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SUMMARY .

The possibility that long-chain epoxy acids may be key
intermediates in the biosynthesis of acids with conjugated unsat-
uration has heen investigated. By isomerisation of several
epoxy acids with acidic and basic catalysts it was hoped 1o
provide a chemical model to support this postulate.

Acid~catalysed rearrangement of methyl vernolate, although
giving no support for the above hypothesis, yielded a novel
oxocyclopropane ester, identified by degradative and synthetic
techniques as methyl 12~o0x0-9,10-methyleneheptadecanoate. This
reaction was studied in {wo solvents under different conditions,
and a mechanism has been proposed for the formation of this
unusual ester. Under optimum conditions the ester was obtained
in 34% yield.

Base~catalysed rearrangement of suitably activated epoxy
esters provided useful support for the biosynthetic postulate.

By this means partial syntheses were effected of methyl coriolate
from vernolate, racemic methyl aL-dimorphecolate from 9,10~epoxy-
octadec~l2~enoate, and racemic methyl helenynolate from methyl

9,10-epoxyoctadec~l2-ynoate. A synthesis of methyl parinarate




(xi)

from methyl linolenate via an epoxy intermediate was also
attempted.

Re-examination of three seed oils for unknown epoxy acids
which would be biosynthetic intermediates, led %o the discovery
of a new epoxy acid, cis-9,l10-epoxyoctadec~l2-ynoic acid, in

Helichrysum bracteatum seed oil.

Finally, the inter—- and intraglyceride distribution of
vernolic acid in six seed oils was examined. It was shown that
vernolic acid, like oleic and linoleic acids, competes

effectively for the 2-position in the triglycerides.
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ABBREVIATIONS .

GLC -~ Gas-liquid chromatography.

DEGS =~ Diethyleneglycolsuccinate polyester.

ApL ~ Apiezon L grease.

C.No ~ Carbon number.

TMS ~ Trimethylsilyl ether.

(prep.) TLC - (preparative) Thin layer chromatography on
Silica Gel G.

(prep.) Ag+/TLC ~ (preparative) Thin layer chromatography on
Silica Gel G impregnated with silver nitrate.

NMR - Nuclear magnetic resonance.

IR ~ Infra red.

uv - Ultra violet.

For acids.
1851 =~ Mirst number gives the chain length, the second number

the number of double bonds.
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OCCURRENCE AND POSSIBLE BIOSYNTHETIC SIGNIFICANCE

OF LONG~CHAIN EPOXY ACIDS.

l. Occurrence and structure of epoxy acids.

The first epoxy acid shown to occur naturally, 0ig-12,13~
epoxyoctadec—-cis-9~enoic acid, was discovered and characteriscd
by Gunstonel in 1954. This acid, vernolic acid, comprised T72%

of the mixed acids of Vernonia anthelmintica seed oil. It was

later isolated from this oil by Smith et alo2 who confirmed
Gunstone's work.

3,4

The same workers~'"' also described the occurrence of its
isomer, ¢is-9,l0-epoxyoctadec~cis—~l2~enoic acid, as a component

of Chrysanthemum coronarium seed oil,

These two acids are obviously related to linoleic acid and
epoxy acids structurally similar to oleic and linolenic acids
have also been characterised (Table 1, p. 3).

cig-9,10~Epoxystearic acid was first identified by Hopkins
and Chisholm5 as comprising 3% of the acids of Tragopogon

e

porrifolius seed oil.  Shortly afterwards the same acid was

observed by Tulloch and oo—workersb~9 in many fungal spores.
An acid related to linolenic, gig—lS,lG-epoxyootadecafgigu
9,cis-12~dienoic acid,; has been found in small amount in +the

seed oil of Camelina satiqg}o and Morrisll considers, on the




e

basis of chromatographic evidence only, that it may be present in
trace amountg in geveral other seed oils. It seems likely that
the other monoepoxides of linolenic acid (9,10—epoxyoctadeca~gg§~
12,cig-15= and 12,13-epoxyoctadeca~cis~9,cis~15~ dienoic acids)
also occur and will be discovered in the future.

The present work has led to the discovery of a new epoxy
acid, cis-9,l0-epoxyoctadec-l2-~ynoic acid, in Helichrysum

n
bracteatum seed oill“.

Some of these acids exist in several stereoisomeric forms.

