he long chain esters, in a continuation

of earlier sﬁuﬂies“Q dasigned to secureé a possible chemo-~
taxonomic differentiation within the genus Hebe, which is

15
characterisad by an oextrems esse of hybridisation

DISCURS I0N

The methods employed for the isclation of the chemical

constituents of both Hebe ccorriganii and Hebe bollonsii wers

the same in each case: thus ths dried leaves were finely
ground and axbaustively extracted with ethanol using a Soxhlet
apparatus and the solid sxtractives so obtained divided into

light petroleum-sciuble, chiorcform=soluble and residual
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gthanol=soluble fractions.

The alkane fraction,uncontaminateda with compounds of
other chemical groups a3 gshown by infrared analysis, was
obtained From the light pgtrol@umugaluble fraction by the

14

method of Bgiinton gﬁﬂg&f‘ and subjected to gas ligquid
chromatographie analiysis. Tra slikane distribubtion patterns
are shown in histogram forw in Fig. I, while the percentage
of sach zlkans in the total alkama fracztion is shown in
Table 1. Also included fn Figure I and Table I for
comparativea purp@§23 ara the corresponding data obbalined

i4
from eariisr work  with four othsr Heba speciles. It is
to be noted that none of the speciss contains more than

traces of branched alkanes (none baing detected in H. odora,

Ho corriganii or Ho bollongiile It may bs noted alsc that

Ho corrigaail snd Ho bollonsii possess extremely similar

alkane distributicn patterns, suggesting that the utility of
plant alkane analiysis 2s a method of "fingsrprinting'’

individual species to aid taxonomic and pharmascognostic

.16417
differentation may prove more 1limited than originally hoped.
It i3 nevertheless of interest that there seams to be

considerable variation among the specles of Heba so far

examined s to The major n-alkans present. Thus in H.

o B 3

odaora it is the ng compoundy  dn H. parviflors., H.

() q

diosmifelia and Ho corpiganii it is the C compoundy  in

eavais it P Y,

Bl b

He stricta It is the C__ compound] while in Ho boilonsii an
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TABIE I

Distribution In Mole Percentage Of The Alkanes From Different hmwambmvH.

_woaauobm Total Total c c c c
No Plant Extracted| Petrol ‘%ubpwmum mm 24 25 26
s = Extracts Fraction$ [iso[ n |iso] n|iso[n[iso [n |1
1 | Hebe odora | Stems and
leaves 3.9 4 . + : 3 2 2
2 | H. parvifolia & 245 o 1 11 + 11
3 | H. diosmifolia £ 3.2 10- 1
4 |H. stricta e 1.7 1.5 ¥ 11
5 | H. corriganii leaves 1.8 3 2 1 w
6 | H. bollonsii e 2.0 %57 oo a‘ 3 2 W
i

# The content of an individual alkane is expressed as a mole percentage of the tota
hydrocarbon content from Cp3-Cas inclusive. The mole percentage is taken as bei
equivalent to the area percentage i.e. 100 »W/‘mw

peak corresponding to the hydrocarbon C_H as measured by planimeter.
“n(2n+2),

values are approximated to the sowwmmﬁ,w per cent; peaks of relative area Hmmw t
1 per cent are indicated by +. "The branched chain alkanes are designated iso-

+As per cent dry weight-values to the nearest 0.05 per cente

Pb, where pn‘wm the area of the

The |

X ;,-@. A

”mmmuﬂnmbw total alkane hydrocarbons calculated eon total weight of petrol extractiv

the nearest 0.5 per cente.

|
I

Ll .w\.ﬁ,.\,f” | i | 198 & Y ENRE 1 8 0 E R
Vo il §EELEEHE ARSI I A o i v of i R e B

i

e Y L | 4
o O

‘_A”.J..,_ m.. A1 BE T 1Al 2 I R ' i i §
I.LELH..WEEMBNTLVE ub RSO 80T :N- L

] |
8 o9 €30 a1 . Ca3 i N ih |
' |iso | n| iso| n |iso.| n| iso| n|isoy n iso n iso[ n ' Reference i
3 52 2 s [ 2 3 14 M
1]+ |17 2| + |65 3 10 14 w
2| + |15 6| + |40 s1:-4 |18 + 16 14 m
2|+ |10 a| + |28 1] a4 |27 1 {1 |16 14 |
2 34 2 41 2 2 ﬁ
-2 32 5 32 3 6 |
- |

ey T
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equal mixture of the CBl and 033 compounds represents the
preponderant alkanes. In accord with modern concepts of
biogenesisl8 in which n—alkanes are considered to arise
via decarboxylation of aliphatlc carboxylic acids built up
from linear condensation of acetate units by a process
involving acetyl coenzyme A or malonyl coenzyme A and so
possessing an even number of carbon atoms, h-alkanes with
an odd number of carbon atoms form the major proportion of
the total alkane content of each specles of Hebs.

The long chain ester fractions of H. corriganii and H.

bollonsii occurring in the light petroleum-soluble fractions

were saponified and the acids so liberated were identified
by means of gas liquild chromatography of their methyl esters
which were prepared by means of diazomethanea The alcohols
liberated during the saponification were ildentified by means
of gas liquid chromatography of their acetates.

The results of the fatty acid and long chain alcohol
analyses are shown in Tables II and III which also include the
corresponding analysis for H. odora which was not undertaken
during the earlier studies on this plant..l4 The results
of both the acid and alcohol analyses would, however, indicate
little potential value of such analyses in chemotaxonomy
since the total numbers of representatives in each series in
no case exceeds five with dodecan-l-ol the predominant alcohol

in all cases and lauric acid the predominant acid, except

with H. odora, where capric acid is the major acid. The
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complete absence of unsaturated acids is of interest as are
the short chain lengths of the acids (CJO - 018) and alcohols

(08 - 016) as compared to the chain lengths of the alkanes
(625 ~ 038)o The latter situation may be contrasted to

that pertaining with respect to the stem wax of the sugar

19
cane Saccharum officinarum 4 the cuticle wax of the carnuba
20
palm, Copernicia corifera, and the cuticle wax of the apple
21

fruit, Pyrus malus where the constituent alkanes, acids

and alcohols all hawve carbon atom numbers of the same order.
At the same time it lends further support to the conclusion
of Eglinton and Hamiltonlg that there appears to be no
consistent relationship between the distribution patterns
of the alkanes, alcohols and acids.

18,22,23

Agalin in keeping with current biogenetic theory
the acids and alcohols in all the species of Hebe appear
restricted to those with an even number of carbon atoms.

The residual ethanol extractives which were insoluble in
both light petroleum and chloroform, were then investigated
in order to attempt the isolation of the active constipatory
agent. Fractional crystallisation from ethanol, gave in the

case of both H. corriganii and H. bollonsii, crystalline D-

mannitol (identical in all respects with authentic material)

as the least soluble fraction. This is of some interest as
13

earlier work with H. odora and H. stricta had also shown

D-mannitol to be present in these plants.
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The non-crystalline solid cream—coloured residue remaining

after removal of the D-mannitol in the case of both H. corriganii

and Ho bollonsii was bitter in taste, but application of
- 24

standard tests showed the absence of alkaloids, which appear

to be of but rare occurrence in the Seggphulariaceae, havihg
besen reported in only some ten specles ., The residues,
however, showed reactions characteristic of catechin-typse
condensed tannin326°

Application of paper chromatography showed the tannin
fractions to consist of several components with some apparently
common to both speciles, However all attempts to isolate
the individual compounds present in crystalline form wegg
without success. Application of standard colour tests to
the total tannin fraction indicated the absence of compoug%s
of the chromone type whilst application of the Gibbs test
indicated the absence of phenols possessing a frese para
position.

In view ofzfack of success in securing the individual
components of the tannin mixtures in pure crystalline form
and since condensed tannins are known to be complex products
of which the constitutions are still largely unknowngé,work
was discontinued at this stage. However, the total crude
tannin fraction obtained from H. odora in the earlier studies
at the University of Glasgowl8 was subjected to pharmacol-
ogical screening and the results (kindly made available by

Mrs. June Grady and Dr. T.C. Mulr) are in entire agreement
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with the active constipatory principles of the Hebe species
being condensed tannins.

Indeed tannins as a group, of which the condensed tannins
(phlobatannins or non-hydrolysable tannins) are but one of
two subwgroupsgg ~ the other being the hydrolysable tannins
which are split by acids, alkalis or enzymes into the
constituent polyhydric alcohols and phenolic acidsﬂﬁa§e at

one time seen considerable use in medicine primarily on account

of their astringent properties. Since tamnins react with

30
tissue proteins they have in the past sean application in
31 30 32
the treatment of diarrhoea , mucosal inflammation , burns
30 32-35

and certain microbial infections 4 but their high toxicity
has caused their virtual disappearance from modern medicine.
An account of this work has been submitted to the Journal

37
of Pharmacy and Pharmacology o

EXPERIMENTAL

The dried finely ground leaves (80 g) of the particular
specles under investigation were exhaustively extracted with
ethanol (300 ml) in a Soxhlet apparatus and the solvent
removed under reduced pressure. The residues (3 to 4g)
were successively extracted with light petroleum (b.p. 40-60)
~and with chloroform. The chloroform extractions yielded
1little material and were not further investigated.,

Isolation of alkanes.

The total alkane fraction was isolated by the method of
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14
Eglinton et al. Thus the light petroleum extractives (lg)

ware refluxed with 2,4-dinitrophenylhydrazine (lg) and conco
HCLl (0.5 ml) in ethanol (20 ml) for 2 hours in order %o
convart any carbonyl compounds which might be present into
their 2,4-dinitrophenylhydrazones. The solvent was removed
under reduced pressure and the residue exhaustively extracted
with light petrolsum. After removal of the solvent the
petrol~soluble material was refluxed for 2 hours in aqueous
ethanol (2_319 20 ml) containing sodium hydroxide (lg) in order
to hydrolyse the esters present. The solution was taken to
dryness under reduced pressure, and the residue thoroughly
extracted with light petroleum. The petroleum extract was
filtered through alumina (Woelm neutral 5 g) and the hydro-
carbon fraction completaly eluted with further light petroleum.
Infrared analysis showed the alkane fraction so obtained to
be uncontaminated with compounds of other chemical classes.
Gas=liquid chromatographic analysis of the alkane fraction
in chloroform on a 'Panchromatograph’' instrument with 0.5%
Apiezon 'L' on Embacel (80-100 mesh) at 225°C showed the
presence of nine components which were characterised as being
the C to C n-alkanes by employing authentic C

25 33

cBl h—-alkanes as markers on a second run.

Components of the esters of H. corriganii, H. bollonsii and

o9 029 and

The crude light petroleum-soluble material (200 mg) from
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the ethanolic extractives of each plant was refluxed for 4
hours with 15% ethanolic potassium hydroxide solution (25 ml).
After removal of the solvent under reduced pressure, 100 ml
of water was added and the mixture extracted exhaustively with
ether (3 x 80 ml)s The combined ether extracts were dried
over anhydrous sodium sulphate, filtered, and on evaporation
of the solvent yielded the neutral components,

The total crude ether soluble material was acetylated
by refluxing with acetic anhydride (2 ml) in pyridine (2 ml)
for 1 hour and the reaction mixture cooled and poured into
water. The crystalline material resulting was collected by
filtration, washed with water, taken up in ethanol and passed
through alumina (Woelm neutral 5 g) to give the acetates of
the alcoholic components.

Gas=-liquid chromatographic analysis of the acetates on a
10% polyethylene glycol adipate polyester column at 175°C
showed the presence of several components. In the cases of

He odora and Ho corriganii, these were identified as the

acetates of octan-l-ol, decan~l-ol, dodecan-1-ol and hexadecan-

1-ol.and in the case of H. bollonsii as the acetates of

octan-l-ol, decan-i-o0l and dodecan-1l-o0l by adding authentic

acetates to the mixture and further gas-liquid chromatography.
The basic aqueous solution from the saponification, on

geldification with dil. HC1l and extraction with ether yielded

a mixture of the free carboxylic scids which were converted
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into the meihyl estars by treatment with an excess of
ethoreal diazomethans. The esters wera subjected to
chromatograpny on alumina (Woelm neubral 5 g) being eluted
with light pstroleum.

Gas-19iquid chromatographic analysis employing a 10%
polyethylene glyccl adipate polysster column at 1759C
permittad separation of the individual esters, These
ware then identifled by addition of authentie specimens,
as the asters of ecapric, laurie, myristic, palmitic and

stearic acids in the case of Ho odora and H., corriganii
e TR X T Cx—— 9

and as the esters of capric, lauric, myristic and palmitic

acids in the case of Hs bollonsii.

Isolation of D-mannitol from H. corriganii and H. bollonsiis-

The ethanol-goluble residue (1.5 g) remaining after
removal of the 1light pestrolsum-socluble and chloroform-socluble
fractions from the total ethanolic extractives of each plant
was btaken up in hot 95% ethanol, and successively concentrated
to afford several crops of crystalline compound which on
further recrystallisation from ethanol had m.p. 163-165°C
(liﬁosa for D-manmitol. mep. 160°C)s  The absence of a
mixed melting point depression on admixture with authentic
D-mamnitol and infrared analysis confirmed the identity of
the material. The ylelds based on dry weight of lsaves

were He corriganii 3.7% and He bollonsii 2. 9%

Condensed Tanning.

After removal of D-mannitol, the remaining ethanolic



axtractives from each plant (2 to 3 g) were taken to dryness
under reduced pressure to yield glassy non-crystalline solids
possessing a creamish colour and a tendency to gain a pink
tinge on prolonged exposure to alr, and proving to be very
hygroscopice These residues gave a greenish colouration with
ferric chloride, were bitter in taste and gave precipitates with
gelatin solution, phenazone, lead acetate and bromine water.
On boiling with dil. HC1 phlobaphenes were formed confirming
the material to contain condensed tanninss. Paper chroma-
tography on Whatman No. 1 sheet and thin layer chromatography
" on silica employing butano%/;cetone/%ater as solvent showed
the presence of several componentse. Column chromatography
employing paper rolls, charcoal-kieselguhr, or alqmina |
pre—-treated with acetic acid, failed to afford individual

components in crystalline form.
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SECTION IV

CHEMICAL COMPARISON OF CORTADERIA

SPECIES AND GAS LIQUID CHROMATOGRAPHIC
STUDIES WITH TRITERPENE METHYL ETHERS.
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INTRODUCTION

During an investigation of the leaf alkane distribution
pattern of the New Zealand tos-toe grass [collected for echemical
and pharmacological studies in view of reportsl of its use in
the treatment of kidney complaints by the Maoris] strong
absorptipn by the alkane-cantaining fraction was observed at
1104 cm“l in the infraredg. Such absorption is charaeteristic
of the ether functiona, and further studies4 by Dr. R.J. Hamilton
at the University of Glasgow led to the successful isolation
of two ethers, Ether 'A' and Ether 'B' and strong indications5
from gas liquid chromatographic experiments that a third ether,
Ether 'C' was also present. Ether 'B' was concluded4 to be
B-amyrin methyl ether, whilst Ether 'A' was designated
'arundoin ' and shown to be a second triterpene methyl ether of
unknown structure.

In order to complete the elucidation of the structure of
arundoin, as described in Rection V of the present thesis,
further quantities of the compound were required, but plant
material kindly collected in March 1965 at Raglan, New Zealand,
and extracted by Dr. R. Hodges falled to provide any arundoinhe
This seemed of considerable interest in the light of botanigal
work6 [published after the original collection of plant material
in September 1959] in which the New Zealand toe-toe grass,

originally designated Arundo conspicua Forst. fs., has been



5%

differentiated into three separate species designated

Cortaderia toetoe, Zotov, Cortaderia fulvida [Buch.] Zotov

and Cortaderia richardii [Endl.] Zotov-

In the circumstances it thus seemed desirable to under-
take a comparison of the chemical constituents of the leaf

surface waxes of these three individual Cortaderia speciles

concurrently with the further work directed towards the
determination of the constitution of arundoin, new supplies

of which had become available as a result of a return visit

to the site of the first collection at Plimmerton, New Zealand,
by Dr. M. Martin-Smith, under the auspices of the Wellcome
Trust- In addition, the opportunity was taken to examine

two South American Cortaderia species naturalised in New

Zealand viz., Cortaderia selloana [Schult.] Aschers. et Graebn.

and Cortaderia atacamensis [Philippi] Pilger as well as Poa

anceps, another native New Zesaland grass. Leaves of the five

authenticated Cortaderia species were kindly supplied by

Dr. H.E. Connory Botany Division, D.S.I.R., Christchurch, New
Zealand - Accordingly gas liquid chromatographic analyses

were performed on the alkane fractions and on the components

of the long chain esters present in the leaf surface wax of

each gragss in an attempt to secure chemotaxonomic differentiation

within the genus (Cortaderia. Also an investigation was made

into the presence or absence of triterpens methyl ethers in

the wax of each plant; and where such compounds were present,
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identification of them was made with heavy reliance on gas
liquid chﬁomatography and mass spectrometry. At the same

time similar analyses were carried out on the light petroleuan
extractives supplied by Dr. Hodges from the unidentified Raglan

species of Cortaderia and on the unidentified Cortaderia species

growing at Plimmerton, New Zealand, from which the large scale
isolations of arundoin had been made, in order to see whether
positive identification of the species concerned could be made

on the basis of such analyses. In addition a comparison bstween
the constituents of the wax from the leaves and of the wax from
the rhizomes of ths Plimmerton species was made, This last
work was deemed desirable in the light of the recent isolation

of arundoin from the rhizomes of the grass Imperata cylindrica

P. Beauv var. media Hubbard [=var. koenigii Durand et Schinz]
by Natori and his coworkers7}8

The gas liquid chromatographic studies undertaken in
connection with the identification of the triterpene methyl

ethers, where present, in the various Cortaderia species pointed

to the need for determining the retention times of known
triterpene methyl ethers under standard conditions. Since the
: 0-14 15,16
retention times of steroids and triterpenocids are
conventionally determined relative to the retention time of
Sa-cholestane, the retention times of 9 triterpene methyl
ethers [readily available from natural sources or from methyl-
ation of the parent alcohol], relative to that of Sa-cholestans,

were determined on 0 5% Apiezon L, 1.5% SE-30, 1.5% QF-1 and
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1.0% CDMS columns. These experiments showed that no resolution
of the five ethers derived from the oleanane or rearranged
oleanane skeleton [viz. the methyl ethers of germanicol,
§-amyrin, B-amyrin, taraxerol and multiflorenol] was possible

on any of the columns used, although separation of any one of
these five ethers from cylindrin, arundoin, bausrenol methyl
ether and a-amyrin methyl ether was feasible with all four

columns. The data obtainsd from this work was then applied .

to the identification of ethers 'B' and 'C' from Cortaderia
toetoe and to the identification of the triterpens methyl
ethers present in the wax of Cuban sugar cane. Application
of mass spectrometry permitted identification of individual
methyl ethers of the oleanane types Finally, that a triter-

pene alcohol occurring in Artemisia vulgaris L. was O-desmethyl

arundoin was shown by direct comparison of the synthetic methyl
ether from this alecohol [kindly supplied by Dr. A.S. Rao of
the National Chemical Laboratory, Poona, India] with authentic

arundoin.

DISCUSSION

A. Chemotaxonomic Studies With Cortaderia Species

1. Alkane Distribution Patterns

The total leaf surface alkane fraction, uncontaminated with
compounds of other chemical groups, as indicated by infrared

analysis, was obtained from the light. petrol extractives of
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the unmacerated fresh leaves of each individual grass, after
removal of carbonyl compounds by treatment with 2,4-dinitro-
phenylhydrazing, of esters through saponification, and of
ethers through treatment with concentrated sulphuric acid,
followed by alugina column chromatography, as described by
Eglinton gt al. Each total alkane fraction thus obtained
was then subjected to gas liquid chromatographic analysis
employing 0.5% Apiezon L as the stationary phase. After the
gas liquld chromatographic trace of the natural mixture had
been obtained, selected authentic n-alkanes were added to the
mixture and further traces obtained. Intensification of the
peaks corresponding to the added known alkanes then permitted
their identification in the mixture whilst a plot of log
retention time against carbon atom number for the peaks on the
original gas liquid chromatographic trace permitted a complete
analysis of the alkanes present, since such a plot for an
homologous series gives a straight liﬂ6¢17 The various

leaf surface alkane distribution patterns determined as a
result of this work are shown in histogram form in Fig. 1,
whillst the percentage of each alkane in the total alkane fraction
is shown in Table I. Also included in Fig. 1 and Table I
for comparative purpos%s are the corresponding data obtained

from the original work with 'Arundo conspicua'.

Two important facts are readily apparent from Fig. 1 and

Table I.- Firstly, there is considerable divergence between
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the percentage compositions of the surface alkane fractions
obtained from the rhizomes and from the leaves of the Cortaderia
species growing at Plimmerton from which the second large

scale extraction of arundoin was made in June 1965.

Secondly, there is considerable divergence between the per-
centage compositions of the surface alkane fractions obtained
from the leaves collected at the different periods September
1959, Decsmber 1961 and June 1965 of the Cortaderia speciles

growing at Plimmerton, although the alkane pattern of the leaves
collected in 1965 would appear to be in sufficient agreement

with that of authentic Cortaderia toetog from Dr. Connor to

give further support to the evidence presented below that the

unidentified Plimmerton species is indeed Cortaderia toetoe.

However, all three New Zealand Cortaderia speciles, viz. C.

toetoe, C. fulvida and C. richardii show similar leaf surface
alkane distributions. This fact, coupled with the occurrence
of anatomical and seasonal variations in alkane distribution
pattern as made apparent by the studies with the Plimmerton
material already mentioned, raises considerable doubt as to the
fulfilment of the original hopeslg,l9 of employing plant alkanse
analysis as a taxonomic tool. In this connection it may also
be noted [as kindly pointed out by Dr. Connorzoj that the
surface wax of Cortadseria specles appears most abundant on the
young developing tillers and that there may be little wax left
on the older leaves, which again raises the possibility of

variation in the composition of the wax as well, Other studies
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on the presence of cyanogenetic glycosides in Cortaderia
spaciesgoggi have shown that these compounds, although present
in young plants, may be absent from older plants. Again,
experiments on the total quantity of leaf surface wax presengg

in the grass Poa colensoi Hook, f. [blue tussock] have shown

that the amount of wax present increases in inverse ratio to the

quantity of rainfall and increases slightly with increase in

22
temperature . It was also suggested that wind might influence
22
the total quantity of surface wax presente. No determinations

of the compositions of the wax were, however, attempted in this
work.