12,13-Fpoxyoctadec~9—~enoic acid has been shown to occur in both

13

enantiomorphic forms

: Syl ; .
geometric formsp’l‘. The absolute configuration of the naturally

and the 9,10-evpoxystearic in both

occurring enoxy acids has also been the subject of several
recent studies. The elegant work of Morris and wharryIB
established that the (+)-epoxyoleic acid (vermolic) from Vernonia
0oil has the 12D,13D configuration. They also concluded that the

(~)~epoxyoleic acid from the Malvaceae seed 0116 tmat have the

-

12L.13L configuration. By similar studies Powell et al.l6

confirmed the absolute configuration of vernolic acid and showed

that the two 9,10-epoxy acids present in Zeranthemum annuum seed

oil, 9,1l0-epoxystearic acid and 9;1l0~epoxyoctadec~l2-enoic acid,
both have the 9L,;10L configuration.
These epoxy acids havce been the subject of two recent

reviews by Holffl7 and Krewson18 and their wide-spread
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disgtribution is now accepted Gunstonel9 has indicated their

occurrence in more than 40 snecies from 12 different plant

families. Sometimes two or more of these acids occur in the

game seed oil

11,14,16

Table 1.

Common acid Fpoxy acid

T e

40 +CH3CH.(C ‘
CH, (cH HsCH.( H2)7 Co.H

2)7 2

oleic

CH,.(CH,) dﬁ‘EH (cH CO 1
30 2 70 o o o

2)7

CHBO(CHQ)d,CH:CH,CH °CHsCH°(CH2)7,COZH

2

linoleic 0

CH, .(CH,) dg‘% CH, .CH3:CH.(CH,)., .CO.H
1{30 12 4.°I'°IHDJL L) o o 270 O

2 e

0 vernolic

(‘ T o /\ v
CH, . CH2)4,CH°CHQCH2oCHnCHo(QH2)7°COQH

coronaric
¥ 3‘0() plg ° otgl‘.o o
CH3.CH2.CH CH «CH,, . CH 8CH . CH,, . CH 3CH (cnz)7 GO H
linolenic
g
CHB,CHZDCH.CHOChz,CH3CH.CH2.CH:CHO(CH2)7.CO2H
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2. The role of epoxy acids in the biogynthesis of conjugated

va- o e padaieiie. Sunhastie

polyenoic acids.

Natural long-chain polyene acids are predominantly methylene
interrupted compounds having cis configuration. Linoleic acid
(18:2; 9c,12¢c) and linolenic acid (18:3; 9¢,12¢,15¢) are the
best known members of this class which also includes many 016'
020 and 022 acidsgo.

In addition there are a few polyenoic acids with conjugated
unsaturation which is partly cis and partly trans. Those of

lipid origin are almost entirely 018 acids and the more important

members are listed in Table 2.

Table 2.

Con jugated acid Trivial name Reference
13-0H;9¢c,11% coriolic 2l
9-0H,10%,12¢ d—dimorphecolic 22
9--0H,10%,12% p-dimorphecolic 23

8%,10%,12¢ calendic 24
8c,10t,12¢ jacaric 25
9¢,11%,13% J-—eleostearic 26
9¢,11%,13¢c punicic 27
9t,11%,13¢c catalpic 28
9¢,11%,13%,15¢ parinaric 29
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These include three hydroxydienes, five trienes and one
tetraene. It is increasingly held that these arise from linoleic
and linolenic acid and early suggestions about how this might
occur were made by Gunstone and by Morris.

30

Gunstone suggested that most of these acids might be formed
in the seed from linoleic acid via ll-hydroxyoctadeca-9,l2~dienoic
. . B4, : e s M o s
acid. Morris™ , however, considered this intermediate to be
"meither necesgsary nor lilkely" and provosed that these acids are
formed from linoleic acid by initial engzymic peroxidation,
followed by rearrangement and reduction, to produce hydrox
N2
3¢ 4.3
1.7er33

conjugated diene acids. Dolev et a and Samuelsson and

"
34435 have recently dcmonsitrated the high positional

Hamberg
specificity of some lipoxidase systems on unscaturatecd acids and
this may be viewed as supvort of Morrig'® hypothesis.

The possibility that the conjugated trienes arise from the

93, 0

hydroxydienes is an obvious one ags iz the relation betwecen

oleic; linoleic and linolenic acid and the natural evoxy acids

19

discussed in ppe. 1-~3. Gunstone recently suggested that the
two epoxyoctadecenoates (vernolic and coronaric) could rearrange
to hydroxydienes to provide a complete biosynthetic seguence
which can be gimply renresented:

linoleic —) epoxymonoene —3 hydroxydiene —> conjugated <triene

This can be eclaborated to provide the following seguences:




il

(i)  1linoleic —} vernolic —p coriolic —) punicic and

ol -eleostearic acids (Tablc 3, p. 7).