From the foregoing it is abundantly clear that considerabls
caution must be applied to any attempted application of plant
alkane analysis to chemotaxonomy. Certainly it is appafent
that a systematic investigation into the possible influence of
seasonal, climatic, geographical and age factors on the
composition of plant surface waxes 1s essential before the
method can be unqualifiedly accepted. At the same time 1%
might be profitable to undertake a detailed comparison of
different techniques ’  of isolating the total paraffin frac-
tion in order to prove complete reproducibility in the isola-
tion of the alkane fractions. In the present work all g.l.c.
determinations were done in duplicate or triplicate with
concordant results, but no indication was obtained as to
any possible variations between different workers or between

different laboratoriese.
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In the present work, there would, perhaps, appear to be

g distinction between the native New Zealand Cortaderia species

and the South American Cortaderia species introduced into

New Zealand, in that the former seem to have a lower percentage

of the C component [as compared to the C component] in
31 29
the leaf wax than the latter. Indeed in the case of the

South American species Cortaderia atacamensis the C 1
3
component is found in the present work to be the major

constituent rather than the C component which is the major
29
constituent in the other four species.

The alkane analysis of the Cortaderia species collected

by Dr. Hodges at Raglan in March 192685, does not permit of any

assignment of %dentity to this species, which on bptanical
0

identification would seem to be Cortaderia toetoe, although

there would appear to be some differences from typical
20
Cortaderia toetoe plants from Wellington province . It

is perhaps pertinent go note, though, that personal obser-
0

vations by Dr. Connor suggest that the most abundant

Cortaderia species in the Raglan district is the South

American Cortaderia selloana with some of the New Zealand

Cortaderia fulvida also present. Any possibility of

hybridisation between C, selloana and C. fulvida such as has
24 25
been suggesged by Dawson and repeated by Danseresau [ses
6 20,26
too, Connor ] would seem quite impossible ’ on account

of the widely different flowering timesof the two species

[late November-December for C. fulvida and mid March - late
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April for C. selloagg?6 ] and on account of genetical
difficulties arising from differences in chromosome numbersgo
which are C. fulvida, 2n=90 and C. selloana, 2n=72,

Similarly, differences in flowering times of the New Zealand
C. toetoe [late January-February] and the South American C.
selloana [mid March -~ late April] again coupled with
differences in chromosome numbers make it extremely unlikely
that hybridisation can occur between these two species. Thus,
asmpointed out by Connorzﬁ, there seems little likelihood of
hybridlisation between indigenous and introduced speciaes of

Cortaderia in New Zealandy although hybridisation is known

between the two indigenous New Zealand species Ce. richardii
and C. fulvidafo
It is noteworthy that none of the grasses examined appeared
to contain any branched alkanes since none were detectable
by gas liquid chromatographic analysis under the conditions
employed. All the peaks obtained on the gas liquid chroma-
tographic traces fell on the one straight line when log
retention time was plotted against carbon atom number. Whers
isoalkanes are presant, they give rise to a second straight
line which is not coincident with the n-alkane line, when log
retention time is plotted against carbon atom numberlg,z?gzaa
In connection with the alkane distribution pattern of

Poa anceps, it might be of some interest if the alkane

distribution pattern were to be determined for the related

Poa colensol ~ especially in the light of the studies on the
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variation in the quantities of total surface wax with

climatic conditions which have been reported for the latter
22

grass.

2 Analyses Of The Total Fatty Acids And Alkanols Present

In The Surface Waxes

These analyses were performed without distinction between
the free and combined [as esters] acids and alcohols. Thus,
the total light petroleum extractives from each plant wers
separately saponifiede. The resulting total mixed acid
fraction in each case was converted into a mixture of the
derived methyl esters by the action of diazomethane and ths
esters so obtained subjected to gas liquid chromatography
on 10% PEGA columns at 175%. After the gol.c. trace of the
gsters present in each mixture of natural origin had been
determined, further ge.lsc. experiments involving the addition
of authentic methyl esters to the mixtures of natural origin
were performed- In this way identification of the components
of the unknown mixtures was achieved through the intensifi-
cation of the appropriate peaks. A plot of log retention
time against carbon atom number then permitted further
ldentifications.

Similarly, each total alcohol fraction obtained from the
saponifications was converted into a mixture of acetates by
means of acetic anhydride and the derived acetates identified
in each case through gas liquld chromatography, with the aid

of separate intensification experiments involwving the addition



*sJoqso TAULLW PSATIOP 912 IO 80vIg oyl uo syeed o) Muﬁmﬁ
pesotous Jaded JurpIoosa 9Yq JO SeaIR 9] IO UOTIRIT9QUT OTJIaawTArIS Aq pouUTeiqo axsm sofequsdisd

*qU8qUODd PTOR Te30% oh3 Jo o8equeoxed v se pesseadie ST PTOe TENPIATPUT Ue JO JUSIUOD YT .
¢T . 6Z 2¢ ce mthmﬂ . sdeoue e0g

| (0)

T 25 - 9z 42 seses] ‘ STSUSWROEE B LI9DPe3.100)

& o Q2 ¢z soawaT . . BUBOT 98 BTIopeqaon

SHIDHdS VISEQVIHEOD
NVDOI¥EWY HLNOS (€)

5T ¢ | og T seaeor] _ . TIPIEYOTI BTIPRIIO)

¢T. 49 | 92 82 SEVNE A BPIATO] BTIoDEILO0

8 6% 62 e saARaT 909907 BTIIPRIIOD
TOQIBUMTTI 4®

9 HT 6¢ 6T 22 SETN-Ely ) . mwmﬁ SUN PILOSTTO0 $9TO9dS BTLISPRIIO)
3 _ . TOLIBUWWTITg 2%

g GT 2% o¢c 92 SSWOZTUY GOAT dunp pesl3osTTod soToads BTISPEIIO)

SEIDEAS VINEAVIIO0D
QNVIVAZ MEN (V)

ooy Doy PIoY PIOY PTOy | pogoeIaxy

pTeTo | oTamesg | oTjTWTR] | OTASTALy | oTameT | uoTjaog Fretd

x 00G4T 3V SWMTO) yHud $0T UQ SI=)Sy
TAYIOW PeATIaq 2y JO 4ydeadojewody) PINRT] Sep Ag pouTWIslsq Sy
squauodwoy) Xep eoeIang Ul SPTOY L3438 JO UOTANQEIFST( agequUadIag

IT E78vVd




*S94e1908 POATIOP oY1 JO 902J1 9ygq UO suead
8z Japun pesoTous Joded BUuTpIoOaI Ul JO SeaJe o3 IO uoTaeidsquT oTaqewtarvad £g pauTeiqo sJem saBwquesasg

*qUo3UO0D TOUOOTEe Teq0a 3Ua Jo oFejuosdied e se passaldxs sT TOUOOTR TeNPTATPUT UR JO QU3qUO0D O], "
4 1h 0% 22 SEYNEL) sdeoue BOg

(2)

02 9¢ w2 .- 92 Saned] STSUSWEIRGR BTISPRILI0)

61 2 62 oT SEY N Elyy BUSOTT9S BILJISPEIION

SETOHAY VIaraygaoD
NYOTEEY HAA0S  (4)

¢T | Q¢ 92 , ¢e soAeaT TIPIBUOTL E1dopeadon

4T | Ok 6T He soaesT BPIALOL BLLOp2Ad0D

HT Q¢ 02 92 sanrea 904907 BTiepesdo)

UOLISWUTT 2B mmmﬁ ounp

[4 9 T 62 e SoABoT Poa29TTO0 Sotoeds BTISPEIIO)

- UOQISUMTT 38 GQAT aunp
6 2T 6% Q2 0z SOWOZ TN Po103TT00 sotoeds BTIOPETd0]

FI0MAS VINHEAYI00)

NV V7 Aol (V)

Pe10BIXY

UOTLIO0F Held

FO-[-Uedepeiysy |yo-T-Uedspoq |yo-T-Ueds([ |yo-T-Ueid( |yo-T-Uexoy

x DoGAT 3y SWwmTo) yoHud %0T U0
$218990Y POATI®(] o, JO Audeadojemosy) pInoTT Sey) Lg PoUTwIald( Sy

squsuoduio) xXep 208IJNg UL mﬁommxﬂq:m IO UOTQNYTIAST(Q ofequedisd

IIT TTdVL




685

of selected authentic acetates.:

The results of the fatty acid and long chain alcohol
analyses are shown in Table II and Table III respectively-
A certain amount of difficulty was encountered in performing
direct integration of the areas under the peaks on the traces,
so, in order to determine the percentage compositions of the
different mixtures, resort was made to a gravimetric integration
procedurse in which the area enclosed by each peak on a trace
was cut out and weighed.

The results of the fatty acid and long chain alcohol
analyses would seem to indicate that such analyses have little
potential application in chemotaxonomic distinction of the five

Cortaderia species-. In no case did the total number of acids,

nor the total number of alcohols exceed five, whilst the same
four acids [lauric acid, myristic acid, palmitic acid and
stearic acid, i-.e- the usual acids of the glyceride pool] and
the same four alcohols [n-~hexanol, n-octanol, n-decanol and

n-dodecanol] were present in all five Cortaderia species in

comparable relative amounts. Moreover, palmitic acid was the
preponderant acid and n-decanol was the preponderant alcohol
in all cases-

The detection of the unsaturated acid,; oleic acid,

together with tetradecanol in the Cortaderia species from

Plimmerton [both leaves and rhizomes] and its apparent absence

from the other Cortaderia species [especially C. toetoe with

which the Plimmerton species is concluded to be identical -



FIGURE 2

Parallel Between Proposed Biogenesis Of n-Alkanes

And Biogenesis Of Corynomycolic Acid
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E?ide infra] may reflect geographical or climatic variation
or may result from'sampling grror since far greater quantities
of total extract were available from the Plimmerton material

than were available from the other Cortaderiag. Seasonal

variation would not be a possibility here since the 1965
Plimmerton material and the five authenticated Cortadg;jg
speciles were all collected at the same time of year.

A noteworthy feature of Table III is the short chain

lengths of the alcohols [C }J~ The chain lengths of the

G”CIA
acids in Table II [012-018] in relation to the chain lengths

of the n~alkanes in Table I [023~033] are as to be expected
in terms og current biogenetic theory in which it is
9 .

considered that one route at least leading to the formation
of n-alkanes involves the coupling of two molecules of fatty
acid before decarboxylation and reduction to the paraffin occurs,
much as in the established bilogenesis of corynomycolic acid?o
The apparent parallel between thls potential route for the
biogenesis of the n-alkanes and the biogenesis of corynomy-
colic acid is portrayed in Fig. 2.

The results of the acid and alcohol analyses as given
in Tables II and III are in agreement with the contention of
Eglinton and IwIamil‘cona9 that there appears to be no consistent
relationship between the distribution patterns of alkanes,
alcohols and acids in plants. In agreement with present

.29
concepts of bilogenesis n-alkanes with an odd number of carbon
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atoms form the major alkane components of all the Cortaderia

species, whilst the alcohols and acids appear restricted to

those with an even number of carbon atomse.

3. Determination of the Presence or Absence of Triterpens

Methyl Ethers.

Infrared analyses of the total light petrol extractives
from the surface wax of each grass revealed the presence of
-1
absorption characteristic of the ether function at 1104 cm.

in the light petroleum extractives of Cortaderia tostos,

Cortaderia fulvida, Cortaderia richardii and of the Plimmerton

Cortaderia species [both leaves and rhizomes] from which the

large scale extractions of arundoin had been made. On the
other hand no absorption characteristic of the ether function
was observed with the total light petrol extractives of either

of the two South American Cortaderia species, of the unidenti-

fied Raglan Cortaderia species, or of Poa anceps.

In order to check the possibility that trace amounts of
triterpene ethers, insufficient to reveal themselves in the
infrared spectrum of the total light petrol extracts, could

still be present in the South American Cortaderia species

or the Raglan material, the light petrol extracts from these
plants were worked up‘[as described below] as if they did
contain ethers. However, no ethers could be detected at the
appropriate stage in the chromatography. Hence, it can be

concluded that the South American and the Raglan Cortaderia
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species contain no appreciable quantities of triterpens methyl
athers.
The general procedure employed for the isolation of the

triterpene ethers from Cortaderia toetoe, Cortaderia fulvida

and Cortaderia richardii was as previously described by
Hamilton4 for his original isolation of ether 'B' and arundoin.
Thus thé total light petrol extractives were chromatographed
over alumina, employing light petrol as eluant, and, after
rejection of the initially eluted fatty material, the crystallin -
triterpense methyl ether fractions were collected.

In this way pure arundoin having identical infrared
spactrum and m.ps with authentic material was isolated from
Co. richardii, C. fulvida and C. toetoe. However, the later
fractions from C. toetoeg showed m.p.s. lower than that of pure
arundoin and were therefore assumed to be mixtures [in accord

4
with the work of Hamilton on “Arundo conspicuals

Application of gas liquid chromatography using 0.5% Apiezo:r
L and 1.5% SE-30 showed that only one peak, corresponding in
retention time to arundoin, was present in the total triterpene

methyl ether fractions from both C. richardii and C. fulvida,

but that the later fractions from the alumina column chroma-
tography of the triterpene methyl ether fraction from C. toetoe
gave'rise to 3 peaks on the traces These same 3 peaks were
present in the traces obtained with the triterpsne ether

fractions from both the rhizomes and the leaves of the
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Plimmerton Cortaderia species - indicating that this speciss

must in all probability be Cortaderia tostogs: Certainly,

the habitat of this material in swampy ground at Plimmerton
20

would be in agreement with this conclusion -

Hence the five authenticated Cortaderia species invest-

igated can be divided into 3 classes on the basis of the tri--
terpene methyl ether analysis: 1. the two South American

Cortaderia species which contain no triterpene methyl ethers;

ile Cortaderia richardii and Cortaderia fulvida which each

contain arundoin as the sole triterpene methyl etherj and

iiie Cortaderia toetoe which contains arundoin and at least

two other triterpene methyl ethers.
Addition of 5a-cholestane to the mixture of triterpene

methyl ethers obtained from Cortaderia toetos showed that on

the different g.l.c. columns the retention times of the peaks

observed, relative to 5a-cholestane [=1,00], were as follows:-

0.5% Aplezon L 1.5% SE-30
Peak I  [Ether 'B'] 2,79 2444
Peak II [Ether 'C'] 3.18 2.72
Peak III [arundoin] 4,28 3.21

Preparative gas liquid chromatography was successful in
separating the materials responsible for Peaks I and II which
were then ildentified by thelr mass spectra and subsequent direct

comparison with authentic specimens as @-amyrin and a-amyrin
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methyl ethers respectively-: This work is described in

detail in sub-section C - ses on, Before this work was
successfully undertaken, howsever, in an attempt to facilitate

the ildentification of individual triterpene methyl ethers

present in mixtures of natural origin, a series of qualitative
gas liquid chromatographic studies with pure authentic tri- -
terpene methyl ethers was undertaken as described 1n the following

sub~section B.

Chemotaxonomic Conclusions with Respect to Cortadaris Species

As is readily seen from the foregoing discussion, studies

on the chemical constituents of the leaf surface waxes of the

various Cortaderia speciles, obtained by cold light petrol

axtraction of the unmacerated fresh leaves, has given rise to
a certain degree of differentiation within the genus. Although
the fatty ester analyses gave no distinction and the alkane

analyses really only distinguished Cortaderia atacamensis from

the other four species, the triterpene methyl ether analyses

gave clear distinction between Cortaderia toestos where arundoin

and the methyl ethers of a-amyrin and @-amyrin were presentj

the two other New Zealand species, viz. Cortaderia fulvida and

Cortaderia richardii where arundoin only was presenty and the

two South American Species, viz. Cortaderia selloana and

Cortaderia atacamensis where no triterpene methyl ethers wers

present. Since the alkane distribution patterns would appear

to differentiate Cortaderia selloana and Cortaderia atacamensis,
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the work has failed only in not providing a distinction

batween Cortaderia fulvida and Cortaderia richardii as far

as the authenticated plants are concerned.
The work has also served To strongly suggest that the

unidentified Plimmerton species is Cortaderia toetoe, but

the positlion with respect to the Raglan species is most
unsatisfactory. The botanical identification of this

material as Cortaderia toetos, but the absence of triterpens

methyl ethers is difficult to explain unless a genetic
mutation is responsible. Certainly the production of triter-

pene methyl ethers in Cortaderia toetoe must be under genetic

and not environmental control since the same three ethers are
present in the Plimmerton plants [swampy habitat] and the
authentic plants [habitat, open field].

The marked chemical difference between the three New
Zealand species, which elaborate triterpene methyl ethers,
and the two South American speciles, which do not, is also
parallelled by fundamental botanical differenceszo. For
instance, the three New Zealand species have sterile stamens
in female plants whilst the two South American species have
staminodesgo. Also_there is a major difference in lemma

20
differentiation between the two groups o
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B. Gag-Liguid Chromatographic Studigs

With Triterpene Methyl Ethers

As pointed out in an earlier sub-section, it was
considered desirable to have available data on the relative
gel.c. retention times of different triterpene methyl ethers,
in order to facilitate their ready identification in mixtures
of natural origine. Accordingly nine authentic triterpene
methyl ethers, obtained either from natural sources or by
methylation of the corresponding triterpene alcohol by
adaptation of the method of Morice and SimpsonSl, ware sub-
jected to a series of gas liquid chromatographic experiments
using different stationary phases and employing Sa-cholestane
[relative retention time =1] as internal standard. The
structures of these compounds are shown in Fig. 3 and their
retention times relative to 5a-cholestane on 0.5% Aplezon
Ly 1.5% SE-~30, 1.5% QF-1 and 1,0% CDMS columns are shown in
Table IV. Preliminary experiments showed that lower temp-
eratures led to increased 'tailing'. '"Tailing ' was also
pronounced on the QF-1 columns at 240°. The most satisfactory
separations were those with the Apiezon L columns which gave
high absolute retention times.

Although the feasibility of separating certain triterpene
methyl ethers by means of gas liquid chromatography had been
demonstrated by Hamilton4 in his successful separation of

Bther 'B' from arundoin, the present work would appear to
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represent the first systematic study of the gas liquid
chromatography of triterpene methyl ethers. There have,
however, been published several papers on thg gas liquid
chromatography of othsyr triterpenoidslsaie,’sa including
saveral triterpene trimethylsilyl ethersls?lg.

Examination of Table IV reveals that none of the four
stationary phases employed gave rise to any clear-cut distinct-
tion between the five ethers [compounds I-V in Fig. 3] derived
from the oleanane or rearranged oleanans skeleton - a result
in agreement with the earlier observation by Hamilton4 that
B=amyrin methyl ether and taraxerol methyl ether showed identical
retention times on Apiezon L columns = so despite the ease of
preparation of triterpene methyl ethers from the parent alcohol
by the method of Morice and Simpsonsl, it would appear from the
present work that gas liquid chromatography of methyl ethers
may not be of as useful application in the triterpene field
as 1t is in the steroid fieldg*ll. Gas liquid chromatography
employing silver nitrate in the stationary phase, as has been
successfully used in the separation of other mixtures of
olefin isomers33 would not seem applicable to the present
situation, in view of the high temperatures required in the
goloc. of the triterpsene methyl ethers. Separations of
mixtures of the five triterpene methyl ethers I-V, might prove
feasible with thin layer chromatography incorporating silver
nitrate or mercuric salts in the a&énrbant, but this was not

attempted in the present worka | Preliminary attempts at
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temperature-programmed g.l.c. with an SE-30 column falled to
achieve a separation of taraxerol methyl ether, and @-amyrin
methyl ether, and this approach was not further investigated.
The identical [within the limits of experimental error -
see aexperimental section] retention times of ethers I-V were
further substantiated when varlous mixtures of ethers from this
group, taken two at a time were subjectdd to gas liquid chroma-
tographye Thus a single symmetrical peak, giving no hint of
the presence of two components was shown by mixtures of @-
amyrin methyl ether with taraxerol methyl ether, of (-amyrin
methyl ether with germanicol methyl ether, of taraxerol methyl
ether with germanicol methyl ether, and ofB—-amyrin methyl
ether with germanicol methyl ether, on the Apiezon L. columne.
Similar results were obtained on the SE-30 column and on the
QF=1 column. In fact the only case where the presence of two
components was even suggested was with the palr germanicol
methyl ether and taraxerol methyl ether on the SE~30 column
and here the asymmetry of the peak was barely discernible.
Similar asymmetry in the peak obtained with a mixture of
germanicol methyl ether and G-amyrin methyl ether on the SE-30
column was not detectable. Hence it is apparent that differ-
ences in relative retention time of the order of 0.1 [german-
lcol methyl ether = 2.54 and taraxerol methyl ether = 2.45 on
SE-30] give no separation. On the other hand the SE-30

column gave a clear separation of any one of the oleanane group
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ethers from a-amyrin methyl ether [relative retention time
20,73] »

A mixture of bauerenol methyl ether and arundoin, although
not fully resolved, clearly showed as a mixture of two components
on the Apiegon L column [Fig. 4] but gave only a single symmet-—
rical peak on the SE-30 and QF-1 columns. This difference in
the relative order of retention times on the Apiezon L and SE-30
and QF-1 columns is in accord with other studies of the gas
liquid chromatography of trilterpenes on different stationary
phases15716o

The inability to achieve separation between the methyl
ethers derived from the oleanane skeleton on any of the station-
ary phases employed might suggest that, at the high temperature
involved [240YC], backbone rearrangement was occurring on the
columns to give the same thermodynamically stable compound
[which would be expected to be §-amyrin methyl ether] as the sole
species eluting from the columns, That this was not the case,
however, was shown by ewmploying preparative g.l.c. columns in
place of the analytical columns and collecting the eluted
material. In this way, utilizing the dlagnostic mass spectral
cracking patterns of pentacyclic triterpene534935, it was
shown that taraxerol methyl ether and @-amyrin methyl ether
emerged unchanged from 1.5% SE-30 and 1.0% Apiezon L columns
at 2400, whilst employing infrared spectral characteristics it

was shown that multiflorenol methyl ether emerged unchanged
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from a L.0% Apiezon L column at 240°. That no rearrangement
was occurring with the ursane skeleton was apparent since
bauerenol methyl ether and a-amyrin methyl ether were readily
resolved on the Apiezon L and SE-30 columns at their different
characteristic retention times at 24003 although they were not
resolved on the QF-1 column.

It would thus appear with respect to the methyl ethers
derived from the oleanane or rearranged oleanane skeleton that
differences in polarity or conformational restriction are in-
sufficient to permit resolution of mixtures of these compounds
on gas liguid chromatography under the conditions employed in
the present worke These two factors of polarity and conform-
ational restriction together with molecular weight {in the
present case, constant] are recognised9 to be the main influences
on relative retention times .

In connection with the virtually identical retention times
of the five methyl ethers of the oleanane group it is of interest
that very close retention time values for B-amyrin [3.23] and
taraxerol [3.14] on 1.3% SE=30 columns have been reported15
by the Japanese workers. Similarly the trimethylsilyl ethers
of P-amyrin and taraxerol appear to have very similar retention
times, being 3.34 and 3.157 3.12 and 3.127 and 3.42 and 3.33
on 2% CNSi, 1.5% QF-1 and 1% NGS columns respectivelylS°

The spread of relative retention time values on the SE-30

columns shown in Table IV, viz. 2.44 - 3.43, is somewhat lower
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15
than the range of 3 = 6 previously reported for monosub~

stituted pentacyclic triterpenes on SE-30 columns where the
substituents are hydroxyl, keto, acetoxyl, methoxycarbonyl
atc., but again this would be in accord with the relatively
non-~polar nature of the methoxyl group.

The extensive gas lidquid chromatographic studies carried
out in the steroid field have permitted detailed analysis of
the influence of given substituents in given nuclear positions
on the retention time and tables of 'group retention factors'
which are the relative changes in retention accompanying the
introduction of particular substituents [especially double
bonds] are availablegwlze The 'group retention factor' is
definedg as the relative retention time of the staeroid bearing
substituent x divided by the relative retention time of the
analogue lacking substituent x - with each relative retention
time normally measured with respect to Sa-cholestane = 1.

In the present work, however, no such detailed correlations

are feasible owing to the constitution of the compounds studied
and the absence of saturated analogues, and parent hydrocarbons
as reference standards. It may be noted that within the nine
triterpene methyl ethers studied [for formulae see Fig. 3]

there are seven different nuclear systems represented. Thus
three of the compounds [the methyl ethers of germanicol (I),
§-amyrin (TI) and G-amyrin ([II) possess the unrearranged

olsanane skeleton, one [the methyl ether of taraxerol (IV)]
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is a derivative of D-friedo oleanane , one [the methyl ether

of multiflorenol (V)] is a derivative of D:C=-friedo oleanans,
one [a-amyrin methyl ether (VI)] is a derivative of ursane,
one [bauerenol méthyl ether (VII)] is a derivative of D:C-
friedo ursane, ons [arundoin (VIII) is a derivative of E:C-
friedo lsohopane and one [eylindrin (IX)] is an E:iC~friedo
derivative of the as yet unnamed parent compound giving rise
to the arborinol series.sv?ag

It is nevertheless of interest that the ratio of the
relative retention times of QB~amyrin methyl ether and multi-
florenol methyl ether of the oleanane group is not the sams
as the ratio of the relative retention times of the corres-
ponding ursane analogues, viz. a-amyrin methyl ether and
bauerenol methyl ether on any of the stationary phases.

When the data given in Table IV are taken in conjunction
with the limited data available from obher studies = o
of the gel.c. behaviour of triterpenses it would appear that
a generalisation may be emerging in that compounds derived
from the fundamental oleanane skeleton would seem to have lower
retention times than analogous compounds based on the ursans
skeleton, which in turn would seem to have lower retention
times than analogous compounds based on the isohopane skeleton.
However, further detailed studies are required in order to
ascertain whether or not this trend will be confirmed. In

this connection, further g.l.c. studies with the methyl ethers
of lupeol, glutinol, friedelan -3 f-ol, phyllanthol, taraxasterol,
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Ggwtaraxasterol and hydroxyhopane might profitably be under-
I

e

G TdentiZicol ion Of The Triterpene Methyl Ethers Of

Cortaderia tostoe And Theilr Biogenetic Implications.

In terms of the analytical gas liquid chromatographic
results dlscussed in the previous section B and summarised in
Table IV, it is apparent from the retention time data given
on Page.72 for the g.l.c. analyses of the mixture of triter-
pene methyl ethers from Cortaderia toetoe, that, in addition

to arundoin, the mixture probably contains a-amyrin methyl
ether [hitherto unreported in nature] and ".at least one methyl
ether from the oleanane group. In the absence of any gas
liquid chromatographic system proven capable of resolving
mixtures of the five methyl ethers of the oleanane group
(compounds I-V) and in the knowledge that no separation
occurred with thin layer chromatography using silica gel or
alumina as adsorbants with a variety of different moving
phases, it was decided to obtalin the material responsible

for Peak I and the material responsible for Peak II in the
gols.c. traces by means of preparative g.l.c. and then subject
each sample to mass spectral analysis Iln an attempt at
further identification. Preparative gas liqulid chromat-
ography, employing a 1% Apilezon L column at 240°C was
successful in separately providing the two materials and the

mass spectral analysis showed that the material corresponding
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to Peak I had a mass spectrum ldentical with that of
authentic {(=amyrin methyl ether [thus confirming the
conclusions of Hamilton4 as to the identity of Ether 'B']
whilst the material corresponding to Peak ITI [ie. Hamilton's
Ether 'C'] had a mass spectrum identical with that of
authentic a-amyrin methyl ether. The observed and predictgg’ss
major mass spectral cracking peaks for various triterpene methyl
ethers are shown in Table VI, subsection F - see later.

Although the presence of other triterpene methyl ethers

of the oleanane group in Cortaderia tosetos can not be ruled

out, the fact that thelr presence could not be detected by
mass spectrometry, nor in the infrared spectrum of Ether 'B'
which was identical with that of synthetic f-amyrin methyl
ether, would tend to indicate that, if such compounds are
present, it is only in very small amounts, oimilarly the
mass spectrum and infrared spectrum of Ether 'C' showsd that
this material was predominantly, 1f not entirely, the methyl
ether of a-amyrin, so that any other methyl ethers present,
having the same relative retention times as the methyl ether

of a=-amyrin, could also only be present in trace quantities.

Biogenetic Considerations

The co-occurrence in Cortaderia toetoe of methyl ethers

derivable from the oleanane, ursane and isohopane skeletons
is of considerable interest in terms of current biogenetic

theory, since it would imply the existence of two separate
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eyclisation mechanisms of squalene in the same plant. In
order that this may be seen more clearly a brief resuméﬁof
presenit-day concepts relating to the biogenesis of triter-
penes is desirable. Moreover such a survey would seem part-
tcularly timely in view of the heightened current interesﬁ

in plant triterpene biogenesis resulting from plant tilissue
culture experiment937,4o which promisea to afford a sophlsti-
cated method of experimental verification of the finer details

of the theory.

Current Theory On The Biogenesis Of Triterpsnes

Elegant d?ductions by Eschenmoser, Ruzicka and their
co;l.leagu.e841“4“3 in Swiﬁzerland, extending earlier proposals
on the biogenesis of cholesterol from squalene via lanosterol
by Woodward and Bloch449 have indicated that all triterpenes
and steroids of established structure can, theoretically at
least, if not in reality,; be derived from all trans squalene
according to one of several separate cyclisation mechanisms,
sach of which gives rise to the observed absolute stereo-
chemistry of the resultant products. There would now appsear
tc be at least seven of these separate cyclisations operative
in Nature, although of course others are theoretically possible
and compounds formed via other modes may still remailn to be
discovered. These seven cyclisations of all frans squalene

[itself formed wvia mevalonic acid and the isoprenoid route

by & mechanism involving the tail-to-tail condensation of two
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molecules of farnesyl pyrophosphate ] may be briefly
outlined as followss—

1s Cyeclisation in chair, boat, chair. boat conformational

sequenca.

Synchronous cyclisation of all trans squalene in chair,
boat, chair, boat conformational sequence gives a fundamental
tetracyclic carbonium ion from which several groups of triter-
penes and the steroids can be derived. It has been customary
to regard the initiation of this cyclisation as taking place

through the intercession of the hiological equivalent of OH'?"46

but recently emphasis has been givenéP to the view that
cyclisation is in reality induced by H* to give a hydrocarboh,
which, while still bound to the enzyme in some way, then under-
goes selective hydroxylation at what is C-3 in steroid and
triterpene numbering. This interpretation as well as doing
away with the need to postulate such an unlikely species as
OB would rerhaps explain the occurrence in Nature of various
triterpene hydrocarbons such as taraxerene and the fern
triterpene hydrocarbons, as well as the incorporation of
labelled lanostadiene into lanosterol in cell-free systems
from yeasté?a It would also be in accord with established
hydroxylations at other saturated secondary carbon atoms of
the steroid nucleus by mammalian and microorganismic enzyme
systems in which atmospheric oxygen [not oxygen from water]

is involved to give a species believed to be akin *l:o-OHa%8

The chair, boat, chair, boat mode of cyclisation of all trans
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squalene is shown schematically in Figure & in which the
usually portrayed oH" is employedo Moreover, for the sake
of simplicity, the fundamental carbonium ion, designated a,
has been portrayed as a classical carbonium ion, altbough
representation of @ in this way does not depict the origin
of the observed control of the absolute configuration developed
at the carbon atom marked as number 18 in the subsejuent
history of «. In order to show the develcpment of specific
configuration at C-18 [which is renumbered as C~-20 irn the con-
ventional steroid and te!iyacyelic triterpene numbering
systems 86949] it is customery to depict a as baing equivalent
to certain bridged non-classical carbonium iouns. The numbering
systems employed in Figo 5, and in the subsequent ligs, 7,10,15,
17,18 1is as in squalene, and not as in the conventional triter-
pene and steroid numbefing systems, in order that the origin
f the nuclear carbon 2-oms in the warious cyclisatlon products

may be more readily recosrnised.

it may be noted that formation of the 9,14 bond to enclose
'the third 6-membered ring, ring C, [Fig. 5] involves an anti-
Markownikoff addition with respect to the 13,14 double bond.
Formation of the 13417 bond to create the 5-membered ring D
avoids a second anti-Markownikoff addition with respect to the
17,18 double bond, as would be involved in the formation of a
13413 bond with a 6-membered ring D,

Tﬁe fundamental carbonium ion a then acts as a common

41-43
precursopr for several distinct skeletal types, namely,



FIGURE 5

Derivation Of Compounds Resulting From Cyclisation Of All Trans

Sgualene In Chair,Boat,Cheir,Boat Conformational Sequence
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tetracyclic triterpenes of the fusidic acid-helvolic acid-~
cephalosporin Pl group5o9 tetracyclic triterpsnes of the
lanostercl group, tetracyclic triterpenes of the bryogenin-
cucurbitacin group, pentacyclic triterpenes of the ecycloartenol
group, and steroids with both normal [{.e. R] and abnormal
[i.8o S] configuration at C-20 [steroid numberingf% The
routes to these different groups from o are outlined in Fig.
5o These different routes are defined by the intercession
or otherwise of the typs of backbone rearrangements involving
stereospecific 1,2 hydride shifts and Wagner-Meerwein-like
1,2 methyl group migrationsSl upon which Allard and Ourisson36
based their friedo nomenclature for rearranged triterpene
skeletons. The various representatives in each group then
differ from their skeletal prototype with respect to their
degree of oxidatione.

Thus the fusidic acid group of tetracyclic triterpenes
[for which the skeletal protstype has not yet been isolated]
arises without rearrangement of a, through loss of the 17
proton, Subsequent oxidations on the prototype so formed,
igcluding oxidative removal of the (-methyl group from C-1 of
aoo then give rise to fusidic acid (XDbO, the structure of
which is shown in Fig. 6.

The lanosterol series of tetracyclic triterpenes which

52 53
includes lanosterol itself  dihydrolanosterol , certain

% R and S convention for specifying the absolute configuration
of asymmetric carbon atoms as described by Cahn, Ingold and
Prelog, Experientia, 1956, 12, 8l.
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derived compounds in which an extra carbon atom derived
54 55
from formate [probably via S-adenosylmethionine ] has

besn inserted at C-24 [lanosterol numberingl, e.g. eburicoic

58 57
acid (X¥1) 4 and wvarious other more highly oxidised derivatives
58
such as the polyporenic acids, e.g. polyporenic acid A (XI1)
59 60 6l

pinicolic acid (XIIT) tumulosinic acid  and cimigenol are
derived from carbonium ion a by a backbone rearrangement
invelving the following shiftss

176H —»18R [20R in lanosterol numbering]

13aH —3l7a

l&ﬁCHBm-n} 136

QuCH, —p1l4a
followed by loss of the prdton from the 10@-position.

The cyelqirtenol group [which includes compounds such as
cyclolaudenoleaa which has an additional carbon atom in the
side chain, and cycloeucalenol68, which has lost the #-methyl
group from the C-~1 position of a, as well as having an addit-
ional carbon atom in the side chain] can be regarded as being
derived from carbonium ion a via the same rearrangement as is
involved in the formation of lanosterol except that, instead
of loss of the 108 proton, the 10f proton migrates to the 98
position with cyclopropane ring formation occurring through
loss of a proton from the methyl group attached to C-5 and
bond formation to the 103 position. The structure of
eyeloartenol (.X.IV)64 is given in Fig. 6, Further trans-

formations including oxidative shortening of the side chain
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in the cycloartenol prototype ars then believed to give rise

65 66
to alkaloids of the cyclobuxine cyclomicrophyllineG and
&7
buxenine Lypese The structure of cyclobuxineg &V) is
57

shown in Fig. & as is the structure of buxenine G (XVI)O .
This last compound is of further interest, since in addition

to other changes in the cyeloartenocl molecule, the cyclopropane
ring has been =zleaved giving rise to % saven-membersed ring B.

The formation of parkeol (XVII1) > can be considered to
follow the pathway common to the biogenesis of lanosterol and
cycloartenol but after the migration of 9uCHg=—>14a and of
10BH =x 9B a proton is then lost from C-11l of a.

Formation of the bryogenin-cucurbitacin series which
includes gratiogeninvg involves the same series of 1,2 shifts
as were described for the formation of lanosterol plus the
following subsequent additional non fully concerted shifts:

108 ——— 98

5@CHg =———2108

6aH ——5a
followed by loss of the 78 hydrogen atom as a proton. Further
oxidations of the resulting skeletal prototype then lead to
the formation of bryogenin, gratiogenin and the cucurbitacins,
The structure of cucurbitacin A (XVIII)l71 is shown in Fig. 6.

The great majority of naturally occurring steroids [i.e.
those with 20R configuration] of both the plant and animal
kingdoms have generally been assumed to arise through subsequent

41-43
modifications to the lanosterol moleculs s although recently
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it has been suggested that, in some plants at least, the
plant sterols may in fact arise from cycloartenol rather than
from lanoster»ol4oo Cortainly this would be in accord with
the apparent relatively common occurrence of cyecloartenol in
plants and with the rare instances of the isolation of
lanosterol [and also cholesterolvg] from the plant kingdom.
Steroids such as sargasterol (XIX)78 ocecurring in algaa,
which have 205 configuration would appear to arise from ths
as yet unisolated 20-isolanosterol or 20-isocycloartenol
[lanosterol numbering], the formation of which must be an8logous
to the formation of lanosterol or cycloartenol, except that
migration of the 178 hydrogen atom in a is controlled in such
a way that opposite stereochemistry is developed in the first
carbon atom of the side chain. .
Formation of plant sterols of the ergosterol (XX) *
and B-sitosterol (XXI)?b types from lanosterol [or cycloartenol]
involves the addition of a one-carbon unit and of two one-
carbon unitsvag?e‘ respectively at C=24 [lanosterol numbering]
in additionto +the oxidative loss of methyl groups from C-4
and C-14 [lanosterol numbering] which is also involved in the
bilogenesis of the key animal sterol, cholesterol. The exact
sequence followed in the loss of these methyl groups is as yet
inconclusively established978 but the natural occurrence in
cacti of the plant sterols macdougallin (XXII)(9 which has

lost the two methyl groups from C-4 [lanosterol numbering],
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80

and lophenol (XXIII) which has lost the methyl group from
¢-l14 and the P-methyl group from C-4 [lanosterol numbering],
would perhaps indicate that removal of the methyl groups
does not necessarily always occur in the same order in ali
organisms. In animals it would seem that the methyl group
attached to C=14 [lanosterol numbering] is the first to be
lost in the biogenetic route to cholesterol since the inter-
mediary sterols 3f-hydroxy-4,4-dimethyl cholest~8,24~dien681,
3PB~hydroxy-4a-methyl cholest—8—en682 and 3P=hydroxy-4a-methyl
cholest—7men683 (lophenol, XXIIDN have been isolated from
animal sourcess There is also evidence that saturation of
the side chain doubles bond of lanosterol occurs at a late
stage in the formation of the true sterols. Indeed in
animals conversion of desmosterocl [24-dehydrocholesterol]
into cholesterol had been assumed to be the last stage in the
biosynthesis of cholesterol since certain drugs which are
employed as anti-hypercholesterolaemic agents in attempts to
prevent conditions such as atherosclerosis produce an accun-

84
ulation of desmosterol , - but recent evidence has cast

doubts on the validity of this assumptione78 In the plant
kingdom too, it is probable that saturation of thse CBHlS side
chain derived from lanosterol [or cycloartenol], where it
occeurs, is also a late stage and that other plant steroids
formed without loss of carbon atoms from this side chain,

8.8, the steroidal sapogenins and the steroidal alkaloids
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85

based on the spirosclane, solanocapsine o solanidane,
86
veralkamine 4 Jervine, veratramine and cevane skeletons,

may well arise while the side chain is still unsaturated.
Oxidative cleavage of the lanosterol or cycloartenol side
chain in plants, on the other hand, can be considered to
give rise to the plant pregnane groupS? [including alkaloids
of the pregnane, conanine and paravallarine groupsgg].J the
pregnane derived8 car%%nolides, the scilladienolidgs;gghe
plant androstane group , and the plant oestrane group .
With respect to the suggestion40 mentioned earlier, that
cycloartenol rather than lanosterol may be the precursor of
a number of plant steroids, it is of interest that feeding
ixper"iments with cholesterol labelled in the 4-position with

4 .
C have shown that the labelling is incorporated in gge

Holarrhena alkaloids, holaphyllamine and holaphylline .

The animal sterol, cholesterol, in which the lanosterol
side chain has been saturated, likewise gives rise to a varisty
of different steroids via oxidative cleavage of the side
chain. Hydroxylation at C-20 and C=22 [cholesterol numberitg’
followed by cleavage of the 20,22 bonhd to yleld pregnenolone |
and isocaproic acid appears to be the maih route by whfbh thd
steroid hormones are formed - with preghenolone then acting
as key precursor of progesterone, the adrenocorticoids, the
androgens and the oestrogens77’93a The bile acids are formed

from cholesterol via nuclear hydroxylation, oxidation to the

QugneB=oha, teduction to the Ba-hydroxy-5@-compound and
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oxidative degradation of the side chain involving hydroxyl-

ation at C~26, A summary of the groups of mammalian steroids

formed from lanosterol via cholesterol is included in Fig. 5.
Compared with the carbonium ions &, € and$§ resulting

from other modes of cyclisation of all trang squalene [Figss

7 and 15], ion a in Fig. 5 would seem to give rise to relat-

ively few derived skeletal types in nature. This is apparent-

ly due to the unfavourable trans-syn-trans relationship of

the %/B and %/C ring fusions and the boat form of ring B

in ion & which serve to provide a driving force for the
introduction of an 8,9 double bond [lanosterol numbering],

as in the lanosterol and 20-isolanosterol seriesj of a
cyelopropane ring involving C-9, C=10 and C-19 [lanosterol
numbering] as in the cycloartenol seriesi of a 9,11 double
bond [lanosterol numbering] as in parkeol; or of a cis B/C
ring junction, as in the bryogenin—cucurbitacigoseries; The

existence in nature of the fusidic acid series , however,

shows that this driving force to relieve the trans-syn-trans

%/B, B/C relationship is not so strong as to deny the
exlistence of this systems It may be noted, nevertheless,
that subsequent reduction of the 8,92 double bond of lano~-
sterol proceeds in such a manner as fo give the more favoured

trans-anti-trans relationship of rings A, B and C with a

chair ring B in the derived steroidse.

Unlike carbonium ion f [Fige. 7] carbonium jion o [Fig. 5]
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does not appear to give rise to pentecyclic triterpenes

Al

[exeluding those with cyclopropane rings]s

2.  Cyolisation in chair. chair, chair, boat conformatisndi

SEaUence.

Synechronous cycelisation of all trans squalene in chair,
chair, chalr, boat conformational sequence, as illustrated
in Fig. 7, affords the fundamental tetracyclic cerboniun
ion 8, [squalene numbering], which acts as the common precurso?
of a large number of tetracyclic and pentacyclic triterpenss
belonging to a number of different skeletal types. Once
sgain, as in the formation of ion a [Fig. 5], the formetion
of the 9,14 bond in { involves an anti-Markownlkoff addition
with respect to the 13,14 double bond.

The unrearranged skeleton possessed by carboniun ion .
eppears In tetracyclic triterpenes of the dammar resin groupd4
thich are either formed by loss of a proton from the methyl
group attached to C-18 in ¢ [e.g. dammadienol (ZiIV); or by
direct nucleophilic attack by OH at €-18 in { as in the

dommarenedicls T and II (XXV) which differ, only in the

95
sbereochemlstry developed at this centrs. Ripterocarpol
96 Q7 98
aglaiol 5 carnaubadiol  and octotillol are othewn
29

rapresentatives of this groups Dammarenolic acid (7:Vi)
or 20-hydroxy-Lsd-secodammar-4[30],24~-dien-2-oic scid is
an interesting member of the series in which there hos heen

cleavage of ring & Two of the products obtained. by acid
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hydrolysis of the saponins present in the root of Panax
ginseng C.A. Meyer namely panaxadiolloo and panaxatriollo1
also possess the unrearranged skeleton present in carbonium
ion Qe These compounds are, however, artefacts derived by
acid catalysed addition of the 20-0H group of a dammarenediol~
type compound to the 24,25 double bond to give an e ,d-dimethyl-
tetrahydropyran ring in the side‘chainloo° .In the case of
panaxadiol, the open chain precursor, or true genin, proto-
panaxadiol has been successfully isolated‘?l

What can also be regarded as an unrearranged skeleton
based on carbonium ion § also occurs where there is a hydrids
shift from the 1l7a position to the 18 position in § followed
"by loss of proton from the 13f position since asymmetry at
C-17 is lost with the introduction of the 13,17 double bond.
Isotirucallenol (XXVIIJloz, for example, in which there is
S configuration at C-20 [lanosterol numbering] if it is found
in Nature would be formed in this way. However the 1,2
shifts 170H——» 18, 13— 178 in carbonium ion f result in
opposite stereochemistry, with the side chain in the a-
orientation, being developed at C-17. Friedo backbone
rearrangements initiated by these two 1,2 shifts give rise
to the euphol, tirucallol, butyrospermol and masticodienonic
acld types and their various oxidised derivatives. Thus

backbone rearrangement of ion @ with
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17aH —>18R
136 =—=2178
14aCHg ==2130a
9fCH, —> 148
3 103
and loss of 10aH gives euphol (XXVIII) whilst the analogous
102
rearrangement having 170H ——»185 gives tirucallol (XXIX)

and the derived euphorbol (XXX) which has an additional carbon

atom in the side chainlo2 . A similar process involving
17aH e 18
13BH e 170
14aCH,, mewmep 130
OFCHy =2 140
with loss of proton from C-8 in carbonium ion § leads to the
formation of compounds such as butyrospermol (XXXI)IO?Oghere

configuration is 18R and masticodienonic acid (XXXII)
where configuration is 18S.