(ii) 1linoleic — coronaric —) ol ~dimorphecolic -3
jacaric and calendic acids (Table 3, p. 7)-

(iii) crepenynic — monoepoxidised orepenynic —
helenyrolic acid (Table 4, p. 8).

(iv) linolenic —) 12,13-epoxidised linolenic - 12-hydroxy

and l3-hydroxy triene -3 parinaric acid (Table A Be 8)s

The ultimate proof of these biosynthetic seguences must be
provided by the use of labelled compounds with the whole nlant,
parts of the plant, or with isolated enzyme systems. Short of
this however, it is possible to provide valuable supporting
evidence along the following lines:

(a) The intermediates are likely to occur naturally with the
correct structure both in gross terms and stereochemically.

(b) There might be evidence of co-occurrence of some or all of
the compounds involved in the total seguence.

(¢) The reactions must be chemically feasible.

Ttems (a) and (b) will be discussed here though some addit~
ional experimental evidence is cited in Chapter IV. The main
part of this thesis is concerned with further examination of

item (c).




18:2 (9¢,12¢)

mono—epoxidation
\L Js
9,10~epoxy 18:1 (12¢) 12,13-epoxy 18:1 (9¢)
coronaric veraolic
!
rearrangemnent J/ reorrangement
W
9-hydroxy 18:2 (10%,12¢) 13-hydroxy 1832 (9c¢,11%)
A ~dimorphecolic coriolic
dehydration dehydration
1823 (8c,10%,12¢) 1823 (9¢,11%,13¢)
jacaric punicic
18:3 (8%,10%,120) 18:3 (9o0,11%,13%)
calendic ol ~cleostearic




1852 (9¢,12a)
crepenynic
evoxidation
s
9,10--epoxy 18:1 (12a)

rearrangement

9-hydroxy 1832 (10%,12a)

helenynolic

Table 4.
16383 (99.7 12¢c, 15(:.‘.)

linolenic

monoepoxidation

g

12,13~-epoxy 1822 (9c,15¢)

rearrangement
\l¥
12-hydroxy 18:3 (9¢,13t,15¢)
and

13-hydroxy 18:3 (9c,11t,15¢)
dehydration

18:4 (9¢,11%,13%,150)

parinaric

(a)  Structure of intermediates and products.

S 8 A iy

If these epoxy acids,; hydroxy acids and conjugated tricne

and tetraene acids are rclated to the more common linoleic and

linolenic acids then in all cases excent two ('3~dimorphecolic

and catalpic) double bonds in the original position (9 or 12 or

15) retain the cig configuration. Thus; vernolic, coriolic;
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dh~eleostearic and punicic acids still have the 9¢ unit from
linoleic, and coronaric, dedimorphecolio, calendic and jacaric
acids still have the 12¢ unit from linoleic. Similarly,
parinaric retains the 9¢ and 15¢ units from linolenic.

The pronosal also has important consequences in respect of
the absolute configuration of the intermediatc oxygenated acids
as it would be expected that the absolute configuration of the
epoxy acid and the derived hydroxydiene acid would be the same,

' i ik X :
Of the hydroxydiene acids, coriolic acid™™ has the 13D config-

37

uration, and.oL~dimorphecoli022’36 and.g5~dimorphecolic acids
bota have the 9D configuratione. Thus in seguence (i), vernolic
acid (12D,13D) could be the preoursor of coriolic acid (13D) but
in sequence (ii), coronaric (9L,10L) is unlikely to be the
precursor of J~~dimorphecolic acid (9;1}_)o However; as 12,13-
epoxyoleate has been shown to occur in both 12D,13D and 12L,13L
configurations, it is possible that the 9,10-epoxyoctadec~l2-enoic
acid might do so likewise; the 9D,10D isomer would then be the
precursor of dh.-dimorphecolic acid.

In the dehydration of the hydroxydienes to the conjugated
trienes both 1,2-cis and 1,2-trang dehydration apwears to be
POSSible38o

With sequence (iii) the intermediate monoepoxidised

crepenynate was not known but on the basis of this hypothesis it
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was sousht and found. This is described in Chapter IV.

In sequence (iv), linolenic -—3 parinaric acid, no useful
comments can be made regarding the stereochemistry of the epoxy-
diene or the hydroxytriene(s) intermediates as none of these
ig known. The epnoxydiene (g£§~15;lG—epoxyoctadeoa~gi§—9,g&gm
12-dienoic acid) that has been reported by Gunstone and Morrislo
conld by similar rearrangements give rise to a l6-hydroxy 9c;12¢,
14t acid and thence to the 9¢,12c,14t,16c and 90,12¢,141,10%
tetraene acids, but acids with these structures have not yet
been discovercd.