Euphol (XXVIII) or butyrospermol (XXXI) appear to be of
considerable further bilogenetical significance since either of
these compounds [or conceivably a closely related substance
in which the friedo backbone rearrangement of carbonium ion
B [Fig. 7] has stopped after the 1,2 shifts l?aH-ﬁ—iblBRi
13BH —» 178, 14aC.H3—--> 13a] would seem to be actingST’ 08
via oxidative ring cleavages, as a blogenetic precursor of the
highly oxygenated bitter principles of the limonin group of

Cyg 'triterpenoids 'y of the C,. compound simarolide, and of

5
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the quassin group of C, "triterpenoids 's  Further circum-

0
stantial evidence in support of this contention would seem to

be provided by the existence in Nature of compounds such as 5
107 108
flindissol (XXXIV) the related 24, 25 epoxide turraeanthin
109
and ebelin lactone (XXXV) which can be regarded as being

formed by the operation of the early stages only of the oxidative
processes giving rise to the limonin and quassin groups. Thus
in flindissol, the structure of which is closely related to
107
the elemi acids yand turraeanthin the full butyrospermol
ring system has been retained intact, with formation of a tetra-
hydrofuran ring system in the side chain, without loss of
carbon atomse This tetrahydrofuran ring system can be regarded
as a formal precursor of the furan ring present in cedrelone
110 111 ~112
(XXXVI) , gedunin (XXXVII) , nimbin (XXXVIII) , andi-
113 114 115
robin (XXXIX) , limonin (XL) and obacunone (XLI) , the
structures of which are shown in Fig. 9, as well as of the
furan ring system present in other related compounds, such as
116 117 118 119
veprisone , hiritin s Swietenolide and carapln . In
all these compounds the formation of the furan ring has been
accompanied by the loss of a 4-carbon fragment from the side
chain [i.0. C__ and 022 with its two appended methyl groups

21
from the side chain inherited from carbonium ion B in Fig.
109
7] Ebelin lactone (XXXV) represents the operation of
another early oxidative stage - namely oxidative cleavage of

ring D - and this compound can be regarded as being formed
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from a dammadienol~type precursor through such oxidative
cleavage of ring D, lactonisation on to the C-14 methyl
group and introduction of a third double bond into the side
chaine

120

Simarolide (XLII) and the various members of the
quassin group, of which the representative members quassin
(XLIII)lgl9 ailanthone (XLIV)122 and samaderin B (XLV)123
are portrayed in Fig. 9, then result from further oxidations
and new ring closures involving oxygen. Gascardic acid124
would appear to be another compound resulting from cleavage
of a tetracyeclic triterpene derived from carbonium ion §
[Fig. 7] - in this case cleavage of ring A.

In addition to backbone rearrangements of the type
already discussed, ion @ [Fig. 7] also gives rise to another
type of rearrangement involving what, in terms of classical
carbonium ion chemistry, can be regarded as a migration of
the 16,17 bond to the 16,18 position. This rearrangement
may, or may not be accompanied by synchronous attack by the
W electrons of the 21,22 double bond on C-17. Thus it
has been proposed125 that shionone which has been assigned
the formula XXXIII [Fig. 8] arises from such a migration of
the 16,17 bond to the 16,18 position followed by the complete

friedo backbone rearrangement
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138H ey 170
1&@CH3~——ﬁ>18a
9fCHy —> 14
10aH =—>» ©Cq
5@CH3——> 108
6aH ~——p 50
1@CH3 — 30

and loss of the a hydrogen atom from C-2 as a proton.
Tautomerism of the resultant enol into the keto form then
gives shionone. This complete backbone rearrangement is
strictly analogous to the formatlon of friedelin by complete
backbone rearrangement of carbonium ion § as 1s shown in
Fig. 12.

Where migration of the 16,17 bond to the 16,18 position
is accompanied by synchronous attack by the V¥ electrons of
the 21,22 double bond on C-17, a new pentacyclic carbonium
ion having a 6-membered ring D in chalr conformation and s
S-membered ring E 1s formed. This new carbonium ion is
shown as }' in Fige 7o Ion J’ can then generate ion B via
what can again be pictured in terms of classical carbonium
ion chemistry as a migration of the 20,21 bond to the 20,22
position. Ion & in turn can generate ion € by migration
of the a-methyl group from C-22 to C-21,

The above rearrangements have been shown in terms of

classical carbonium ions for the sake of simplicity.
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Portrayal as bridged non~classical carbonium ions, however,
sarves to embhasise the stereochemical factors which are
playing an important part in procuring the ordinarily thermo-
dynamically unfavoured generation of what is .essentially
a secondary carbonium ion (8) from what is gssentially a
tertiary carbonium ion () and so providing the driving force,
which together with the influence of the enzymes concerned,
gives rise to the various products in their observed con-
figurationss

At first sight other possible rearrangements might appear
feasible for ions B and‘y° For instance it might seem that
in place of the migration of the 16,17 bond to the 16,18
position, which leads to the production of ion J’from ion @,
nigration of the 13,17 bond of B to the 13,18 position [equiv=
alent to the direct anti-Markownikoff formatlion of a 6-membered
ring D from all trans squalene in a chair, chair, chair, boat
cyclisation sequence] could occur instead. However, if this
were to occur, any synchronous attack by the QY electrons
of the 21,22 double bond would leave ring D as a boat in the
resulting pentacyclic compound. This situation might be
axpected to be thermodynamically unfavoured, thus explaining
the apparent absence of compounds of this type in Nature.
On the other hand, if migration of the 13,17 bond in B8 to the
13,18 position were to occur with pause for conformational

édjustment of ring D to a chair, before attack by the 1Y
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electrons of the 21,22 bond tb gaenerate a new.lV,El bond,

then thefe is complete equivalénee with either the chair,

chair, chair, chair, boat or chair, chair, chair, chair,

chair eyclisation sequences of squalene which are-considered

separately as the fourth and fifth basic modes of cyqlisatioﬁ°
In the case of ion{, migration of the 17,21 bond to

thé 17,22 position might seem an alternative'to the observed

migration of the 20,21 bond to the 20,22 position which gives

rise to ion®. Such a migration by the 17,21 bond would

be expected to give ion A as shown in Fig. 10. Migration

of either the 22@3-methyl group or the 22a-methyl group to

C-21 would then be theoreticaliy possible to give ion B or

ion C respectively. The further migration of the a hydrogen

atom from the carbon atoms designated as 17 to the carbon

atoms designated as 22 in ions B and C [Fig. 10] will then

result in B configuration being developed for the methyl

group at C-22. Thus ion C becomes completely equivalent to

ion & [Fig. 7] as far as a friedo backbone rearréngement

is concerned, and so represents an alternative route of

formation for a-amyrin and the friedo ursanes, but ion B

would give rise to a pentacyclic system having both the methyl

groups on C-~21 and C~-22 in the configuiaﬁion, However-

no pentacyclic systems based on ion B would seem to have

been found in Nature. Although vanguerolic acid (XLVI)186

might conceivably arise from ion B with subsequent introduction

of the 12,13 double bond [e.g. by elimination of a 1eaving

group from the 12-position] the occurrence of tomentosolic
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126
acid (XILVII) with its BH on C-17 [squalene numbering]

would make it clear that both compounds are derived from
a-amyrin [see page 108] and that introduction of the ring E
double bonds in these compounds is a subsequent independent
process.

Two courses of reaction might be anticipated for ionsX .
§and € [in Fig. 7] - viz. 1. stabilisation by loss of a
neighbouring proton or through reaction with a nuclseophilic
species, and ii. backbone rearrangements of the friedo type
already discussed with respect to carbonium ion a [Fig. 5]
and carbonium ion @ [Fig. 7] Which of these two theoretically
available reaction pathways is actually observed will of
course depend upon the particular enargetics favourable to
gach individual ion.

Thus 1t would seem that ion j), which can be regarded as
the fundamental ion of the lupane series, is not particularly
disposed to undergo a friedo backbone rearrangement since no
friedolupane derivatives would appear to have been found as
yet in Nature. Instead ion g ei}‘:ggr picks up OH as in the
formation of monogynol A (XLVIII) , or loses a proton from
one of the methyl groups attached to C-22 to give lupeol

128,129
(XLIX) o Lupeol or monogynol & then act as parent
compounds for more highly oxygenated derivatives such
128 128
as betulin (L) , betulinic acid (LI) , melaleucic acid

130 131 1328
(LITI) 4 alphitolic aecid (LIII) , thurberogenin (LIV)
stellatogenin (LV)lzg, the interesting 29-norlupane

133
derivative, platanic acid (LVI) , and the A-norlupane

9
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derivatives, ceanothic acid (LVII)134 and ceanothenic acid
(LVTII)lsaa The structures of these compounds are given

in Fig. 11 as is the structure of a-apoallobetulin (LIX)136
which has been isolated from monten wax. This last compound
is of interest with respect to the ring E system since like
all compounds of the allobetulin serises it can be regarded

as being formed from a fundamental lupeol-type molscule
through Markownikoff addition of a proton to the isopropylens
double bond with synchronous bond migration to give a six~
membered ring E and attack by oxygen situated on the carbon
in the Q/E junction on the transient secondary carbonium ion
so formed. This process is of course entirely analogous to
the formation of ion & from ion ¥ [Fig. 7] i.e. to the process
by which the fundamental oleanane carbonium ion® is generated
from the fundamental lupane carbonium ionJ/ and so the allo-
betulin series, whilst strictly oleanane derivatives, ars
generally regarded as rearranged lupane derivatives. Any
absolute distinction is, however, meaningless.

A further point of interest concerning a-apoallobstulin
(LIX) 1s that it has suffered a neo rearrangement in ring ABG
with extrusion of a leawving group from the 38 position followed
by migration of the 641 bond to the 6,2 position [numbering
as in ions B and Y, Fig. 7] and loss of proton.

Two other compounds of interest belonging to the lupane
series are canaric acidlB?9 the 2,3-seco acid of the lupane

series corresponding to nyctanthic acid (LXXXI, Fig. 13)
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: 138
of the P-amyrin series, and emmolactone a bis nor
triterpene related in skeletal type to ceanothenic acid,
but lacking C-28.

In contrast to ion ) which does not appear to undergo
friedo backbone rearrangement, ion & (Fig. 7) which can be
regarded as the fundamental ion of the oleanane series reacts
both via stabilisation by loss of proton and via friedo back-
bone rearrangement. - Thus simple loss of the proton from
C-17 in ion 8 gives rise to germanicol (LX)lBSO

Friedo backbone rearrangement of ion & seems very highly
favoured and indeed a wvirtually complete series'of friedo
oleanane derivatives 1s now known. It is to be noted,
however, that since the first two 1,2 shifts involved with.
respect to friedo backbone rearrangement of ion%® are hydride
shifts viz. 18aH—219% and 138H —>18p [oleanane numbering],
the compounds resulting from subsequent proton loss fwom the
138 and 12a positions (8-~amyrin (LXI)139 and B-amyrin (LXII)%éO'
respectively ) still retain an unrearranged’carbﬁn skeleton
apart from the stereochemistry at C-18. Representétive
examples of known naturallywoccurring friedo~oleanane types
are shown in Fig. 12. The only four additional'fypés ﬁhich
bare theoretically possible anhd which do not appear to have
as yet been found in Mature are the DsC~friedoolean—8~éne,
the DsC~friedoolean-9(1l )-ene, the DsB-friedoolean~10 (1 )-ene

and the D:B-frisdoolean-5 (10 )-ene types.



L5

The product resulting from the comﬁlete friedo backbone
rearrangement of carbonium ion & is friedelin (LXVII)145
which lends its name to descfiﬁe such backbone rearrangements.
Friedelin is of further interest since it is believed to be
the precursor of celastrol (LXVIII)M6 and its derived methyl
ester, pristimerin, which are the most highly oxidised penta-
cyclic triterpenes so far to be discovered in Nature.

Another- compound of intereét resulting from friedo back=-
bone rgarrangement of carbonium ion § is dendropanoxide
(LXVI)l44 which 18 also shown in Fig. .12. This compound can
be regarded as resulting frém intramolecular attack by the
oxygen atom of the 38 hydroxyl group on_the same classical
carbonium ion as gives rise to glutinol (LXV)143 with result-~

ant formation of a 38,57 ether bridge and loss of proton off

OXygen «
Also-included in Fig. 12 are the structures for senegenin

| 147,148

(LXIX) and the 27~ nor triterpenoid compound senegenic

148
acid (LXX) , although both compounds are known to be

artefacts produced during the acid hydrolysis of the true

saponin of Polygala senega - namely presenegenin (26,36,
200

27~trihydroxyolean-12-en-23,28~dioic acid) o The formation
of nor triterpenoids on the acid hydrolysis of tritexrpenoid

saponins 1s of not uncommon occurrence as evidenced by the
s .

b

o

isolation of the 28 - noroleanane derivatives norechino-
149 * 150
cystadienol (LXXVIII - Fig., 13) , albigenin and 'Triter-
151 ) - ‘
pene B' under conditions of acid hydrolysis.
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Ion £ ,- which can be regarded as the fundaméﬁ%&i;ﬁbn of
the taraxerstane-ursane series, like ion 8§, also reacts by
both immediate stabilisation and by frisdo backbone rearrange-
ment- Loss of a proton-from the methyl groﬁp on C~2E gives
taraxasteroll52 whilst loss of a proton from C-20 gives

152,153 . -
t¢-taraxasterol from which are derived the corresponding
1énhydroxy1ated compounds = arnidiol and faradiol respective%yb4
as well as the lactone (28-CO0H to 20@0H ) phillyrigigéninlgmo
On the other hand, friedo backbone rearrangements starting
with . |

210H — 220

17aH —» 21a etce.
give rise to several friedo ursanes- Fewer friedo derivatives
appear at present to be known in the ursane serieé than in the
oleanane series, but undoubtedly more representétives will be
discovered: However, one ffiedo ursane derivative of interest.
for which an oleanane analogue does not yet appear to have
been discovered in Nature, is phyllanthol (XCIV % the struct-
ure of which is shown in Fig. 14. This compound can be .
‘assumed to arise in an analogous.manner to that described for
cycloartenol on page . 88, In the case of phyllanthol the.
carbonium ion corresponding to that giving rise %o a~am§rin
[i.e. the carbonium ion in which friedo backbone rearrangement
of ion§ has 'progr_essed as far as localisation of the positive
charge on C-13] suffers attack by the l4a-methyl group with

loss of proton, in place of losing the 1l2a proton for'formaficj



LIk g v2 UL *Ue UTUOLOALT
99t ge ¢e tde fde g pToe 2TsSUL
515 (+PL2 fy09L)

0z 'gze ‘4 L Touddogiutarey
oL gz ‘¢z 'dg¢ ‘og TouodogduLaaey
9L Qe ‘¢z dg¢ ‘oz pIoE oTusfcquTasuy

o2 tle
¢ol ‘doL ‘doi fdg Tousf rravg~"y
¢t g2 ¢z tdg g ptoe oTtounf:
Lot ¢ sqeq808 V. Ihuy -]
o9L 4 suoust Ly ~g
.

6GL deetnie ‘o9l ‘d¢ (0 LoueZosdutasuy) UIPTUTOSOY
1) o¢ ‘d¢ aL (I¥Y' 1) TOTheaedTiay
L6L ge die ‘doL ‘d¢ POV otousy
cagoy | PYO| HOOO | 0%0 HO (41721 uEns Fou30) pun0duoD

sdnodn TeuoTqouty

(Po2STT oay A[UQ SOUCOLTIY)

SN TOoNY

A TUV

utTIAwy—-¢ oYy, SUTUTRIUO) SBULCIDGT], JSUTIINODQ-ATTeanaey



i

E - )
89] 83 - .. ea¥ge ( ATXXT) UTueleiepsy -
G8T*891 82 €3 de, utuslosdLn
2T 83 gor‘de uTusgosomums)
€8T¢89T o] T de. ( IITXXI) DTo® 0138YIILoLTH
281, (014 II | »81.fde pIoe °TIqeTH
18T gzéde T0IpoIYlLIg
. (22°13 ]
08T 83 ‘¢ JI0) mdmim pIoe oTuedesuy
B8LT 89T 82 M@Hamm @ﬂMMﬂuwwwhmmmﬂMMm
B8LT 8% ST 6€. w g I TUEP3TIB TR I0UN(
LLT a4 JMNamm«am! «aPF8 DTUWemy 8I0IPAYEQ
LT 82 RCE A - » o7 TUBF0I030TOIPAUTA
‘ { AXXT)
€6 T°9LT 82 4e%32 ( DTOY OTUTISEH) PIO® OFTo8ee}eld
SLT ve detda 9 PIO® OTWmOD
#LT 82 dot‘de PTo® OTTBYO0D
€Lt 83°L3 g€ pIO® OTTIOYDUTYH
3LL 8g°0g3°d9T1'de utuedad TyYoTYH
TLT 82 gatdoTt s1'de uTusdTooRY
0LT 83 893 pIo® oTTOWBpaIg
691891 ¥2 €, (IIXXT) PIo® OTTTeMsOgYo
sJey °yo| HO0D =D HO (€T3T Uey3 Ieuyjof punoduoy |
0=D
&.u

sdnoasn TeUOTIOUNG

..........................



T03°0%T 9z¢poTéd e ¥ UTUsZeTNWILg
002 8z‘ez L2°de‘dz uTuss ouss oIy
66T 0883 ezédeldz uTUB30008T02 LU
86T 83 g pPIo® oTTou®esTo T
86T 82 € PIO® OTUOUBSTQ
LET 82 818100% PIOB DTTOURST(

89T¢0¥T 83 de DPIO® OTTOUBSTY
961 82 ge ( IAXXT) ©PAyepTBUBSETQ
$6T 62 mmaawﬁaum PTo® OTUSSOTTIAIAR
6T 8z¢ez defoz DPIO® OTUsS®BOTDBK

89101 goTde TOTPBTTUBH
61 82 . d12'de PIOE OTUTIBBYOE)
26T 82 12 ge PTO® OTJIBBYDBK
8T mmﬁuwﬁﬁnm utuedouTds TSUOT
16T 0g TT | %Hm »9T) ‘de PIOV 2TIOonbTT
06T 83 e * 983 g sUspBlUeT
68T 63 g To® OTUOLEY
88T mooﬁum uTqeT TTWenBSOST
48T 83 g 723 w983 xxUTUs80a089071

82 L2 T
98T doTdcor’dLde TousgTiIeq- Y AXOIPAH-GL
*sjey | oyo| HOOD HO (ET%2T ueys I8U30) pumoduop

0=2

2=

sdnoan TeuoIjzoUnNg




mmouomﬁummaaﬁmfwmﬁoa%noMH%npmsﬂﬁuaaaunmm$ BU030BT-82°0 ST wak £xoTLoTedue-¢ 2om muﬁx0|uﬁm.uwﬁ*

ny

g1z 82 1 gg‘deTde’ng . PIO® OTSOUSWOY
13 82 oet¢1zéde pPIO® OTZes®RTeI]
eT2 85 eztdo‘geng DIo® OTTOUTWISY
2124891 83 gotde PIO® OITOUTSOIEUNG
T2 1182 14918°%ge 0z 444 utusdodes uogpuspouydLilg
172 14832 ++@Hmham L utusdodes uoapuepouydAIlg
013 638z dge u pToy otusderndzedg
603 73¢de 2 9 Tous3odeseiog
603 pgédgzide g Tous3odesefog
. (%38 . .
‘d22d12tde I0)
603 Tg¢p2zinTZ2éde y TousSodesefog
| (938°dg a0)
808 pLéde ToTpeIoydog
L03°89T 83 pgTéde pPIO® OTTOUISeIBTg
203 82doTde (IT)6 g utuedoyTieg
L8T 83 € #9332 . £ PTOB OTUURUL 6y
508591 82 €2 p9T¢ge *% proe orerTmd
03 82 ogtde pPIO® oTo0IB1BIANY
. 83‘%2¢d33
£03 pT12¢D9TgE ( IIAXYT) UTueST0sa8030dg
302 83 eztroTédelde PIo® OTORTBIATO4
(ST3T ueys JIoY30) punodmo g
*sjey Y0 HOOD 0=D HO
sdnoan TBUOTZOUMY




pPTOR oﬁOﬂhplmN,m.m 99eQ908 dU0JIRT
-~Ud-gT-URdT0003s-¢ ¢ 7 PTo® OTUjUe} 0Ly OTTOURSTOLXOIPAY-2T  UTudZosdLFAxoapLy-0{T H-2T

TOUS TPR]SAOOUTYDSION
g ITTAXXT ITAXXT

uTtusFerepsy PTO® OT39UIILOLTDH PEOR OTTTeMSOg-D ToTpetsdTdoy
ATXXT 0CHOH ITIXXT ITXXT IXX1

UTIAUY—g WOIJ
POATIS( Seuadad]TJa] SULIINOOO~ATeanje) aATjejussasIday pe3da1og

' ¢T wanvHId



107

of a=-amyrine.

It may be noted that ursane, which has been assigned
the role of a fundamental triterpene hydrocarbon for the
purpose of non:emcZLavt;que3694:9 is in essence itself a friedo-
taraxerstane and it is perhaps unfortunate that this was not
taken into account in its assignment as a fundamental system.
It is also to be noted that once the migrations 218H —>22
and 170¢H—>21la have occurred in carbonium ion & to generate
the ursane stereochemistry at C-22 and C-21 no further change
in the carbon skeleton results from the migration 13°/H-—2178.

Of the warious friedo rearfangad compounds derivable
from ions § and € those with a 12,13 double bond seem partic-
ularly common in Nature. Thus @-amyrin (LXII)14O and its
ursane counterpart, a—amyringla, can be regarded as the parent
systems of a large number of variously oxygenated naturally
occurring pentacyclic triterpenes. In the case of QB-amyrin
some seventy derivatives stlill retaining the unchanged basic
P-amyrin nucleus are now knownzl? and these are listed in
Table Ve The structures of selected examples are shown in

Fig. 18 which also shows the structures of other compounds
Such as norechinocystadienol (LXXVIII)1499 12-H, 13a-hydroxy-
gypsoggﬁgn (LXXIX)zlS, 12~hydroxy~g%ganolic lactone acetate
(IX¥X) , nyctanthic acid (LX?XI) and 2,3-secoolean-12-
en=2,3,28-trioic acid (LXXXII)azl which can be regarded

'fundamentally as @B-amyrin derivatives in which there have bean

further changes other than simple insertion of oxygen functions



pTo® 0TO-Q2-Us-2T
ToyueTTiyg PToB OTINGOY -BINAX0IPAYTQ-gd¢ ‘ 02 § PTO® OTWUWOD
TOX - ~DO0H

@ PTO® OTHMOY pIoe oTAOUINY pTo® OTUOTeTIIT PTOe 9T4eISY
. -O00H XIXXXT TITAXKYT TIAXIET >
H _OCHOH
—OH HOOY oliiee
~=0H \ :
HOOD, HO0D “~0H
m ! ! :
HO0D .
pPToR OTTTeMsog—g PTO®R OTI[O0SIf] utTaayg : To-AQ
IAXXXT  yopn. AXXAT ATXXXT TIIXXXT

*UTIAUY -0 WO
POATIS( SaUadaelTa], JULIINOOQ-L[[einjeN oaTiejussaldsy pPeqooTeg

7T HNOIL



ToURWAYBIYD],

*oangeN UT UMOUUn
TILT3S UOT STYY WoIJ
PSuwIO] Spunoduion

7 uofl

9T @In3tg UT uMmoys se
SOATIBATIS( SNOTIRY

7,

squsuRERIIReI
SUOQXoB (| OpaTa g

4 UOT UMTUOGIEY

: suedoyosT TERUSWEPUNJ
"uotqrsod zz LT eug
OH o3 puog 1z°/T
3o uo1qeadTq

. ‘gg~0 uo
dnoas TAugqew woaJ
vogqoad Jo ss07] ?

*uotgIsod

zzfoz o3 puoq

_ T2°0g Jo uoTqeadTu
= TeoT4a8yq0d4y

”°

o I3}

20Uenbeg TEUOTQRWIOJUD)) 4BO0g JTey) Jdreyn atey)’aiTey) ul susTendg
SUEL], TIY IO UOTGBRSTIOoA) WOJ] JUTETNSSY SpuUNoOdmwo) I UOTIBATILS([

¢T TUMDIL

Toua4ea0}]

AD




108,

(0OH, C=0, COOH).  Thus norechinocystadienol has lost C-28
[oleanane numbering], nyctanthic acid and 2,3-secoolean-12-
en-2,3,28~trioic acid have suffered an oxidative cleavage of
ring A of @-amyrin, whilst 12-H, 13a-hydroxygypsogenin and
12-hydroxyoleanolic lactone acetate have suffered changes
involving the 12,13 double bond of f-amyrin.

Fewer derivatives based on a-amyrin have so far been

discovered in Nature - there being only some twenty so far
a17 :
known . Representative examples are shown in Fig. 14.
. 168,222 223
These are uvaol (LXXXIII) , brein (LXXXIV) , ursolic
216,222 224
acid (LXXXV) s G-boswellic acid (ILXXXVI) , asiatic
225 2206
acid (LXXXVII) , ifflajfonic acid (LXXXVIII) , quinovic
168,222 175
acid (LXXXIX) , commic acid D (XC) , commic acld E
227 228
(xcr) 2a,3B-dihydroxyurs—lamen—BS—oéé acid (XCII) ,
9
the ring A cleaved roburic acid (XCIII) and the cyclo-
156
propane compound phyllanthol (XCIV) which has already been

discussed [page 106) -

3o Cyclisation in chair, chair, chair, chair, boat conform-

ational sequence

Synchronous cyclisation of all trans squalene in chair,
chair, chair, chair, boat conformational sequence gives rise
to the fundamental pentacyclic ion€ [Fig. 15] of the moretane
or isohopane skeleton in a one stage process which involves
anti-Markownikoff additions with respect to both the 13,14
and the 17,18 double bonds.

The pentacyclic triterpenes derived from carbonium ion
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€ may have a special evolutionary significance in terms of
47
the hypothesis, advanced by Barton, that cyclisation of

squalene is initiated by g [rather than by the customarily
proposead OH+] with subsequent introduction of an hydroxyl
group while the newly cyclised sdqualene moleculsg is stilll

bound to the engyme surface. Thus ‘the tritegpenoids derived
' 30
from carbonium ion § (e.g. fern-8-ene (XCVII) , fernene
231 230 230
(XCVIII) , adianene (XCIV) , filicene (C) the epoxide,
232 233
CI , and davallic acid (CII) which are found in ferns

lack a 3-oxygen function, whereas the triterpenoids derived

from carbonium %onf; which occur in higher plants (e.g.
34
moretenol (XCV) which occurs in Ficus macrophylla Dest.,
arundoin (VIII, Fig. 3) which occurs in various grasses
38,190 38
» fernenol (CIII) which occurs in various grasses
235
and Agtemisa vulgaris L. [family Compositae] and simiarenol
236 237
(CIV) , its 2Bf-hydroxylated derivative, adianendiol
237 237 237
motiol (CV) , motidiol (CVI) and neomotiol (CVII)

which occur in Rhododendron species [family Ericaceae] all

possess a 3-oxygen function. It is therefore tempting to
consider that in the more primitive ferns development of the
hydroxylation step subsequent to the cyclisation step has not
occurred, whereas in the higher, more recently evolved plants,
this hydroxylation step has been developed. The only possibls
contradiction to this conclusion in the light of present day
knowledge would seem to be the occurrence of the 3,4~epoxide,

238
adiantoxide (CVIII) in the fern Adiantum capillus Vaneris
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should the epoxide function be formed wvia an original hydroxyl
function at C~2 [numbering as in carbonium ion ®]. However,
formation of the epoxide in this way would seem unlikely on
two countse Firstly the a-~configuration of the epoxide in
adiantoxide is difficult to explaln in terms of the usual
B~configuration of the hydroxyl group at C-3 in stercids and
triterpenes and secondly the existence of the epoxide CI,
clearly derived from carbonium ion § after the 1,2 shift
21laH-— 22 suggasts that epoxide formation does not occur
through attack of an hydroxyl group on a carbonium ion [sited
on an adjacent carbon atom] which is developed during the
fundamental friedo backbone rearrangement process. Rather
such epoxide formation would seem to take place via a separate
process occurring subsequently to the friedo backbone re-
arrangements, e.g. glycol formation at a double bond or
insertion of an hydroxyl group at a saturated carbon atom

¢ to a carbon atom already bearing an hydroxyl group, with

ong of the vic hydroxyl groups then serving as 8 leaving

group [e.g. through conversion into some type of phosphate
estar].

Carbonium ion$§ [Fig. 15] can apparently stabilise
without rearrangement by loss of a proton frog one of the
methyl groups on C-22 to give moretenol (XCV) 34, It can
also apparently glve rise to an extensive series of‘igiggg

backbone rearrangement products as is apparent from the
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representative compounds shown in Fig. 18, all of which can

be regarded as being formed by successive 1l,2-shifts and proton
eliminations completely analogous to those portrayed in detail
in Fig. 12 for the fundamental oleanans carbonium,ion.g.

At present relatively fewer compounds based on the fundamental
isohopans ion ® have been discovered in Nature than are known
based on carbonium ionsJJ, & and € of Fig. 7, but undoubtedly
many more will be found. Nevertheless, at the present time,
of the 15 theoretically possible positions for double bond
generation resulting from 1,2 shifts starting with 2loH-—» 22
in carbonium ianf5, six have been established as occurring

in Nature. Thus tge E-friedoischop-l2-ene system is present
37
in neomotiol (CVII) , the E:C-~friedoisochop-7~ene system is
237 237
present in motiol (CV) and motidiol (CVI) , the E:C- .
30
friedoisohop-8-ene system is present in fern-8-ene (XCVII) 5

the EsC—friedoisohop-9(1l)-ene system is present in fernene
231 38,235 8

(XCVIII) , fernenol (CIII) , arundoin (VIII) and

233
davallic acid (CII)  the E:B-friedoisohop-5-ene system
230 236
is present ig adianene (XCIX) , simiarenol (CIV) and
37
adianenediol 2agd the E:A-friedoisohop-3~ene system is presenm
3
in filicens (C)

Interestingly, the E:C-friedo~, EsB-friedo~- and E.A-
friedo ischopane derivatives, fern-8-ene (XCVII), adianene
(XCIX) and filicens (C) respectively all occur in the same

230 .
ferny Adiantum monochlamys Eaton s together with diploptene
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231
(syn hopene-b)(CIX) which can be regarded as being formed

via a chair, chair, chair, chair, chair cyclisation sequence

of all trans squalene [vide infra]. *r thie connection 1t

may be noted that fern-8-ene, adiarene and filicene could
also arise via friedo backbone rearrangement of the fundamenitol
carbonium ion resulting from such a chair, chair, chair, chair,
chailr cyclisation sequence, but if they do, then it must be
via a non-concerted process. A fully concerted process
with respect to the 1,2 shifts 21lAH—>22, 17*H—>218 is
only possible with the fundamental isohopane carbonium ion¥.
The analgous shifts in the fundamental hopane carbonium ionV),
{Fig. 17] would have to be 21fH—>22 and 178H —IP21B in
order to account for the correct stereochemistry in fern-
3-ene, adianene and filicene were they to be formed from this
ione

That ion € [Fig. 15] may undergo rearrangements analogous
to those undergone by ion ) to give ions D and € [Fig. 7] %:839
perhaps suggested by the occurrence of tetrahymanol (XCVI) )
a possible biogenesis of which from ion<g via ion W, is shown
in Fig. 15. However, it must be pointed out that the gamma-
cerane skeleton present in tetrahymanol which is the first
pentacyclic triterpene to be isolated from an organism of
the "animal kingdom, 1s also formally derivable from the
fundamental onocerane biscarbonium ion [Fig. 20] as well as
from rearrangement of ion'n [Fig. 171, so no firm conclusions

are possible, Certainly it would appear that no compounds



FIGURE 17

Derivation 0f Compounds Resulting From Cyclisation Of

All Trans Squalene In Chair,Chair,Chair,Chair,Chair
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based on ion 2. [Fig. 15], which would result from the alter-
native migration of the'zo, 21 bond to the 20, 22 position
in¥® in place of a migration of the 17, 21 bond to the 17,22
position, have as yet been discovered in Nature.

4e Cyclisation in chair, chair, chair, chair, chair

conformational seguence

Synchronous cyclisation of all trans squalene in chair,
chair, chair, chair, .chair conformational sequence gives
rise to the fundamental pentacyclic ionfq [Fig. 17] of the
hopane skelton in a one stage procesé, which, like the
cyelisation in chair, chair, chair, chair, boat conformational
sequence to give the fundamental isohopane carbonium ion g
[Fig. 15], involves anti-Markownikoff additions with respect
to both the 13,14 and 17,18 double bonds. A third anti-
Markownikoff addition [with respect to the 21,22 double bond]
is avolded by formation of a S5-membered, and not a 6-membered
ring B

Carbonium ion Y [Fig. 17] can stabilise either by loss
of a proton from one of the methyl groups on C-22 as in the
formation of. diploptens (CIX)231 or by pilcking up OH as
in the formation of hydroxyhopgii [syn diplopteroll] (Cx)gizé
3B-acetoxy-hydroxyhopane (CXI) , hydroxyhopanone (CXII)

243,244 244 .

zeorin (CXIII) s laucotylin (CXIV) , leucotylic acid
. 245 246 247
(CXV) and pyxinic acid (CXVI) . Adiantone (CXVII)
is of interest, since 1like platanic acid (LVI)188 of the

lupeol series [Fig. 11] it has lost the methylene group of



Derivation Of Compounds Resulting From Cyclisation Of All Trans

FIGURE 18

Squalene In Chair,Boat,Chair,Chair,Boat Conformational Sequence

Cylindrin

Friedo bacl

Fundamental
Carbonium Ion O

bone rearrangement

21pH —> 22

17¢H ——— 2la
lSBCHj“-*-*~% 178
13aH “——> 1l8au
lhBCH3 > 138
9GCH3 > 1ha
108H > 98

Loss of 11dH as proton

Isoarborinol

Arborinone

Arborinol



114,

the side chain by oxidation.

The position regaraing possible friedo backbone
rearrangement of iaﬂ}g has already been briefly discussed
[page 112!, Should a non-=concerted rearrangement occur,
then the fundamental hopane ion can be regarded ag the parsnt
of the wvarious compounds showﬁ in Fig. 16, but if friedo
backbone rearrangemenfs in the isohopane ~ hopane series ars
fully concerted, ibnfa'will'not give rise to friedo-derivatives.

i P et g

5. Cyeclisation in chair, boat, chair, chair, boat

conformational seguence

Synchronous cyclisation of all trans squalsne in chair,
boat, chair, chair, hoat conformational sequence can be
consfdered to give rise to the fundamental pentacyclic
carbonium ion & [Fig. 18]37,38 in a one stage process which
involves anti-Markownikoff additlons with respect to both
the 13,14 and 17,18 double bonds. At the present.time,
there would appear to be known, no naturally occurring

pentacyclic triterpenes based on the unrsarranged carbonium

248
ion @y only the E:C~friedo derivatives isoarborinol (CXVIII),
7 57,248
1s methyl ether cylindrin (IX) , arborinol (CXIZ) ~  and
49

arborinone (CXX) having a 9(11) double bond. Although

the trans-syn~trans relationship of the A/% and ?/% ring
fusions [cf. the identical situation in carbonium ion a of
Fige 5] of carboniuﬁ ion @ would be expected to provide a

good driving force for friedo backbone rearrangements at



FIGURE 19

Proposed Derivation Of Ambrein

A1l trans squalene
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least as far as the E:C-friedo 92{11)-enes it will neverthe-
less be interesting to see whether compounds bhased on the
unrearranged ion @, or on skeletons resuiting from a lesser
degree of 'fr;'edo backbone rearrangement in &, will be
discovered in Nature.

Comparison of Figs. 15, 17 and 18 with Fig. 7 shows
that a major difference between ions %, ¥) and & on the one
hand and ions) , & and & on the other is the inversion of
position of carbon atoms 1? and 18 of squalene in the two
groups, which serves to underline the necessity of showing
all fundamental carbonium ions of the triterpsne seriss in
the squalene numbering system, rather than in their own
assigned systems.

Be Cyelisation simultaneously from both ends to give two

o-~membered rings at one end and one 6-membered ring at

the other end of the resulting compounds.

- Cyelisation, initiated by H+, of all trans squalene
simultaneously from both ends with formation of two 6-membered
fings at one end and of one 6-membered ring at the other end,
can be considered to give rise to the fundamental ambrene
biscarbonium ion from which is derived ambrein (CXXI)ZSO as

shown in Fig. 19.

L9

7 Cyclisation simultaneously from both ends to give two

6-membered rings at each end of the resulting compounds.

Cyeclisation of all trans squalene simultaneously from

both ends with formation of two 8-membered rings at each end,
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can be~considered to give rise to the fundamental onocerane
biscarbpnium ion from which are di;ggtly derived a=-onocerin
(CXX]I)BSl and @-onocerin (CXXIII)dbi as shown in Fig. 20,
Acid catalysed rlng closure of the a-onocerin skeleton can
then be considered to give rise to serratenediol (CXXIV)252
and 1ts vafious keto and methoxyl derivatives occurring gn
pine barks (e.g. 3f-methoxy-2l-ketoserrat-l4-ene (CXXV))A58
as well as to.tohogenol (CXXVI)254 and its 24-hydroxylated
derivative tohogeninolZSQ. Similarly acid catalysed ring
closure of a compound such as CXXVII in which one double
bond is as in a=onocerin and one double bond is as in f-
onocerin, can be considered to represent a possible alter-
native route to that portrayed in Fig. 15 for the biogenesis
of the gammacerane derivative, tetrahymanol (XCVI ), Support
for such a bilogenetic route via CXXVII is prdvided by the
laboratory synthesis of k’~onocerin diacetate g%§ acid
catalysed ring closure of a-onocerin dlacetate ,a route
which was extended to provide a laboratory synthesis of
tetrahymanol itselfzag.

It is to be noted that both the cyclisation sequence
of all trans squalene shown in Fig. 20 and the previous
cyclisation.sequence giving rise to ambrein [¥ig. 19] appear
to involve all chair conformations from the resultant
stereochemistry, and that‘ﬁﬁé‘independent cyclisations from
both ends of the squalene molecule avoid any anti-Markownikoff

additions.
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It is thus seen, on the basis of the above discussion
that numerous variants on a basic theme satisfactorily account
for all\of the wide variety of triterpene types so far found
in Nature. Mofeover a conslderable body of direct experi-
mental evidence has now been advanced which would support
the essential correctness of the proposals outlined abovee.

Thus experiments with 14b acetic acid [labelled either
in the carboxyl group, or in the methyl group] have shown
the broad essentials of the conversions of acetate into
mevalonate, of mevalonate into isopentenyl pyrophosphate,
of isopsentenyl pyrophosphate into farnesyl pyrophosphate
and of farnesyl pyrophosphate into squalene. These
experiments have been admirably summarised in a recent
review by Clayton78 and will not be discussed in detail
here.

255 256

Total degradation of squalens and of cholesterol
biosynthesised from labelled acetate, with identification of
the origin of each carbén atom of both compounds, gave results
in entire agreement with the scheme outlined in Fig. 5 for the
biogenesis of cholesterol via lanosterol, originally proposed

44

by Woodward and Bloch , and later incorporated by Eschenmoser
41-43 '
and Ruzicka in their more comprehensive theory inter-

relating the biogenesis of all triterpenes and steroids.
Further evidence was produced when it was shown that lanosterol

as7 258
was synthesised in rat tissue both in vitro and in vivo
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and in turm was efficiently metabolised to cholesterol.

That squalene plays a central role as a biological
precursor‘of polycyclic triterpenes and steroids in plants
s well as in aniﬁals is supported by experiments showing
that labelled mevalonate 1s rapidly converted into squalene
in the tissues of higher plants259 and that the labelling
pattern of the squalene so gggmed i1s identical with that
produced in animel tissues.

That the 138 and l4a methyl groups of lanosterol take
up their positions by l,2-shifts from the corresponding 14¢
and 8a positions [lanosterol numbering] respectively in the
fundamental tetracyclic carbonium ion a [Pig.5] has bean
demonstrated by appropriately designed labslling e$g§riments
performed by Bloch gﬁ_gl?sl and by Cornforth gﬁ_g;fbaa

Radlo-tracer studies have shown that the nuclear trans-
formations involved in the conversion of lanosterol into
cholesterol in animal liver tissue can apparently occur with
equal facility in both lanosterol and 24,25~dihydrolanosterz§,

g0 it has not>proved feasible to elucidate a definite sequence
of stages for this conversion.
N 263,264
It is of interest that recent work might suggest
78 4.7

that 3f-hydroxy lanost-7,24-diene or lancsta-8,24-diene
rather than lanosterol is the key product of cyclisation of
squalene from which the steroids arise.

In the case of the plant sterols, experiments with
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radiotracers on the blogenesis of ergosterol (XX)QGS and
eburicoic acid (XI)266 have shown that the same intermediates
as far as the fundamental carbonium ion o of Fig. & are
involved, as are involved in the blogenesis of cholesterol

in animalse.

Relatively less experimental work has been done with
respect to proving that the biogenesis of the pentacyclic
triterpenes follows the routes proposed in Figs. 7, 12, 15,
17 and 18 but it has been shown that lupeol (XLIX) biosyn-

14 43,267

thesised from [2- C] mevalonate possessed a labelling
pattern in complete accord with the theory as did soyasapo-

268 287 2687
genol D, betulin (L) and betulinic acid (LI) .
The stereospecificity of the process 1s indicated by the
fact that in neither lupeol nor soyasapogenol D do the
terminal methyl groups of squalene, only one of which is
labelled, at each end of the molecule, become equivalent.

Other experiments have shown that radiorlabelled
mevalonic acid is incorporated into G—amyrina69 and oleanolic
acidgvo.

It would seem probable that the triterpenes and steroids
so far discovered in Nature, have by no means exhausted all
possible variations of triterpenoid biogenesis, and that
many new variants remain to be discovered. Some of these
possibilities are obvious from the foregoing discussion, but
other less obvious types may also be discovered. As examples

of the more obvious gaps in the series, as at present known,



may be cited the absence of the ursans anslogue of fyiedeliin
and filicene, the absence of the friedo oleanane and friede
isohopane enaloguss of phyllanthol, and the absence o Lhe
ursane and ojeanane analogues of ceanothic and cgancthenic
aclids. The less obvious gaps may well be filled through

the discovery of new compounds derived from modes of cyclisa-
tion of all trans squalene other than the seven given abova,
of new compounds arising from squalenes in which one or more

of the double bonds have the cls configuration [compare the

role of the isomeric all trans and transftgigs-cis farnesyl-
pyrophosphates in sesquiterpene biogenesisu' 1 or of neow
compounds derived from further rearrangements of the carbonius
irng discussed abova. Tt is highly orobable that nsv types

maﬂbe represented among the forty odd pentacyclic triter~

wiT
penes of utnknown structure listed by Halsall and Lplin 3
end with the very recent elucidation of the structuoraes of
230,231 a7
the friledo ischopane serios and of arborinol . 1L may

wall hrove possible to relete zome cof these unkuown compods

Lo compoinds of established structure.

“he Rio

Ve

enetic Sigpiiicance Of Tre Trlterveace

Methyl Ethers COf Cortsderia toetos

From what has been discussed it 1s apparent thal the

co~occurrence of arundoin (derivable from the isohopane

[

skeleton! with the methyl ether of (-smyrin [derivable Feom

Lo

the oleanane skeleton] and the methyl ethar of a-amy+in
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[derivable from the ursane ckeleton: in Cortacdsyia toetoa

implies that two separate cyclisatlons of all Irans squalene
are occurring side by side in the same plant - viz. chair,
chair, chalr, chair, boat cyclisation in the case of arundoein
and chair, chair, chair, boat cyclisation in the case of the
methyl ethers of a- and O-amyrin.