The tiro acids which do not fit conveniently into these

achemes, Fgwdimorphecolic and catalpic acids, are Mmown to co-

31

exist with the 9¢,121 and 93,12339 igsomers of linoleic from
which they may be derived by similar epoxidation-rearrangement-

dehydration sequences.,

(b)  Co-occurrence of members of the biosynthetic seyuences.

Tt e i

Linoleic with the other acids. Linoleic acid is present in

almost every seed oil so its co-occurrence with any other acid is

not significant. The co-occurrence of the 9¢,12% isomer with

31

ﬁ'mdimorphecolic acid in Dimorphotheca sinuata sced o0il”", and of

the 9%,;12% isomer with catalpic acid in Catalpa bignonioides39,

is, however, of considerable significance and again suggests a

clear relavion between the non-conjugated polyene acids,
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hydroxydiene acids, and conjugoated triene acids.

Hydroxydienes and conjugated trienes. The general co-

-

occurrence of these two classes of acids in gseed oils from many
different plant families (although especially the Compositae) has

: 3 . 40-42
been adequately demonstrated by the research group at Peoria -
Their efforts, however, did not distinguish between the various
hydroxydiene isomers or those of the conjugated triene acids and
this remaing a problem which can only be solved by further
investigations.

Attempts have also been made to show a more specific

relationship. Hopking and Chisholm43 found a hydroxydiene and a

con jugated triene in different species of the Osteospermum genus,

and suggested this as evidence for a biogenetic relationship
between the two. They considered that although the hydroxydiene
acid in question (9-OH 10%,12%) was not likely to be the precursor
of the triene (83,103,123), the latter might arise from the 9-0OH
10%,12¢c isomer also kmown to occur in the Compositae family.

The co-existence of the 9-OH 10%,12¢ acid with the 8%,10%,12¢
triene acid was later demonstirated in Calendula officinalis seed

36

0il by Badami and Morris™ .

While the frequent co-~occurrence of hydroxydiene acids with
conjugated triene acidsg is accepied, there remain unusual

features in this relationship. Tor ingtance,; there are many

12,22

1 .
cases 124143, 44 where the 9-0I 10%,12¢ acid and its
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13-0H 9c¢,;11%t isomer occur together in the same species; yet
sources of conjugated triene acids have never been found to
contain more than one isomer in one species. lopkins and

: 38 : :
Chisholm™ ", however, have reported two triene isomers (93,113,

13t and 9¢,11t,13c) co~occurring in one genus (Momordica).

ate it 14

; 5 ; ; 11, 44
EDogz and hydroxydiene acids. Morris and co-workers 144

first demonstrated, on the bagis of TLC and GLC cvidence, the

co~occurrence of evoxyacids with hydroxydiene acids and the same

45

group also degcribed a method; using near IR spectroscopy, for
the estimation of small amounts of epoxy acids in the presence

of large amownts of hydroxydiene components. Almost simult~

4

aneougly,; Hovkins and Chisholm2 found a small amount of hydroxy-

diene acids in Tragonogon porrifolius sced oil in which they had

iy

previously found an epoxy acid. Recently the studies of Powell

12,46

et al. have shown the generality of this co-existence and,

22,46

in particular, in Xeranthemum annuum seed oil they have

reported the co-occurrence of the two possible monoevoxy acids

Trom linoleic acid along with the two related hydroxydiene acids.

3o General biological gignificance of epoxides.

=

surport for Guanstone's nromosal is to he found in a growing
awareness of the potential immortance of epoxides as biosynthetic

intermediates in other classes of natural products.
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Bpoxides might be inveolved in the biosynthesis of acetylenic
AT . wa - . "
compounds . James ', in his studies on the biosynthesis of
crepenynic acid, has considered vernolic acid as a possible
Precursors This ig in agreement with the observation of Earle
A8 ; : ; ; ; 5
and co-workers who, in their studies on Crepig oils, found a
definite inverse relationship between linoleic and the sum of
vernolic and crevenynic acid. Recently, however, Bohlma,n49
found no conversion of 'labelled' vernolic acid into crepenynic
acid.
The occurrence of polyacetylenic epoxides has been described
ke 50 . 51 5 g
by Bohlman et al. and by Jones and Stevenson’ . Porticularly

=
significant is the discovery by the last mentioned auﬁhors)l of

the co-occurrence in the Coprinus quadrifidus metabolites of a

polyacetylenic trans—~epoxy alcohol (II) with the corresponding
olefin (I) and the 1,2-diol (III). This sugrests a clome

biogenetic relationshin.

5
Hcscncscocscocxi"é’CH,CHQOI-I (1)

‘ /\
HC!C.CiC.C}C.CH.CH.CH,OH (1T
HCEC.,CEC.C§C°CH(OH)oCH(OH).,CH?OH (111)

crythro

32

In a recent review on the biogenesis of the poly-ynes of

Tribus Anthemideae, Bohlman considers the poly.cetylenic
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tetrahydropyran derivatives (V) t0 be derived from naturally

occurring epoxides (IV).

0
N
CH3.(C:C)3.CH=CH.CH.CH.(CH2)2.CH20R (1v)
CH
/X
RO .CH CH,,
t
CH3.(c:c)3.CH=CH.c§\\ CH., (V)
0
R = H,Ac

A neat picture of biogenetic relations within a class of
natural products is presented by the carotenoids. Structural

53454

determinations on ‘the pigments of red pepper have revealed
a class of carotenoids containing five~membered rings. Examples
of these include capsorubin (IX) and capsanthin (X). It is

considere that these compounds are formed biosynthetically
from zeaxanthin (VI) by pinacolic rearrangement (XI) of the
natural epoxides violaxanthin (VII) and antheraxanthin (VIII)

respectively.

| | \ﬂ/\,/ S
R VI
HO’J\\\/ A J"""““““*j>x<f’

—~OH

Py 2 -
HO//L\\///L;;—Q“ﬁﬁl:RJ Oii[;;;i) VII




~15-




i

The naturally occurring furanoid oxide, auroxanthin (XII),

55

ig alsgo believed to be derived via an epoxide as this type of

56

rearrangement is effected under mild chemical conditions” .

.;>K;\““"m“ 0\\//, _OH
JIAMAA AL

R
0

P S
>
(X11)

Recently the occurrence of five epoxy derivatives of
ubiquinone-10 (XIII) have been desoribed?’. These have the
epoxide in the isoprenoid side chain. It had been previously
demonstrated58’59 that in the related plastogquinones a series of
minor components with hydroxyl groups in the side chain co-
occurred with plastoquinone~9 (XIV). It was therefore tentatively
suggested that epoxides might be the precursors of the hydroxylated

o7

derivatives”'.

o

il
MeO\T/f'\\\z’Me

' (XIII) =n

MeO/\\\v//b\g\,/’Q§§7///\}\H

MeX. T B
/J //JI/, . (XIV) n =9
{ .
o™ \Xﬁx’/§§§r’/\?‘n
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- . . . 60
Finally; in the steroid field, Brewer and Knuppen
demonsgtrated the nresence of a steroid epoxidase in animal
tissue in their work on oestratetraenol. Hore recently the

s g
studies of Corey et a,1,61’°Z and van Tamelcen et a.lao3 have shown
that 2,3-~epoxysqualene is a key intermediate in the biosynthesis

of sterols from sqgualene.




Chapter II.

ACID~CATALYSED ISOMERISATION
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INTRODUCTION o

The rearrangement of epoxides 1o carbonyl derivatives under

the action of acidic catalysts is well known and has been the

”
. ; ; 54,6
subject of two comprehensive reviews ! 50

Recently, this
rearrangement has been applicd to fatity acid epoxides by Walens
et a1.66 who demonstrated that high yields of 9~ and 10-pxo-
stearates could bhe obtained by the reaction of boron.trifluoride
etherate on 9,10-epoxystearate in boiling dioxan. This reaction
probably occurs via the intermediate (I) which then affords the
encolic form of these ketones.

e o -~
. B.0 ' B.O

2100 "
“945 ?— —— wCz?n —— ~CO-CH2n
E H H
(1)
It was hoped that a similar reaction on methyl vernolate
(12,13~epoxyoleate) might involve the hydrogen atom of the
activated methylene group at C(1l) and furnish the allylic

aloohol derivative (methyl coriolate) via intermediate (II).

-+

rB.0 H

A" I c t S
-G ~ ¢ - C ~ CH=CH~ ~—=—3 -CH(OH)-CH=CH~CH=CH~
I 9 13 9
H H H
(I1)
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Sevarsl acid~catalysed reactions of epoxides have becn
reported in the literature in which allylic alcohols have been
obtained.