A similar situation but with the co-occurrence of three
separate modes of cyeclisation appears to exist with respect
to Cuban sugar cane, since work described in subsection D
of this thesis has shown that arundoin, a friedo ursane

derivative [bauerenol methyl ether] and a friedo oleanane

1

derivative [taraxerol methyl ether] appear to co-exist igjﬁhe
272
wax of this plant together with the previously rervorted
sterols f(-sitosterol, stigmasterol, campesterol, 24-methyl-
enelophenol and 24-ethylidenelophenol.

such co-existence of more than one cyclisation mechanis
of squalene in the one plant is not without precedent, since
it must be present wherever plant sterols and pentacyclic
triterpenes co-existe. fxamples of this situation which may
be cited are the co-occurrence of cardiac glycosides with

273
ursolic and oleanolic acids in Nerium odorum s the co-

occurrence of stigmasterol and the soyasapogenols in *the

)
a'fd
soya bean y the co~ocecurrence of I-sitosterol and “—amyrin
275
in the pea plant and the co-occurrence of =~sitosterol and

2785
various pentacyclic triterpenes in Balvia officinalis 0

Agein, parkeol (XCII) [chair, boat, chair, boat sequence]
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and butyrospermol (¥¥XI), lupeol (XLIX) and 3-amyrin (J;XII)
. : ‘ r_lr7r7
[chair, chalr, chair, boat sequence] occur in shea-oll

whilst citrostadienol [chair, boat, chaif? boat sequence]

and the butyrospermolmderiﬁed citrus bitter principle limonin,
‘ 278

both occur in the grapefrult plant. o A particularly

appropriate analogy to the present ilnstances with Cortaderia

tostog and Cuban sugar cane wax with thelr co-occurrence of
chair, chair, chair, chair, boat and chalr, chair, chair,
boat'cyolisation sequences 1s afforded by Flcus macrophylla

234
Desf. which elaborates moretenol [chalr, chair, chair,

chair, boat sequence], lupeol and butyrospermol [chair,

chair, chair, boat sequence] and cycloartenol [chair, boat,

chair, boat sequence]. This situation can also be compared
7

with the coexistence in Imperata cylindrica of arundoin

and cylindrin which implies the co-occurrence of chair, chair,
chair, chair, boat and chair boat, chair, chair, boat cycl-
lsation sequences respectivelye. |

In view of the absolute stereospecificity of thé enzyme
systems concerned in steroid and triterpene blogenesis as
apparent from the unique configurations invariably observed
in these compounds, the presence of more than one cyclisation
pathway must be taken as implying the coexistence of separate
enzyme systems = itself a fact of no small interest in terms
of the exact role played by triterpsnes and steroids in

plants, which is still unknown.
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D Triterpene Methyl Ethers From Cuban Sugar Cane eX.

While the gas liquid chromatographic studies with
triterpene methyl ethers described in the preceding sub-
ection B were being conducted, Dr., K. Schreiber at
Gatersieban, Hast Germany, became aware of the work and
kindly supplizd for identificatibn é triterpene ether fraction
which he had isolated from the wax of Cuban sugar'cane

272
{Saccharum officinarum L. o The occurrence of triterpene

ethyl evhars in this plant is of some interest since it is

closely reiated to Imperata eylindrica from which the two

triterpene methyl ethers, arundoin and cy!l 1nd”7n have been

7,8
izolated - both plants belonging to the tribe Andropogoneae.
The fact that triterpene methyl ethers were detected in sugar

cane wax only as late as 1964 1s also of considerable interest

279
in view of the extensive chemical investigations s Including
280,281
several on the wax s, Wwhich have been performed on

baccharum officinarum on account of its value as a food

source and the consequent availability of largse quantities
of'mater1a19 and reflects the power of modern methods of
plant anslysis. Frior to the intréduction of infrared |
spectrometers and chromatographic methods, including ge.l.c.
the presence of triterpene methyl éthefs'in a plant would
not have been suspected., as such compounds have physical
properties'very akin to those of the paraffins and would,
in all'probability have been rejected with the 'fatty

material ' during prellm¢nary defatting operations in the
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chemical work-up of the piant materialo
230, 281

The apparent failure to detect triterpene methyl
ethers in the wax of Australian sugar cane and thelr N
sucoessful isolation frorl the wax of Cuban sugar eanem/“
may be ¢xplicable in terms of geographical factors or in
terms of different strains being cultivated in the two
countries.

Until theirecent isolation of triterpene methyl ethers
from pine barkass, these compounds appeared confined to

7,8,38,190,232,286

grasses so it now becomgs interesting
to speculate on their possible isolation from representatives
of other plant families now that a deliberate search for
them can be undertaken.

In the present studies preliminary analytical gas
liquld chromatographic experiments with the material supplied
by Dr. Schreiber employing a 0.5% Apiezon L column with
argon as carrier gas showed the presence of 2 prominent
well-resolved peaks with a third incompletely resolved peak
of low intenslty on the low retention side of the second
main peak [Fig. 21]. However, gas liquid chromatography
employing 1.5% SE-30, 1.5% QF-1 and 1% CDMS as the stationary
phases with argon as carrier gas, or employing 2.5% SE-30
and 2% XE-60 columns with nitrogen as carrier gas revealed

the presence of only two peaks.

Further analytical gas liquid chromatographic experiments,
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with added So-~cholestane as internal standard, showed the

relative retention times of the peaks to be as follows:e-

Component 0.5% Apiezon L 1,5% SE-30
1 2,71 2.43
II (major component ) 4,30 , 3,21
III (minor component ) 4,08 -

Comparison of these relative retention time values with
the data given in Table IV strongly suggests that the mixture
provided by Dr. Schreiber could contain arundoin, the methyl
ether of bauerenol and one or more of the methyl ethers of
germanicol,el —amyrin, @-amyrin, taraxerol or multiflorenol.
Indeed addition of authentic arundoin to the mixture
intensified the peak on the Aplezon L column corresponding
to component II, addition bf bauerenol methyl ether inten-
sified the peak corresponding fo component III and addition
of taraxerol methyl ether, @-amyrin methyl ether, or
multiflorenol methyl ether intensified the peak corresponding
to component IT. Moreover the disappearance of the peak
due to component IITI on changing from an Apiezon L to a
SE-30 column is completely in accord with the gas liquid
chromatographic behaviour of bauerenol methyl ether (see
Table IV ),
In order to obtain further information as to the identity
of the components in Dr. Schreiber's mixture it was decided

to invoke preparative gas liquid chromatography and mass
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spectrometrys. No success was achieved in attempts to
sevtire the material responsible for Peak III on Apiezon L
columns, but a preparative SE~30 column permitted clesan
separation of two fractions, one corresponding to Peak I
and one corresponding to Peak IT plus Peak III [of the-
Apiezon L columns].

Application of mass spectrometry [kindly undertaken
by Mr. T.A. Bryce] showsd that the material of Peak IT
from the SE-~30 preparative column gave a mass spectrum
[Fig. 22] wvirtually identical with that of authentic
arundoin [Fig. 23], as determined using a direct inlet
system, with peaks at %'440 [parent], 425 [strong]l, 287
[weak], 273 [base peak] and 261 [weak] characteristic of
a A?(ll) triterpene with methyl groups at C-13 and 0“1484,35.
In addition prominent peaks were present in both spectra
at %»393 and 241. The origin of these peaks, which are
considered to arise from the ions %-426 and 2.273 by loss
of methanol, is discussed in detail in subsection F.

No evidence for the presence of bauerenol methyl ether
in admixture with the arundoin from Peak II of the preparative
gas liquid chromatography can be advanced from a comparison
of Figs. 22 and 283, This is perhaps to be expected since
both arundoin and bauerenol methyl ether give risg to
extremely similar mass spectral cracking patterns&%?&so

34,35
Thus both compounds would be expected ’ to give rise to
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W aoe W ooe W ooee N I . .
— 425, — 887, T 273 and = Z26L. Any differences
@ ‘@ ‘8 ¢

T 2086, which are ions

Lons

Y ]
L6 e

240,

e

whi:h might be expected at §~234 and
eharae?eristic cf the mass spectrum of bauerenol methyl
ether839 should be relatively minor since these ilons have

low abundance and so differences in thsir intensity as
between Fig. 22 and Fig. 23 would only be discernible if
relatively large quantities of bauerenol methyl ether were
present with the arundoin from the sugar cane wax. The
g.loco. trace [Fig. 21] shows that this is not so.

Direct comparison of the material of Peak Il of the
preparative gas liguid chromatography with authentic arundoin
showed identity of infrared spectra in KC1 disc and absence
of any mixed melting point depression.

The mass spectrum of the material of Peak I of the
preparative gas liquid chromatography was strictly comparable
with that of authentic taraxerol methyl ether. The two
spectra are shown in line diagram form in Fig. 24 and Fig,

25 respectively. Comparison of Figs. 24 and 25 serves
te indicate that if any other triterpense methyl ethers of
the oleanane group are co-occurring with taraxerol msethyl
ether in Cuban sugar cane wax, then they must bs present
in very small amounts, Thus the absence of any ion of
%-834 [the expected base pgzkaén the mass spectrum of
multiflorenol methyl ether ’ ] in Fig. 24 indicates the

absence of multiflorenol methyl ether as a contaminant of
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taraxerol methyl ether in the sugar cane wax. Similarly
the identical relative abundance of the ions %-203, 204,
205 and 218 in Figs. 24 and 25 would seem to rule out the

presence of any appreciable quantities of germanicol methyl

34,3

, )
ether (medium peaks ab. iﬂ_ 203, 204, 205 )y § —amyrin methyl

ether (base peak1§-20534’35)

34,35

or B-amyrin methyl ether (base
peak g 218 ), although the possibility that one or
more of these compounds is present in trace amounts can
not be ruled out.

Direct comparison'of the material corresponding to
Peak I on the preparative SE~30 column with authentic tarax-
erol methyl ether showed identity of infrared spectra in
KC1 disc and absence of any mixed melting point depression -
again demonstrating the insignificance of the quantities
of any other components which could be present.

In summary then, the present investigations have shown
Dr. Schreiber's mixture to consist of at least 3 different
triterpene methyl ethers. Arundoin and sawamilletin
[taraxerol methyl ether] have been identified as the major
constituents with a strong possibility that the minor third

component is bauerenol methyl ether.

E. Confirmation of The Occurrence of O-Desmethylarundoin

in Artemisia vulgaris L.

During the time the present studies were in progress,

Dr. A.S5. Rao of the National Chemical ILaboratory, Poona,
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India, provided a specimen of a synthetic triterpéhélmethyl
ether, prepared from a hitherto unreported pentacyclic

triterpene alcohol of natural occurrence in Artemisia

vulgaris L. which he believed to be O~desmethylarundoin.

Gas liquid chromatographic studies employing 0.5% Apiezon

I columns and Sa-cholestane as internal standard showed the
synthetic methyl ether to exhibit a single symmetrical peak
which was identical in retention time with that of purs
arundoine. A mixture of Rao's compound with arundoin showsed
a single symmetrical peak on the trace which again had
identical retention with that of pure arundoin. Conclusive
proof that Rao's naturally occurring triterpene alcohol

was indeed O=-desmethylarundoin was achieved by comparison

of the infrared spectrum of the synthetic mathyl ether in
KC1l disc with the infrared spectrum of arundoin. The

two spectra were indisputedly identical. Further there

was no mixed me.p. depression on admixture of Rao's methyl
ether and arundoin.

F. Remarks On The Mass Spectra Of Triterpene

Methyl Ethers

As apparent from subsections C and D, mass spectrometry
playsed an indispensable role in the identification of the

triterpene methyl ethers present in Cortaderia toetoe and

Cuban sugar cane waXo In the course of this work an inter-

esting facet of the mass spectra of the triterpene methyl



| TABIE VI. 2y »
- Major Peaks In The Mass Spgétra of Triterpene Methyl Ethers |

‘bserved Mass Spectral Peaks ‘Metastable Peaks | I

* = _
Compound - Predicted Mass Spectral Peaks (Relative Ion Abundances Given | For Loss Of Methanol ”
As %age Of Base Peak = 100) | From Ion Of Series & |
: — To Corresponding

Series & | Series B Ion Of Series B. E
Corresponding |Arising By ' :
To Predicted Loss Of

: Ions Methanol Observed | Calculated %
Arundoin (VIII) . | 440 (Parent) 440 (15%) 408 (16%) 378.3 | 378.3 i
(Heated Inlet System) 425 (h) 425 (60%) 393 (100%) 363.4 363.4 s
' 365 (1%%) 333 (4%) 7 303.8 |
cf. Pig. 35 355 (1) 355 (1%) 323 (3%) 294.0 293.9 i
< 287 (m) 287 (8%) 255 (31%) 226.5 | 226.6 I
273 (b) 273 (58%) - (241 (76%) 212.8 212.8 i
261 (1) , 261 (5%) 229 (14%) 201.0 200.9 I
St m/
i B8 wf \ |
Arundoin (VIII) 440 (Parent) - 440 (48%) ' A |
(Direct Inlet System) 425 (h) 425 (100%) 393 (5%%) 363.4 | 363.4 |
355 (1) 355 (1%) . |[323 (4%) 204,0 | 293.9 I
€r. Fig, 28 287 (m) 287 (10%) 255 (26%) 226.5 226.6 i
| 273 (b) 273 (100%) 241 (80%) 212.3 | 212.8 Z
261 (1) 261 (9%) 229 (19§) 201.0 200, 9 |
| o | [, . ! ﬂ
Taraxerol Methyl Ether (IV) 440 (Parent) C 1440 (14%) 1 $?§3 E
(Direct Inlet System) 425 (1) | 425 (8%) 393 (6%) '$363.4 | 363.4 @
316 (m) . 316 (33%) 284 (15%) 255.2 255,2 )

Yo b 0 4 - lLoan o

Cf. Fig. 25 . 301 (m) : |01 (29%)  [269 (20%

D& l(- :‘ V\b:‘ < iT o 1' : 5 - (Pe 1‘. | | e 440 (6) : : ' : Lf

. (Direct Inlet System) ggg ?'i; : 425 (32%) | 303 (zlé) 363.4 363.4 i

=3 A , 287 (6%) . 255 (10%) | 226.6 226.6 '*;F

| Cf. Fig. 26 _ 273 (1) 273 (20%) - -~ 241 (18%) £12.8 | Z1a.8 =

. . , gg:i m ggi &%o)%) - 229 % )) 201.0 200,9 | }

, 202 i - 178.4 |~ |

205 (m) 205 (24%) = ‘ 17;% : w

. / . M \

p-Amyrin Methyl Ether (III)| 440 (Parent) : 440 (7%) 408 (1%) | 378.5 | 378.3 8

(Direct Inlet System) 425 (1) 425 (2%) eed iy il %)

222 (1) 222 (3%) 190 (15%) | 162.6 162.6 i

221 (1) 221 (7%) 189 | 161.6 | 161.8 - B

e 218 (b) 218 (100%) _ ~ - b

Cf. Fig. 27b | 205 (1) 205 (3%) ' g

| 203 (m) 203 (36%) ?

189 (m) 189 (14%) :

133 () - 1133 (10%) ;- b

o —Amyrin Methyl Bther (VI) i ( ) % : ' :

imyrin Methyl Ether (VI) | 440 (Parent) 440 (4%) : . . V

(Direct Inlet System) - 425 (1) 425 {lé) ; ggg e ggg,i 323.2 K.

¢ = 4 0 I R B

Cf. Fig. 27a S 1218 (b) | 218 (100%) ’ 2z : e m

| il 205 (1) 205 (2%) I
203 (m) 203 (14%)

189 (m) 189 (1%%) B

138 @) 133 (8%) ]

’ % % % : ; rél

| Cylindrin (IX) : | 440 (Parent) 440 % ; i

- (Direct Inlet System 425 L 425 363.4 363.4 @

: 355 i

F-218 (1) ;
205 (m)
204 (b) ) i
203 (m) i
189 (h) B o.'}
177 (h) 177 (70%) ;
|
: : i z ; : : : :1"::
'-*’Calcula'ted from fragmentation patterns established by H. Budzikiewicz, J. M. Wilson and HL;;
C. Djerassiss Car s _ : : i
! ¥
1 = 1low.intensity ‘ i
m = medium intensity ‘ Il
h = high intensity W
: b = Dbase peak : m
The abundances quoted for the ions arising by loss of methanol are not corrected for y

contributions frem fragments of the same mass arising from other modes of breakdown.
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ethers was observed which warrants further discussion and

the s will now be considered in terms of Table VI which
summarises the major ion. -bserved in the mass spectra of

the various triterpene methyl ethers studied, as well as
listing the major ions tc be predicted from the work of
Djerassi and his colleagu9384935°

It is readily seen from Table VI that the presencas
of the methoxyl group on the triterpsne nucleus gives rise
to an extra series of ilons differing from those predicted
on the basis of Djerassi's work by loss of 32 masg units,
but that apart from this there is excellent agreement
between the observed and predicted spectra. That the
observed subsidiary series of ions are related to the
predicted series by loss of methanol [mass 32] in a one
stage process is confirmed by the appearance of the
appropriate metastable peaks in the spectra. Thus in the

mass spectrum of bauerenol methyl ether [Fig. 26] metastable

peaks are observed at 363.4 (calcd. for —-425-9._ 393,

2 2

393°_ m 241

= 363.4 )y at 212,8 (calcd. for — /?um;w— 241, —==

425 K g o3 ' 973
229

and at 201.0 (caled. for 261--)- 229, g5g7 = 200.9),

=21Z.8 )

cimilarly in the mass spectrum of arundoin [Fig. 23] metastable

peaks are observed at 363.4 (calcd. for & 495=%"* 893%

898 '_‘ - — - . {255_.:4
408 = 363.4), at 228.5 (caled., f’rc:lr 5 28/1? 855, 33.7 =
226.6) and at 212.8 (caled. for 273—y 241, gé_ _

= 212,
o3 212.8 ),

whilst in the mass spectrum of taraxerol methyl ether

1
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FIGURE 30

Characteristic Mass Spectral Fragmentation
Of Simpler Hthers In Which One Of
The Radicals Is Methyl.

R R
CH. - O &H R’ > CH g()’clm R’ 2
-0 - - + —_— -0 2 - +
3 o ° 3 “_vu ©
l .
+ | ,
CH., -~ O = CH " *R
3 &

where R’ is a higher alkyl
radical than R.

FIGURE 31

Characteristic Mass Spectreal Fragmentation Of
Symmetrical And Non-Branched Ethers.

5o s ot e
R:O0O:R + e L ——D R iﬂo : R+ 2e

oS
+
O
=
£y
=v]
of
=¥

FIGURE 32

Characteristic Mass Spectral Fragmentation Of Branched
ithers Where R Is A Higher Alkyl Radical Than Methyl.
R/ - If/

L R ] /'/I +‘/L N
R-0~CH~R + e —— R-02CH 1;% + 2e

LR

R’ R”
. Hydrogen transfer |
N I_ from a,B,y or & g' /”
Olefin + H~-0=20CH < — L R - = CH + *R
. position in R 0
corresponding Ve

#
to R minus hydrogen where R° > R
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[Fig. 25] metastable peaks are observed at 363.4 (calcd.

m m 3932
or 2 425> 2 L)
for 425 393, 225

2
a84 m
o 316=>2 284, ST = 255.2) and at 240.4 (caled. for o 301=>
2
L ogo, 3@2_ = 240.4 ).
] 301
to loss of methanol, are included in the last two columns

= 363.4 ), at 255.2 (calecd., for

These metastable peaks, corresponding

of Table VI.

This loss of methanol has analogy in the loss of a
molecule of alcohol from certain higher molecular weight
ethers in ggg mass spectrometer, as commented on by
Mclafferty . Loss of methanol also appears to he a minor
route of fragmentation of simple methyl ethers as is apparent
‘from Table VII whigh has been constructed from the original
data of McLaffertyaav, although this author makes no¢ comment
" on this process in his discussion. However, none of the
triterpens methyl ethers studied followsd the characteristic
fragmentation pattern of simple methyl ethers [Fig. 30]287,
which is itself different from the fragmentations undergone
by other simpls ether5287’888 as seen from Fig, 31 and
Fig. 32, Fragmentation of the triterpene methyl ethers
according to the mechanism depicted in Fig. 30 would give
rise to the speciss CXV shown in Fig. 33. This species,
already bearing a positive charge, would then have to give
rise to iéns of the series %é should it be formed prior

to and.in preference to the characteristic mass spectral

fragmentation of the triterpene nucleus. Inspection of
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the observed spectra shows that such ions are of extremely
low abundance, 1f present at all, and so it can be concluded
that the process shown in Fig. 33 is not at all favoured.
Rather the mass spectral cracking must follow the established
triterpens pattern34’35 [as is also true for triterpene
alcohols, which do not exhibit34,35 the strong tendency for
cleavage of the C ——COH bond which is observed with simple
aliphatic alcoh013289] with loss of neutral methanol from

the various fundamental ions. The pattern for arundoin is
shown in Fig. 34.

It is also of interest that the mass spectra of the
triterpene methyl ethers revealed no additional peaks at
parent ion plus one mass unit as has been reported as being
characteristic of simple ether5287. The observed abundance
of the ion of mass parent plus one at %‘441 can be fully
accounted for in terms of the natural abundance of 130 which
for CBlHSBO = 440 should give a peak at g%gent plus one of
intensity ca. 34% that of the parent ion .

It 1s of considerable interest that when the mass
spectrum of arundoin was determined using a heated inlet
system [Fig. 35] in place of a direct inlet system [Fig.
23], loss of methanol became more pronounced. Thus a
peak at f‘éDS (parent minus 32 with an observed metastable
ion at 378.3 = calculated 378.3) becomes pronounced whilst
the fons at § 393 (g 425-32) T 241 & 273-32) and B 055

(§-287-32) are more abundant than the ions from which they
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are derived through loss of methanol.

A further important fact is the appearanca of an ion
at %'865 in the mass spectrum of arundoin when the heated
inlet system is employed. That this peak, which is absent
in the corresponding spectrum obtained using a direct inlet
system [Fig. 23], is derived from loss of 43 mass units from
the ion - 408 is apparent from the existence of a metastable
ion at 326.5 (calculated for o 408—Y2 365, -3-@% = 326.5 ).
This corresponds to the loss of the isopropyl slde chain
from ring & of arundoin, and its non-appearance in the mass
spectrum of arundoin using a direct inlet system was one
of several unfortunate factors which contributed to the
wrong assignment of structure to arundo¢n188, since 1t has
been well established that loss of side chain is one of the
cheracteristic fragmentations undergggi by steroids and

triterpenes in the mass spectrometer o

Go Remarks On The Nuclear Magnetic Resonance Spectra

of Trite;pene‘Methyl Ethers

In the course of the present work the n.m.r. spectra of
several of the triterpene methyl ethers were determined in
CDCZL8 using a Perkin Elmer 40 megacycle instrument. These
n.m.r. spectra are shown as Figs. 36-39,

The resolution with the 40 megacycle instrument unfort-—
tnately does not permit detailed assignment of the methyl
proton absorptions and this shortcoming, like the failure

of the mass spectrum using a direct inlet system to reveal
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the presence of the isopropyl group in arundoin, was partially
responsible for the incorrect deductionslBB as to the structure
of arundoin.