Byers and Hickinbottom67founa.that the action of acid on
1s2—-epoxy—2 s4:d~trimethylpentane (III) gave, in addition to the
expected diol; two unsaturated alcohols: 4:4-dimethyl-2--

(hydroxymethyl)vent~l-ene (IV) and 2:4:4~trimethylpent—2--en~
1~-01 (V).

o-
£\
Cle 5 < CH, - CMe . CH,, (11I1)
CMe3.CH2,?xCH2 (zv)
CH,,0H
Cle , - CH :Cle + CH,,OH (V)

»
Similarly, Cope and co~workers°8 obtained products including

an allylic alecohol (VI) from the reaction of formic acid with

cis cyclo—octene oxide (VII).

(vi) (VII)

In addition, in their studies on the rearrangement of
. o . L _ . 69
epoxysteroids with boron trifluoride, Henbest and Wrigley

obtained steroids containing a conjugated dicne grouping which
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they considered to arise by dehydration of an intormediate
allylic alcohol.

Dtudies were commenced on the reaction between methyl
vernolate and boron trifluoride under the conditions used by
Walens et aloSG in an attempt to convert it to methyl coriolatesy
the posesibility of further dehydration to the conjugated

triene(s) was also realised.




. .

DISCUSTON.

T

Methyl vernolate was isolated from Vernonia anthelmintica

seed o0il and adjudged pure by TLC and GLC.

Lo Isomerisation of methyl vernolate with boron trifluoride

etherate in refluxing dioxan.

Methyl vernolate was refluxed for three hours in anhydrous
dioxan with three equivalents of boron trifluoride. GLC of the
isolated reaction producis indicated the complete disappearance of

the epoxy ester with formation of several new components (Table 5).

Table 5.

C.No (DEGS) % Area CoNo (ApL) % Area
24..8 13 18.8 15
25.3 69 19.1 65
26.8 18 19.9 20

yoteg.

a) Under these conditions methyl vernolate had carbon
numbers of 24.6 and 19.1.

b) In addition to the three peaks given above a series of
peaks ranging from carbon number 20-24 appeared as a rather

wavy basgeline on the DEGS column. These were discounted

in the above table.
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TLC analysis showed four reasonably distinct fractions (A,
B, C and D, in order of decreasing Rf value) which corresponded
approximately in polarity to 'non-—oxygenated' esters (A), ‘oxo®
esters (B), 'mono-hydroxy' esters (C) and 'di-hydroxy® esters (D).
The infra red spectrum; in addition to the usual ester features,
indicated hydroxyl and oxo groups and a trace of trons unsat-
uration. The ultra violet spectrum showed conjugated triene
absorption and absorption at )\max 225mﬁ. The reaction product
wag separated by silica gel column chromatography into four
fractions, A (10%), B (70%), ¢ (10%) and D (10%), in ‘the prop~
ortions indicated. Examination of these fractions by TLC
indicated C and D to be fairly complex, possibly containing
polymeric material.

Bach fraction was analysed in greater detail.

1.1 Fraction D.

This fracition,; as mentioned above, contained several
components, one of which was characterised as methyl 12,13-
dihydroxyoleate by its IR spectrum and by von Rudloff oxidation
before and after hydrogenation. Walecns et a1.66 had previously
demonstrated the presence of some 9,10-dihydroxystearate in
their isomerisation of methyl 9,10-epoxystearate. No furthexr

work wag carried out on this fracition.




1.2 Eggption A,

The infra red spectrum indicated complex oig,trans and

70

trans,trans conjugation and the ultra violet spectrum showed

con jugated diene and con jugated triene chromophores. von Rudloff
oxidation of the fraction indicated unsaturation beginning both
at C(8) and at C(9), and hydrogenation gave methyl stearate.

GLC analysis of the fraction showed two distinct groups of

peaks of approximately equal area (Table 6)4

Table 6.
C.No (DEGS) C.No (ApL) % Area
20.8 18.0
21.2 18.3 50
21.7 18.5
23.2 19.2
237 } 19.5 ‘}' 20

The last group corresponded in carbon number to methyl
d-eleostearate (23.3, 23.7, DEGS; 19.2, 19.5, ApL) and the
first group may be conjugated diene esters with an isolated
double bond.

The fraction was partially separated by prep. Ag+/TLC.

An attempt to identify a conjugated diene ester subfraction by
partial reduction with hydrazine7l failed both due to the

complexity of products and to lack of material.
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1.3 Iraction C.

Investigations on this fraction are discussed in detail on

page 28.

1.4 Fraction B.

It was expected that this fraction would show essentially
one peak on GLC correspmonding to the 12(13)-~oxo-oleates

(cf. Walens et al,66)° Instead, GLC showed three components

(Table 7).
Table 7.
C.No (DEGS) % Area CoNo (ApL)  fArea
Bl 24.8 13 18.8 3.5
B2 25.3 69 1941 65
B3 26,98 18 19.9 20

After hydrogenation
24.9 100 18.8 18
19.4 82

The infra red spectrum indicated oxo (l?lOomnl), con jugated
oxo (1670, 1685cm"1) and trans-unsaturation (9700m—1), and the
ultra violet spectrum showed a conjugated oxo absorption at

A max ZZSTH, Catalytic hydrogenation yielded a component




—25-~

corresponding to a methyl oxostearate (24.9, DEGS; 19.4, ApL)*
together with, apparently, the unchanged component Bl (Pable 7,
e 24 ) Reduction with sodium borohydride to a mixture of
hydroxy esters confirmed the presence of an oxo groupe.

T'raction B was initially separated into concentrates of the
three components by a combination of prep. Ag+/TLC and direct TLC.
(See Separation Scheme 1, v. 57.)

Component B3.

This component was characterised as methyl l2-oxo-octadec-

trang-~l0-enoate on the following evidences

AT AL Al Ve

(i) The ultra violet spectrum showed a strong absorption at

1%
lcm

A max 225m’~1 (B

480) indicative of an cif&wunsaturated ketone72,
and the infra red spectrum indicated irans-unsaturation (970cmnl)
and a conjugated oxo group (1670, 1685c:m'—l)°

(ii) Catalytic hydrogenation yielded an oxostearate (24.9, DEGS;

19.4, ApL) which wag oxidised by chromic acid to the C..- and

L

012~ dibagsic acids, This shows the presence of an oxo group

on C(12).
(iidi) von Rudloff oxidation of the original ester gave the
ClO" dibasic acid.

As chs-unsaturated ketones have been shown to isomerise

* 1In parentheses, numbers used with DEGS or ApL should be

asgsumed to be carbon numbers unless otherwise stated.
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readily to the conjugated form under hot acidic conditions
it seemed possible that this component arose from the isomeris-—
ation of the methyl 12--oxo-oleate formed during the reaction.

It was shown that an auwthentic sample of this last ester was
partially isomerised (30%) to the conjugated trans isomer when
heated with boron trifluoride in dioxan.

When the original reaction on methyl vernolate was carried
out at room temperature with only one equivalent of boron
trifluoride,; the conjugated component, B3, was not formed.

Except for the absence of B3 this milder technigue yielded ma jor
products qualitatively similar to those obtained from the initial
igomerisation and subseguent identifications were carried out on
compounds isolated from ‘this milder isomerisation. I+t was hoped
that without the trans isomer, B3, the other 'B' components would

be more readily separated.

2. Isomerisation of methyl vernolate with boron trifluoride

etherate in dioxan at room itemperature.

Methyl vernolate in anhydrous dioxan was allowed to react
overnight at room temperature with one equivalent of boron
trifluoride. GLC analysis of the isolated reaction product
indicated the complete disappearance of the epoxy ester with the

formation of new components (Table 8, p. 27).
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Table 8.

C.No (DEGS) % Area
22,3 0.5
22,7 0.5
23,2 4.0
23.9 3.0
24..8 8.0
25.3 80.0
26.0 4.0

(Methyl vernolate had a C.No of 24.6)

The four fractiong, A (2%), B (84%), C (9%) and D (5%), were
isolated in the proportions shown by column chromatography.
TLC of these fractions again indicated Fractions C and D to be
fairly complex. Fraction D was presumed to be similar to that
obtained in the earlier experiment (p. 21) and was not

re—examined further.

g;i Fraction A.

GLC analysis indicated two groups of peaks (Table 9, po 28).
This fraction was qualitatively similar to that described

previously (p. 23) and was not investigated further.
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Tehlo 9.

C.No (DEGS) C.No (ApL) % Area
20.8 18.0
21.3 18.4 30
21,7 18.8
23.2 16.2 }
23.6 } 19.5 L

262 Fraction Co

TLC indicated this fraction to be fairly complex but it did
show two major components running with Rf values slightly less
than chlorohydrin esters prepared from epoxyoleate. GLC analysis
on a polar column gave two peaks of high carbon number (27.6,
27.9)3 on a non-polar phase, only broad ‘humps' were observed
indicative of polar hydroxy compounds. The ultra violet spectrum
showed no significant absorption but the infra red spectrum, in
addition to the usual ester features, indicated hydroxyl
(359Ocm_1)7 and an absorption at 10700m—1, possibly due to C-F
stretching74.