Nevertheless an interesting aspect of the n,m.r..spectra
shown in Figs. 36-39 is the high field at which the signal
from the 3a proton occurs. In the original'interpfetation
of the n.m.r. spectrum of arundoiﬁ;ga, the absorption at 6762q:
was concluded to have an intensity of 4 protons, but careful
examination of the n.m.r. spectra of arundoin and the methyl
ethers of a-amyrin, @-amyrin, bauerenocl and multiflorenol
shows that the absorption at ca. 6.627°% is of intensity 3
protons and so attributable to the O-—CH3 group, whilst the
low diffuse absorption, intensity 1 proton, centred at ca.
7e4 ¢ and ca. 30 c.pP.s. broad must be arising from the O—CH”

~
proton. This same high field absorption by the 3a proton

has also been observed in arundoin and cylindrin by Dr. Nator;‘i.?98
who employed a 100 megacycle instrument with which he was

also able to conclusively demonstrate the doublets in the
spectrum of arundoin due to the isopropyl méthyl groups.

The absorption of the 3a proton in triterpené methfl ethers

is certainly at higher field than might have been anticipated
from the diffuse low intensity axial C-3 proton absorption
céntred at 6.8 Y and 25 c.p.s. broad found in a-amyrin

[Fig. 40] and @-amyrin [Fig. 41] and the similar low intensity
C-~3 proton absorption centred at ca. 5.8°¢ and 30 c.p.s.

293
broad found in 3f-acetoxytriterpenes ; and it must be
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attributed to a high degree of shielding by the methoxyl
gTroupe

The signal from the single vinylic proton present in
arundoin and the methyl ethers of a-amyrin, @-amyrin, bauerenol
and multiflorenol is clearly distinguishable as a multiplet
at ca. 4.7-4.8%, whilst the corresponding vinylic proton

absorption of a-amyrin and f-amyrin occurs at ca. 4.3,
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EXPERIMENTAL

Materials and Msthods

Mass Spectrometry. All the mass spectra were determined

with an A.E.I. McS5.9 double~focusing mass spectrometer using

a direct inlet system, except 1n the case of arundoin where

the mass spectrum was determined both with the direct inlet

system and with a heated inlet system. The energy of ion=~

ising electrons was 70 V, the lonising current was 100wA and
0

the source temperature was 150 C.

Gas Liquid Chromatography. The instrument employed in the

analytical gas liquid chromatographic studies was a standard
Pye Panchromatograph, giving preheating of the argon carrier
gas and fitted with standard glass tubes, containlng the
column packing, of 5 feet in length and internal diameter
ca $.inch., The detector was tgg standard Lovelock argon
ionisation type, fitted with a Sr source and the current
from the detector was fed into a Honeywell Brown [Newhouse,
Lanarkshire, Scotland] pen recorder with sensitivity 0-10mV.
Direct injections (Oa2~003F£. of a chloroform solution
of the compounds under investigation ) were made on to the
column through a silicone-rubber 'blind hole ' stopper with
a 1pf. syringe [Hamilton Co. Inc. Whittier, Calif., U.S.A.].
otandard conditions were as follows: column temperature,

0 0
240 £ 1 § detector temperature, 248 L s argon flow rate,
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2
60 ml/min° at outlet (inlet pressure 10-12 1b./in. )}

nominal detector wvoltage, 1000 Vi sensitivity setting,
leO_S amp. However different column temperatures wers
employed, where appropriate, @.g. 1750 for the polysethylens
glycol adipate columns [see Tables II and III] and 225O for
the QF-1 column [ses Table IV],

The instruments employed in the preparative gas liquid
chromatographic work were an Aerograph - A.90Pg [Wilkens
Instrument and Research Inc., Walnut Creek, California]
using helium as the carrier gas and fitted with standard
copper tubes, containing the column packing, of 10 feet in
length and internal diameter gg_%‘incho and an Aerograph
A.700 [Wilkens Instrument and Research Inc., Walnut Creek,
California] using helium as the carrier gas and fitted with
standard copper tubes, containing the column packing of
6 feet in length and internal diameter gg_%‘incho‘ The
detector used with both instruments was of the thermal
conductivity type and the current from the detector was fed
into either a Kent Mark 3 recorder with sensitivity 0-10mV
or into a Honeywell Brown [Newhouse, lLanarkshire, Scotland]
pen recorder with sensitivity 0~10mV.

Direct injections [15 to 20&»29] of a chloroform
solution of the compounds under-investigation were made on
to the column through a silicone-rubber 'blind hole ' stopper
with a 50 Wgo syringe [Hamilton Co., Inc., Whittier,

California, U.S.A.]. Standard conditions were as follows:
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+ O
column temperature, 280 - 1 [Aerograph A.90. PBJ or

240 z 1° [Aerograph A. 700]3 detector temperature 315 : 1o
[Aerograph A.20. F3l or 280 2 1° [Aerograph A. 70015 helium
gas flow-&ate? 100 m%/%ino [Aerograph A. 90 Ps] or 60 ml/mino
[Aerograph A, 700] at outlet; filament current 195 milliamps
[Aerograph A. 90, Pa] or 150 [Aerograph A. 700], attenuation
32,

Preparation of columns. Column packings for the Pye

Panchromatograph were prepared on the silane-treated support,
Gas~Chrom Z [Applied Science Laboratories Inc., State College,
Pennsylvania, U.S.A.] of 100-120 mesh. The coating with
stationary phase was achieved by weighing out the required
quantity of the desired stationary phase, viz. Aplezon L
“ grease [Edwards High Vacuum Ltd., Manor Royal, Crawley, Sussex,
U.Ko]3 silicone polymer, SE-30, [General Electric Co.,
Schenectady, N.Y., UcS.A.]3 fluorosilicone polymer, QF-1
(FS-1265), [Wilkens Instrument and Research Inc., Walnut
Creek, California, U.S.A.]y cyclohexane dimethanol succinate,
CDMS [Applied Science Laboratories Inc., State College,
Pennsylvania, U.S.A.]; or polyethyleneglycol adipate, PEGA,
[Pye Instruments Ltd., Cambridge, U.K.], dissolving in AnalaR
chloroform and adding the correctly weighed quantity of,
support to the solution so obtained. The chloroform was
then removed by distillation in vacuo at 100°C. with the

minimum of agitation and the coated supporting phase further
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dried for 1 hour in vacuo at 10000e Column packings
so prepared contained 0.5% ( ¥ ) Apiezon L, 1.5% ( %-)
SE~30, 1.5% (¥ ) QF-1, 1.0% (¥ ) CDMS and 10% ( % ) PECA.

The glass tubes were then filled with the required
column packing with repeated gentle tapping. Before any
freshly packed column was used for chromatography it was
stabilised by heating at 250° for 24 hours in a slow stream
of argon.,

Column packings for the AerographnAoeooPS and the
Aerograph A.700 were prepared on the silane-~treated support
Gas~-Chrom Z [Applied Science Laboratories Inc., State College,
Pennsylvania, U.S.A.] of 100-120 mesh. The coating of the
stationary phase was achieved by suspending the correctly
weighed quantity of support in 100 ml of 3% SE-30 or 1%
Apiezon L in toluene and applying a gentle vacuum to remove
occluded air. wAfter 15-20 minutes the suspension was poured
into a @uchﬁé%wfunnel with gentle suction - the vacuum being
rele’els’éd as soon as filtrate; ceased to flow. The moist
support was transferred to a filter paper, and after air-
drying it was dried in an oven at 80° for 6 hours.

The copper column used for the packing was treated
with dichlorodimethylsilane in toluene, and then washed well
with toluene and methanol and drisd before use. The column
was packed by gradual addition of the coated support and
repeated tapping. Columns thus prepared were coiled and

stabilised before use, by heating at 300° for 24 hours in a
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slow stream of argon.

Determination of retentlon data. Measurements of retention

times on the Pye Panchromatograph were made between the
first displacement of the recorder pen after the injection
and the point corresponding to the peak of the response to
the compound concerned. The recorded response to the
injection was observed 20-25 sec. after the moment of
injection and coincided with the return of the outlet flow
rate from an elay@ted 1eve1 [due to the pressure wave from
the evaporation of chloroform] to 60 ml./min. 5a-Cholestane
was included in most solutions used to measure retention
times and these were expressed as ratios relative to Sa-
gholastane,; but in a number of experiments arundoin was
employed as a secondary reference standard. Good agreement
between the relative retention times determined with each
standard was obtained.

Evaluation of Probable Experimental Error in the Datermination

of Relative Retention Timeso.

In order to assess the reproducibility of the retention
times it is necessary to considser the probable experimental
errof involved in making the measurements on the g.l.c. tracs.

It 1is estimated that the absoclute error in measuring the
distance between the first displacement of the recorder pen
[due to the pressure wave from the evaporation of chloroform
on injection of the solution] and the peak of the response

to the compound concerned iS'iOuOS cem - a value largely



14,

- determined by the width of the trace line, Selected
examples from actual data can then be chosen to afford

an illustration of the errors to be expected in the
retention times as determined relative to that of 5Sa-
cholestans. The absolute error [at the constant chart
speed of 12'' per hour which was routinely employed] will
be the same with all stationary phases, but the %age error
will be higheét for low absolute retention times [i.e. with
the QF-1 and CDMS columns] and lowest for high absolute
retention times [f.e. with the Apiezon L columns]. The
following calculations saerve to afford representative
indications of the expected %age errors.

(&) For cylindrin on an Apiezon L column:

In one experiment the distances between the first
displacement of the recorder pen and the peak of the responses
were ¢

5a~cholestane 5,60 cm.

cylindrin 28,00 cme
so that these distances could be in fact 5,60 : 0,05 cm,
and 28.00 ¥ 0.05 cm. Hence extreme limits for the actual

" retention time of cylindrin relative to Sa~cholestane are

28,00 + 0,05 and 28,00 = 0,05 viz. 5.06 and 4.94, This
5960 - 0005 5960 + 0005

gives a percentage error of 0,08 x 100 = 1,2%,
5.00

(b) For taraxerol methyl ether on an Apiszon L column:

In one experiment the distances between the first
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displacement of the recorder pen and the peak of the responses

were s

5a-cholestane 5.85 cm,

taraxerol methyl ether 15.90 cm.
so that the distances could be in fact 5.85 - 0,05 cm. and
15,90 T 0,05 cm. Hence extreme limits for the actual reten-
tion time of taraxerol methyl ether relative to Sa-cholestane

are 15.90 + 0,05 and 15.90 - 0,05 viz. 2,76 and 2.68.
5,85 =~ 0,05 5.85 + 0,05

This gives a percentage error of 0,04 x 100 = 1.45%.
272

(¢c) For a-amyrin methyl ether on an SE-30 column:

In one experiment the distances between the first dis-
placement of the recorder pen and the peak of the responses
were s

Sa~cholestane 1.70 cmo

a-amyrin methyl ether 4,85 cm,
so that these distances could be in féct 1.70 £ 0,05 Chte
and 4.65 £ 0,05 cm. Hence extreme limits for the actual
retention time of a-amyrin methyl ether relative to 5a=-

cholestane are 4,65 + 0,05 and 4.65 ~ 0.05 vize. 2.84 and
1070 d 0005 1070 + 0005

2.62. This gives a percentage error of 0.1l x 100 = 4,0%
2.73 T

(d) For P-amyrin methyl ether on a QF-1 column:
In one experiment the distances between the first
displacement of the recorder pen and the peak of the responses

waereas
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Sa~-cholestane 1.15 cme

B~amyrin methyl ether 335 Cma
so that these distances could be in fact 1.15 - 0.05 cm.
and 3,35 £ 0.05 cmo Hence extreme limits for the actual
retention time of @-amyrin methyl ether relative to Sa-

cholestane are 3.35 + 0,05 and 3,35 = 0,05 viz. 3.09 and
10.15 - 0005 1015 + Ooo5

2e7D0 This gives a percentage error of 0,17 x 100 = 56 8%
2. 92

It is thus seen that the estimated experimental error
in determining the relative retention time increases from
1.2% for the longest retention time [eylindrin] to 1.45%
for the shortest retention time [taraxerol methyl ether]
on the Apiezon L column and that the experimental error
increases still further to a maximum value of 5.8% for the
shorter retention times [e.g. B-amyrin methyl ether] on the
QF=1 columns,

The largest absolute error of £ 0,17 is observed with
the QF-1 column. |

However, the fact that all the retention times shown in
Table IV are the mean of at least three determinations, with
some values [particularly those on the Apiezon L and SE-30
columns] being the meansof as many as ten determinations, means
the actual absolute error should be considerably less than
the maximum of % 0.17. Indeed the self consistency of the

actual results allows the limits of £ 0.10 to be set [as



indicated in the footnote to Table IV].

Reproducibility of data.

L o

The reproducibility of the relative retention times

of the nine triterpene methyl ethers on Apiezon I and SE-~30

columns was tested by performing separate determinations on

different freshly prepared columns after an interval of three

months. The results were within the estimated experimental

error, as calculated above.

Efficiency of columns.

The efficiency of all columns was somewhat less than

would be desired, with the Apiezon L column being by far the

294

2
best, Employing the standard formula of L6 for

X

calculation of theoretical plates [where x is the base width

of the peak and y is the retention value measured in the same

wnits as x], the efficiency of the various columns in terms

of theoretical plates was as follows:

0.5% 1.5%

Compound Apiezon I SE-30
oa-cholestane 2160 408
B-amyrin methyl ether 2544 4.84
a-amyrin methyl ether 2304 44.9
arundoin 2272 449

Triterpene Methyl Ethars.

The c¢ylindrin employed in the gas ligquid

QF-1  CDMS
115 115
184 108
116 195
154 193

chromatographic
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studies was kindly provided by Dr., S. Natori, National
Institute of Hygenic Sciences, Tokyo, Japan, to whom the
present author wishes to express his appreciation. He
also wishes to cordially thank Dr. S. Abe, Yamazaki Works,
Japan for gifts of miliacin, isomiliacin, sawamilletin and
isosawamilletin, and Dr. C.J.W. Brooks of the University of
Glasgow for a gift of taraxerol.

The methyl ethers of multiflorenol and bauerenol were
prepared from multiflorenol and bauerenol [isolated from the
bark of Gelonium multiflorum A. Juss by the procedure of |

142
Sengupta and Khastgir ] by the same general procedure as

was used in the preparation of the methyl ethers of taraxerol,
B=amyrin and a-amyrin, through adaptation of the method of
Morice and Simpsongle

Triterpene alcohol (400 mg) and potassium sand (400 mg)
were stirred in dry benzene (5 ml) at room temperature under
nitrogen for 3 hours. Methyl iodide (1 ml) in dry benzens
(2 ml) was added every 2 hours with refluxing for 12 hours.
Methyl alcohol was added to decompose unreacted potassium,
water added and the benzene layer separated and washed with
water. The solid residue obtained from the organic layer,
on removal of the solvent, was subjected to iInfrared spectral
analysis in carbon tetrachloride solution, to ensure the
abéence of hydroxyl absorption, and then crystallised from

ethyl acetate to constant melting point.
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In this way were prepared in ca 90% yield:-

Multiflorenol methyl ether, m.p. 190-193°, [a], = -32

(¢ = 1.9 in CHC1,),£4,300 at 205 me.  Found: C, 84,4,
H, 11.4. CgqHgp0 requires C, 84,53 H, 11.9%,
Bauerenol methyl ether, m.p. 212-215°, [a]y = =82 (c = L.2

in CHClB)9Ee49100 at 205 mp. Founds C, 84.6 H, 11.9
C4qHz50 requires C, 84.55 H, 11.9% |
Methyl ether of a-amyrin, m.p. 221-223°, [alp = +92 (¢ =8.0
31 o)
in GHClS)o Literature , m.p. 221-222 , [a]D = +93 (in CHClB)a

0
Methyl ether of B-amyrin, m.p. 247-248 , [a]D = +98 (¢ = 2,0
0

31,282
in CHClB)u Literature g MaDe 247-248 , [a]D = +08
0
(in CH013)e Taraxerol methyl ether, m.p. 276-278 .
282,284 o
Literature MePo 278

Isolation of Surface Waxes

Fresh leaves [or rhizomes] of the particular grass
under investigation, in varying quantities as available, were
cut Into 10 inch lengths and immersed in redistilled light
petroleum of b.p. 40-80° for 16 hours at room temperature.
The light petroleum extractives were then obtained by
decantation and removal of the solvent under reduced pressure
on a rotary film evaporator. In this way total light petrol-

eum extractives were obtained as pale yellow waxes from the

followings-
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Cortaderia toetoe G3793, Green Leaves, (4 1bs) 10.5g
Cortaderia fulvida (33794, Green Leaves, (4 1bs) 8.5g
Cortaderia richardii G3817, Green Leaves, (4 1bs) 7.5g
Cortaderia selloana TAIT.APfTs Green Leaves, (4 1bs) 7.0g
Cortaderia atacamensis 04786, Green lLeaves, (4 1bs) 6.0g
Cortaderia, Plimmerton species, Green Leaves, (325 1lbs) 350g
Cortaderia, Plimmerton species, Fresh Rhizomes, EB 1bs) 3.2g

21 1bs) 3.5g

Poa anceps Green Leaves,

Isolation of The Alkane Fractions

In all cases the following procedure was followed:

Total light petroleum extractives (1.0g) from the
particular grass under investigation were refluxed with an
excess of 2,4~dinitrophenylhydrazine (1.0 g) and conc. HC1
(0.5 ml) in ethanol {(20ml) for 2 hr. to convert carbonyl
compounds into 2¢4-dinitrophenylhydrazones. The solwvent
was than removed under reduced pressure and the residue
exhaustively extracted with redistilled light petroleum of
beps 40-60". After removal of the solvent, the light
petroleum=-soluble material was refluxed for 2 hr. in agueous
ethanol (1:¢2, 20 ml) containing NaOH (1.0 g). The solution
was taken to dryness under reduced pressure and the residus
thoroughly extracted with redistilled light petroleum of
bep. 40-60°.  The resulting solution was then chromatographed
over basiec alumina (Woelm grade I, 5 g)and the hydrocarbon
fraction completely eluted with further redistilled light
petroleum of bope. 40-60". The residue obtained on removal
of the solvent was subjected to infrared analysis in KC1 disc
and 1i no absorption other than that duezto alkanes was

observed the sample was submitted directly to gas liquid
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chromatographic analysis on a 0.5% Apiezon I column on the
Pye Panchromatograph under the standard conditions described
on Page 137,

Where ather absorption at 1104 cm"l was present in the

hydrocarbon fraction [viz. with Cortaderia tostoe, Cortaderia

fulvida, Cortaderia richardii and the Plimmerton Cortaderia

species], the alkane containing fraction was treated with
cone H2804 (5 m1) at 140° for 4 hr before being taken up in
redistilled light petroleum of b.p 40-60° and rechromato-
graphed prior to gas liquid chromatographic analysise.

After a satisfactory geloc. trace had been obtained for
the alkane mixture from the particular grass under investiga-
tion, authentic n-nonacosane was added to a sample of the
natural mixture and a second g.l.c. trace obtained with the
new mixture, with identification of the peak which was intensi-
fied with respect to the first trace. Repetition with addition
of authentic n~-untriacontane in place of the n-nonacosane per-
mitted identification of the peak dus to the Cal,gralkane.

A plot was then made of log retention time against
carbon atom number [using the two ldentified peaks] and the
remaining n-alkanes of the natural mixture identified from
their pesitions on this plot, which was a straight line.

Integration of the areas under each peak then permitted
determination of the mole percentages of the individual ‘f/

alkanas, which are given in Table I.
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No extraneous peaks were observed on any of the n-alkane

plots, thus showing the absence of iso- or anteiso alkanes.

Analysis of Fatty Acids and n-Alkanols In Surface Wax

Components

Total light petroleum extractives (1lg) from the particular
grass under investigation were refluxed for 2 hr in aqueous
ethanol (1:2, 20 ml) containing NaOH (3g)s The solution
was taken to dryness and thoroughly extracted with dry ether,
The combined ethereal solutions were then taken to dryness
and the residue refluxed in acetic anhydride (5 ml) for 4 hr, .
to convert the constituent alcohols into the corresponding
acetateso. The reaction mixture was allowed to cool to room
temperature, water (20 ml) added and the solution left to
stand for 24 hr. to hydrolyse the excess of acetic anhydride.
The mixture was then carefully neutralised with sodium
bicarbonate solution and extracted with ether. Removal
of solvent from the resulting ethereal solution afforded the
mixed acetates ready for ge.l.c. analysis.

The ether-insoluble residue resulting from the aqueous
ethanolic saponification of the light petroleum extractives
of each grass was taken up in water (30 ml), the solution
acidified to liberate the free carboxylic acids from their
sodium salts, and extracted with ether to permit isolation
of the acids, After removal of solvent from the ethereal

solution the residual material was dissolved in methanol and
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the resulting solution treated with an excess of an
gthereal solution of diazomethans. Removal of solvents
under reduced pressure then afforded the corresponding
methyl esters ready for g.l.c. analysis.

The gelec. analysis of both the alcohol acetates and
the methyl esters of the acids were conducted on 10% PEGA
columns on the Pye Panchromatograph at 175° under the standard
conditions described on page 166. Authentic n-hexyl acetate,
n-octyl acetate and n-decyl acetate were employed to ald
identification of the unknown acetates, through intensi-
fication experiments analogous to those described for the
g.l.c. alkane analyses described above. Similarly authentic
methyl laurate, methyl palmitate, methyl stearate and methyl
oleate were employed in analogous fashion to aild identification
of the unknown methyl esters.

For the alcohol acetates, all the peaks fell on the one
straight line when log retention time was plotted against
carbon atom number, whilst the only peak not falling on the
one straight line for the analogous plot for the methyl esters
was that identified as methyl oleate by addition of authentic
material.

Integration of the areas under the peaks [using a gravi-
metric procedure] afforded the %age of each component present.
The results are given in Tables II and III.

Isolation of Triterpene Methyl Ethers

Total light petroleum extractives (2.0g) from the -
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particular grass under invegtigation, were dissolved in

light petroleum of b.p 40-80° and chromatographed over
neutral alﬁmina (Woelm, grade I, 50 g), using further light
petroleum of bap 40~-609 to develop the column. The initial
eluants contained mainly paraffins, but subsequent fractions
yielded crystalline material which proved to be the triterpene
methyl ethers.

In the case of Cortaderia fulvida and Cortaderia richardil

the total triterpene methyl ether fraction, on gel.c. employing
a 0.5% Apiezon L column, showed a single peak corresponding

in retention time to that of arundoin. On recrystallisation
from ethyl acetate both samples showed a m.p. of 235-237° and
gave no mixed melting polnt depression with authentic arundoin.

The infrared spectra were ldentical.

In the case of Cortaderia tostoe and the Plimmerton

Cortaderia species the m.pe.s of successive fractions of the

triterpene methyl ethers progressively decreased from 235° to
ca 210° and gelece analysis revealed that the later fractions
were becoming progressively enriched with Ether 'B' and Ether
'C e

Isolation of Arundoin, B-Amyrin Methyl Ether and a-Amyrin
Methyl Ether

Total light petroleum extractives (80 g) from the

Plimmerton Cortaderia specles were dissolved in light

petroleum of Depe. 40-60° and chromatographed over neutral



152,

alumina (B.D.H: 1200 g) using light petroleum of b.p.
40-60° to develop the column. The initial eluants were
rejected and the main triterpene fraction, which eluted
- subsequently, collected.

Gradual increase of the polarity of the solvent through
addition of progressively greater quantities of benzene, to
pure benzene and then through addition of progressively
greater quantities of cechloroform to pure chloroform gave
an ester fraction followed by an alcohol fractione These
fraections were not further investigated in the present work.

The crude triterpene methyl ether fraction (5.5 g = 6.9%
of the total light petroleum extractives ) was dissolved in
light petroleum, b.p. 40~60° and rechromatographed over
neutral alumina (Woelm, grade I, 100 g) using further light
petroleum to develop the column. After rejection of an
initial small paraffin fraction, subssequent eluants afforded
pure arundoin (2.7g ) and then a mixture of arundoin with
Ether 'B' and Ether 'C'.

The latter fractions (80 mg), containing the highsst
proportions of Ether 'B' and Ether 'C' were dissolved in
AnalaR chloroform (0.25ml) and the solution automatically
injected, 15 to 20/l at a time onto a 1%-Apiezon 'L’
column in the Aerograph -A700 instrument. The fractions
corresponding to the three well resolved peaks on the trace
were collected as they eluted from the column in capillary

glass tubes. After 9 cycles were obtained Ether 'B' (12mg),
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Ether 'C' (5 mg) and Arundoin (20 mg Je

Ether 'B' had m.p. 246~248°, which was undepressed
on admixture with authentic B-amyrin methyl ether.,
Further identification of Bther 'B' as B-amyrin methyl
ether was achleved through comparison of infrared and mass
spectra.

Ether 'C' had m.pe 220—2220, which was undepressed on
admixture with authenticel —-emyrin methyl ether. Further
evidence that Ether 'C' was indeedol-amyrin methyl ether was

achieved through comparison of infrared and mass spectra.

Isolation of Arundoin and Sawamilletin from Cuban Sugar

Cane Wax
: a7a

Substance 'W' (40 mg) isolated as previously described
was dissolved in AnalaR chloroform (0.2 ml) and the solution
automatically injected, 15 to zqnﬂ at a time onto a 3%-SE-30
column in the Aerograph - A.90. P3 instrument. The fractions
corresponding to the two well resolved peaks on the trace
woere collected as they eluted from the column in caplllary
glass tubes. After eight cycles were obtained Fraction A
corresponding to peak I (10mg) and Fraction 'B' corresponding
to peak II and III (12 mg).

Fraction 'A' had m.p. 276—2780 which was undepressed on
admixture with authentic taraxerol methyl ether. Further

identification of Fraction 'A' as taraxerol methyl ether

was achieved through comparison of infrared and mass spectra
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Fraction 'B' had m.p. 235-286° which was undepressed
on admixture with-authentic arundoin., The small amounts
of the material corresponding to peak II which were present
had no perceptible influence on either the mass spectrum
or the infrared spectrum of Fraction B, which were identical

" with those of authentic arundoin.
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SECTION V

CHEMISTRY OF ARUNDQIN



L73.

INTRODUCTION,

As indicated in the previous Section of this thesis,

observation of strong absorption in the infrared at 1104 cm“l

in the alkane-containing fraction from a sample of New Zealand
1
'toatoe ' grass , at that time designated 'Arundo conspicua’

Forst. f. but now identified [Section IV of present thesis]

as Cortaderia toetos Zotov, led to the isolation of a
crystalline compound, named arundoin, which was characterised2
as a triterpene methyl ether of unknown constitution. The
studies presently described are concerned with the elucidation
of the chemical structure of arundoin.

Barlier work by Hamiltong had established that arundoin,
which exhibited dimorphism with the two forms melting at 235-
237° and 271-273° and which showed [*] -9° in CHC1,, had a
molecular welght of 440 [mass spectrum]. This value was in
agreement with the analytical figures obtained by Hamilton

which fitted a molecular formula C_..H 2O - 1o a formula

3175
::.., Q 64"‘52 -
having 6 double bond equivalents (CnH2n+2 = Cg1Hgy$ > =6 )
which is the number of double bond equivalents imposed upon

3
triterpenes by their mode of biogenesis , provided that there

is no subsequent introduction of additional unsaturation. A
strong singlet in the n.me.r. spectrum of arundoin at 6°62 T -
earlier considered to have an intensity of 4 protons but now
known to have an intensity of 3 protons [pageld4 this thesis] -

coupled with the presence in the mass spectrum of arundoin of
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ions at % ;§§§§S§§‘ and %~278~32 were deemed evidence for8
the presence En é secondary carbon atom of a methoxyl group o
The methoxyl function could not, however, be demonstrated
directly in a Zeisel determination owing tc the insolubility
of arundoin in the hydriodic acid reagent.

The presence of a double bond in arundoin was deduced
from the production of a yellow colour with tetranitromethanse,

infrared absorption (CCIQ solution) at 3028 cm—l, 1639 cm”l

and 810 em T

, and ultraviolet end absorption at 203 n{ﬂ,(ﬁwg%o).
The original n.me.r. spectrum of arundoin available to Hamilton
did not permit the identification of any olefinic proton absorp-
tion, but that the double bond was trisubstituted was deduced
from the infrared absorption, from the ratio of £.210mp which

€ 220m M
at 6°0 was in the correct range for a trisubstituted doubls

bond4, and from the failure to achieve reduction of the doublse
bond employing a prereduced platinum catalyst in an ethyl
acetate—acetic acid medium in the light of the known rasistance
of triterpene trisubstituted double bonds to hydrogenationo5

A later n.m.r. spectrum obtained in the course of work by Dr.
S.Js Smith6 clearly showed a multiplet at 4°65??of intensity
one proton, thus conclusively demonstrating, when taken .in
conjunction with the U.V. data quoted above, the presence of
but one double bond in arundoin, which was indeed trisubstituted.
Both Hamiltonz and Smith6 reported fallure to isomerise this
double bond with hydrochloric acid in chloroform. More

vigorous attack by means of concentrated sulphuric acid was



a7,

246
raported by both workers " %o yield, after the production

of a red colour, a mixture showing carbonyl absorption but
no ether ahsorption at 1104 cm™' in the infrared, indicating
attack on the methyl ether function, but neither worker
iéolated any pure crystalline compound from the mixture.
Smith6 also attampted selenium dioxide oxidation about the
double bond of arundoin, but reported no succdss,.

The presence of but one double bond in a compound having
a formula requiring 6 double bond equivalents demands that
the compound be pentacyeclice Indeed evidence that arundoin
was a pentacyclic and not a tetracyelic triterpene was adduced
by Hamilton from the fact that no ilons corresponding to loss
of side chain (a 08 unit for lanostane and cholestane deriv-
atives a 09 unit for 24-methyllanostane and esrgostane deriv-
atives, or a Clo unit for 24-ethyllanostans and stigmastane
darivatives)ras is characteristic of tetracyeclic triterpenes
and steroidszg were present in the mass spectrum of arundoine.

From %nezabove data% it is apparent [as concluded by
both Hamilton and Smith ] that arundoin must be a pentacyclic
triterpens having a trisubstituted double bond and bearing a
methoxyl group on a secondary carbon atom.

At the time of Hamilton's work im 1962, the mass speckral
fragmentation gf arundoin could not be correlated with any of

the then known triterpene cracking patterns, and so the

position of the double bond could not be placed, other than
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that 1%t could not be in the 12, 13(18), 14 or 18 positions,

The absence of any peak derived by the loss of 43 mass
units [isopropyl group] in the mass spectrum of arundoin
determined using a direct inlet system led Ham:i.lton2 to thse
conclusion that arundeoin should belong to either the ursane
group or the oleanane groups He sought to distinguish
between thess two possibilities by quantitative infrared studies
in CCl4 solution in which the ratio of the ¢ value of the
angular methyl C—GH8 stretching absorption at 1376 amml to
the g;valuﬁ‘of the gemdimethyl C‘m-CH‘3 stretching absorption
at 1364 cm_l was compared to the an;logous ratios for
taraxerol methyl ether and e{-amyrens - From the result it
was concluded by Hamil%onz that 2 pairs of gemdimethyl groups
were probably rresent in arundoine.

Hamiltond also considerad molecular rotational differences
between known triterpens alcohols and their derived methyl
ethers, but in wview of the extreme similarity of molecular
rotational differences in the various pentacyecliec triterpene
skeletal typeslog no conclusions could be drawn. Nor could

he draw any conclusions from considerations of the melting

points of wvarious appropriately chosen triterpenes,

DISCUSS ION

Work on the elucidation of the structures of arundoin
was considerably aided by the publication in 1983 of an

important paper on the mass spectral fragmentation of a
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.3
I
O
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wide wvariety of triterpens types by Budzikiewicz, Wilson
and Djerassill which permitted immediate identification of
the mass spectrum of arundoin as being characteristic of
a 9(11 )=ane. Accordingly, on the assumption that arundoin
was indeed a 3-methoxy pentacyclic triterpene possessing a
9(11 ) double bond, as suggested by the n.m.r. and mass
spectral evidence as summarised above, in the present work
it was decided to convert arundcoin into the corresponding,
7,9(11 )-diene in order that direct comparison could be made
with the 7,9(1l)=dienes of established structure derivable 1o
from the methyl ethers of triterpenes such as multiflersnol
and baueren01012918

On the basis of the report by Smith6 that arundoin did
not undergo selenium dioxide dehydrogenation into the 7,9(11)-
diene under the normal conditions, arundoin was converted
into the corresponding 7,9(11 )-diene by a sequence analogous
to that employed in the conversion of arborinol into its
7,9(11)~dien91%e This sequence involved spoxidation of the
9(11) double bond with trifluoroperacetic acid, acid catalysed
elimination from the resulting epoxide and chromatographic
purification of the product.

The 'diene' so obtained from arundoin was clearly not
identical with the diene (I) prepared from the methyl ether
of bauerenol (infrared in CC1 and mixed m.p.]. However

4
there was a marked similarity between the infrared spectra
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measured in C»G.'.LqE solution of the disne prepared from

arundoin and that of the 7,9(11)~diene (II) prepared from

the methyl ether of multiflorencl and this coupled with a

lack of melting polnt depression between the two specimens

gave rise to the erronsocus conecluslon that arundoin was
3p-methoxy-DeC friedo oleana-9(11) ene -~ a conclusion which
was considered to have blogenetic support in the identification
of a second oleanans derivative, B-amyrin methyl ether (see
saction IV of this ﬁHBSiS)9 as a minor component of ‘Arundo

2
congpicua ' by Hamilton .

The lack of any loss of 43 mass units in the mass
spectrum of arundoin [corresponding to loss of an i1sopropyl
group] when a direct inlet system was employed [ see page. 137
and the lack of resclution of the methyl group proton abso:p-
tions in the 9Cregion of the n.m.r. spectrum of arundoin
obtained with a 40 megacycls instrument caused an E:C~friedolup-~
9(11 )-ene or an EsC~-friedoisohop~9(1l)~ene structure to be

omittad from consideration.

15
Accordingly a preliminary announcement of the structure

of arundein as 3@-methoxy-D:C~-friedooleana~9(11)-ene was made.
However, on its appearance, Dr. S, Natori kindly informed us
of his own work on a triterpene methyl ether, which he had
1solated, together with cylindrin [iscarborinol methyl ether]

18
from the grass Imparats cylindrica. He believed this

compound to be idegtical with arundoin from ths published
a
physical constants , but he could not agree to its structure
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being 3f~methoxy-D:C-friedocleana~9(1l )~ena on the basis of
his own experimental work. Direct comparisons of speci~-
mens of arundoin and Dr. Natori's triterpene methyl ether
in both the Glasgow and Tokye iaboratories {i.r. in KC1 disc,
gelaco, wixed mopo ) indisputedly proved thelr identity,
whilst preoof that arundoin was 1ln faect 3B-methoxy-EsC _
friedoischop=9(11 J-ene (IIT) was advanced by Dr. Natoril?e

The first important clue to the trus ldentity of arundoin
was fuprnished by the n.m.r. spesctrum cbtained by Dr. Natoril
with a 100 megacycls instrument, which, uniike the n.m.r.
spectrum svailable to Smith6 from a 40 megacyele instrument,
showed clear resolution of a doublist in the 9¥region with
each peak having an ilntensity of 1°5 protons, thus indicating
the presence ofa methyl group on & carbon atom bearing a
hydrogen atous Such a situation 1s of course incompatible
with an oleanane skesleton, but in keeping with the presencs
of an isopropyl group.

A further clue ﬁoq?he true constitution of arundoin
obtained by Dr. Natorii? came from the product of chromie
acid oxidation of arundoin which was & conjugated enone having
an Q.R.D, curve coinciding with those of fern-~2{(11 )-en-128-one
and methyl 12-ketocdavallate.

Final proof of the constitution of arundoin as 36-metngy~
EsC friedoischop~9(1l J-ans was then obtained by Dr, Natorii!

through its conversion as shown in Fig., 1 into fern-8-ene (VII),

ldentical din all respects with an authentic specimen. Thus



Figure 1

Conversion of Arundoin into Fern-8-ene.
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Fern-8-ene



1304

treatment of arundoin with a mixture of acetic anhydride,
hydrobromic acid, chloroform and phenol replaced the 308~
methoxyl group by a 2B-acstoxy group leconfiguration deduced
from ri.Moro data] and at the same time isomerised the double
bond from the ©{11 )-pesition into the 8-position as shown by
the mass aspectral fragmentation pattern to give compound IV,
A separate experiment clearly demonstrated th%t9 in direct
negation of the claims of Hﬁmiltong and Smith ‘the double
bond in arundoin was smoothly isomerised from the %(11)-
position te the 8-pozition on tresatment with acid. !
Hydrolysis of the 3f-acetoxy—~8-sne (IV ) resulting from
the trestmont of arundein with the acetic anhydride/HBr
reagent in chloroform phenol gave the corresponding 38~
hydroxy compound (V) which was in turn oxidised by means of
chromic oxide in pyridine to the 2=ketons (VI)e Wolff-
Kishner reduction of this ketone then afforded fern-8-sne (VII),
As a vesult of this work by the Japanese group it becams
nacessary to put Into train further work to rectify the
errongcus conclusions made earlisr in the Glasgow laboratories.
Accordingly the action of HCL in CHCla on arundoin wss
first reinvesﬁigaigds and it was found that in agreement with
the Japanese work ! arundoin was smoobthly converted into an
isomer of m.pe 205-224" and Bﬁﬂn + o8 (CE613) which on the
grounds of molecular rotation differances and the absence
of double bond absorpiion in the 1.v. can be assigned the

structure of 3B~-methoxyfern-8-sne (VIII ). Redetermination
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of the @ﬁ]b of arundcin %ave a valua of «5“?0 rather than the
~g@ reported by Hamilton dIn good agreement with the wvalus
of =5°3° quoted by the Japanesel?g but our specimen still
melted a? 88?0 rather than the 24,0~243° guotad by the
JapaneseL?o

Application of gas liquid chromatography to the original
specimen of our 7,9(1l1)~diene prepared from multiflorenol,
showed it t¢ be a mixture, so its preparation was again carried
out and a pure specimen obtained. In view of the discrerancy
of physical constants between our arundoin epoxide (m.p. 225-
22609 &xﬂD + 36 in CHClB) prepared by the action of tri-
flucroacetic acid and hydrogen peroxide on arundcoin, and %h@“
epoxide from arundoin (mep. 271-272° ) prepared by the Japaﬂeéz
by the actlon of perbenzoic acid on arundoin, attempts wers
made to compare the products obtained by both procedures.
All attempts to repeat the triflucrcacetic aci@/HgOa procadure
failed, but employing perbenzoic acid, a preduct (IX) cssulted

having me.p. 269271 in good agreement with the Japaness
=3

«‘7
IR Sy

worke

Treatment of this compound with sulphuric acid followad
by alumina chromatography of the product affordsd the 7,8(11 )-
disne (X) in pure form [as shown by g.l.c. analysis] having
mepo 228-220° and Amax 232,239, 247°5mp (£ 15,5007 16,3003
9,900 ) in hexane. The ultraviolet svectrum waz Ltnus in

L7
good agreement with that obtained by the Japanese and wiin
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the spectra characteristically given by 7,9(11)-dienes of
both tetracyclic and pentacyclic triterpenes where the methyl
group on C~13 has theoC—configuration and the methyl -group
on C-14 has the B-configurationlg,lg%l8 - such ultraviolst
spectra being quite distinct from those of 7,9(1l )-dienes
having anec-methyl group at C=14 and a @-methyl on C--13M’18a
Direct comparison of the 7,9(11)-diene thus obtained from
arundoin with the 7,9(11)-diéne derived from multiflorenol
methyl ether showed that they were non-identical.
Re—-determination of the mass spectrum of arundoin employ-
ing a heated inlet system in place of a direct inlet system
revealed the presence of an ion at %'865 derived by a one-
stage loss of 43 mass units (isopropyl group) from the ion
at %-408 as proved by the appearance gf s metastable ion at

3265 (caled. for £'408— L 3es, 252 = 326+5), as has

already been discussed [pagel3®..Section IV of this thésis)9
15
so all discregancies between our original report and the
r?
Japanese work were thus resolved and the structure of

arundoin, as determined by the Japanese, accepted by us as

3@~-methoxy-E ¢C friedoisohop-2(11 )=enes,
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EXPERIMENTA L

Materials and Method:

Melting points were taken on a Kofler block. Optical
rotations were measured in chloroform solution, in 1
decimeter cells using a Unicam, 'PEPOL-66', No. 558801
[Bellingham and Stan;ey Ltd., London.] instrument. Infrared
spectra were taken on a Perkin-Elmer-237 instrument in KC1

disce Ultra violet absorptions were measured in hexane.

Isomerisation of Arundoin:

Into a solution of arundoin (50 mg) [ebtained from

Cortaderia toetoe, section IV of this thesis] in chloroform

(10 m1) dry hydrogen chloride was passed for half an hour,

The solution was then washed well with water and sodium
bicarbonate solution, and the organic layer separated, dried
over anhydrous sodium sulphate, and filtered. Removal of
solvent and crystallisation of the solid residue from hexane
gave the isomerised product, 3p-methoxy fern-8-ene (VIII),
having m.p 223-225°; [ee], = +80° (c=2).  Found: C,84.55; .
H,11.8; caleulated for C_ H_ 0t C,84,5; H,11.9% Literature
Mmopo 223-2240; E£]D=+28.9(chloroform).

Epoxide from Arundoin:

To a solution of arundoin (75 mg) in chloroform (5 ml)

was added 0.5ml of a 0.817N solution of perbenzoic acid in



chloroform. After standing for 24 hr. at room temperaturs
the solubtion was shaken with several portion of aqusous

sodium carbonate and the chloroform layer dried over anhydrous
gsodium sulphate. Removal of solvent and crystallisation of
the residue from hexane gave the epoxide of arundoin (IX)
(2omg ) m.p. 269-271°% [et] = +79.6 (C=1.8); Found: C81.46;

17

H,11.47 Calculated for C C481l.5; H,11.5% Literature,

H O s
31 52 2
MepP. 27122720

3p-Methoxy-D :C~friedooleana-7,9(11 )~diene: (II)

To a suspension of multiflorenol methyl ether (100 mg)
[obtained from multiflorenol as described in section IV] in
glacial acetic acid (25ml) was added a solution of selenium
dioxide (100mg) in acetic acid (2.6ml) and the mixture heated
on a steam bath for 1 hr. After cooling and separation of
deposited selenium by filltration, the mixture was diluted
with water and the precipitated solid collected and dried.
It was then taken up in light petroleum (50ml) and filtersd
through a column of alumina [Woelm, basic, 3g] employing a
further 150 ml of light petroleum to complsete the elution of
crystalline 3f-methoxy-D:C-frisdooleana~7,9(11 )-diene (II)

having m.p. 226-228°., Found: C,84.63 H,11.47} CgqHe 0
requires C, 84,.84; H, 11.49%. Amax 232, 239 and 248mp

(£~16,100,16,800 and 9,500 ).

33-Methoxy=-D :C-friedoursa-~7,9(11 )=diene (I )

To a solution of selenium dioxide (150mg) in acetic
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acid (2.5ml) was added a suspension of bauerenol methyl

ether (150mg ) [prepared from bauerenol as described in

section IV] in glacial acetic acid (25ml) and the mixture
heated on the steam bath for 1 hr. After cooling, filtration
from the deposited selenium, and dilution with water, a
crystalline solid separated. This was washed thoroughly
with water and then dissolved in light petroleum, b.p. 40-60°
(50m1 ) and filtered through alumina [Woelm, basic, 3e].
Elution of the column with further light petroleum (100ml)

and combination of the total eluants afforded, after removal

. of solvent, 3P-methoxy-DsC-friedoursa-7,9(11 )-diene(I) (100mg)
which on recrystallisation from ethyl acetate had m.p. 182-183°
Amax 232, 239.5, 248mﬁ¢@?16,600, 17,400 and 10,200). Found:

C,84,25 Hyll.5; C 0 requires C,84.84; H,11.49%.

31H5O

3-B-methoxy-fern-7, 9(11 )-diene (X).

To a solution of the epoxide of arundoin (25mg) in
chloroform (5ml) was added concentrated sulphuric acid (Iml)
and water (3ml) and the mixture agitated on a mechanical
shaker at room temperature for 48 hr. The organic layer was
separated, washed with sodium bicarbonate solution, and then
with water, dried over anhydrous sodium sulphate and finally
taken to dryness. The residue was taken up in light petroleum
b.p. 40-60° and chromatographed over alumina [Woelm, neutral

2gl. The initial eluants obtained with light petroleum
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afforded colourless needles of 3f-methoxy-fern-7, 9(LL )~
diene (X) mopo 228-2290‘@@1)::—154,50 (C=1.5), A max. 232,239
247.5mp (E15,500, 16,900, 9,900 ) Founds C,84.76; H,lloé}.‘;;
calculated for Cq1Hgo0s C,84.843 H,;11.49%. Literature  m.p.
228-231° [e¢]=-157" (cHCL )
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