When PFraction C was submitted to the original vigorous
reaction conditions (3 moles of boroa trifluoride in refluxing
dioxan) it furnished products qualitatively similar to those

obtained from epoxyoleate (p. 21). It was tentatively con-

cluded from this evidence that part of IFraction C comprised




—~29~

fluorohydrin esters.

oH(F)
|

CH3.(CH2)4°CHOCH°CH °oHsCH,(CH2)7,co e

2 2

F(OH)
A precedent for this type of behaviour can be drawn from the

15

work of House who observed that treatment of the oxide (I)

with a limited amount of boron trifluoride (& molar equiv) in
ether led to fluorohydrin (II). Turther treatment of the latter
with an excess of boron trifluoride in ether then produced the
dicarbonyl compound (III) which was also obtained directly from

reaction of the original epoxide with an excess of boron

trifluoride.

2N
06H5nco,0H.CH.c6H5 C6H5°COoCH(OH)°CH(F)006H5 06H5,co,co.CH2,06H5
(1) (11) (111)

The presence of cyclised components in this fraction was also
considered. Goldsmith76 has shown that geraniolene monoepoxide

(IV) is isomerised in benzene solution to the products (V), (VI)

and (VII).
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Epoxyoleate (VIII) might similarly rearrange to the cyclopent-

enol ester (IX).

Sl HO

"

' 0
13 9 ~

(virz) CER)

When Iraction C was hydrogenated and then oxidised it
yielded an oxo ester with different GLC behaviour (24.5, DEGS)
from authentic l2-oxostearate (24.9, DEGS). The infra red
spectrum of this oxo ester showed carbonyl absorpiion (1720om—l)
at a glightly higher frequency than that of an oxostearate
(1710~1715om—1) but lower than that expected of a five-membered
1)77.

ring ketone (1740cm_ Removal of the oxo function by

78

reduction of its tosylhydrazone yielded a component identical
in GLC behaviour to methyl stearate. Chromic acid oxidation of
this desoxo ester gave no useful information.

Fraction C was assumed to contain fluorohydrin esters and

wag not characterised further.

263 Fraction B.

GLC analysis (Table 10, p. 31) gave a similar pattern to
that obtained from the total reaction product. No absorption
was observed in the ultra violet, and the infra red spectrum was

similar to that of an authentic sample of methyl 12-oxo-octadec-—
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9-enoate. The major component B2 (81%) had similar carbon

numbers on polar and non-polar phases (25.3, 19.1) to 1l2-oxo~oleate.

Table 10.

C.No (DEGS) % Area
22.3 0.5
2247 0.5
23.2 4.0
24.8 8.0
253 81.0
26 .0% 640

* This component varied in amount in different GLC analyses
of the same sample.

Attempted separation of Fraction B by Ag'/TLC.

Considerable difficulty was experienced for some time with
this separation until eventually it was realised that autoxidation
of one component (methyl 1l2-oxo-octadec-9-enoate) was occurring
on the plate.

These problems are discussed in the following pages (pp. 31—
35) and the main discussion on the identity of the components of
Fraction B is resumed on page 35.

A typical prep. Ag*/TLC separation gave the results shown in

Table 11 (p. 32) (see Separation Scheme 2, p. 58).
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Table 11,

A 2 TRl # A

Fraction % Weight C.No (DEGS) CJNo (ApL) % Area.

22.7 18.6 4

Bl 8 24.8 18.8
96

25.6 19.2
22.3 18,5 9
23.2 19.5 51
mis 1 24.8 18.8 12
25.3 19.2 28
B2 72 2543 19.0 100
B2a 10 - - =
B4 3 = = -

Notes.

a) The components are in order of decreasing Rf value and
are designated Bl, Bla,...etc. to retain the original
nomenclature for the components.

b) The major fraction, B2, occasionally seemed to comprise
two components, however this was exitracted initially as one
fraction.

o) Fractions B2a and B4 were not eluted under the GLC

conditions used.

Attempts to identify B2.
Re-chromatography of this major fraction by prep. Ag+/TLC
gave two components of approximately equal wecights Both had the

same carbon number on GLC (25.3, DEGS; 19.0, ApL) although it
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was noted that considerably more of the lower band had to be
injected to give a peak of similar area to that obtained from
the upper band. This suggested that a minor component only was
being observed.

Two possible reasons for this separation were considered:
(i) Separation of cis and trans isomers. If this were the
case the trans isomer would probably be the upper band and the
cis isomer the lower band. Infra red evidence, however, was not
consistent with this view. The lower band only, showed a small
trans absorption (9700m"1) and in both its infra red (1685om“1)
and ultra violet gpectra ()\max 225mﬂ) a conjugated oxo group
was indicated.
(ii) Separation of 12~ and 13- oxo-oleates. As Fraction B2
wag presumably a mixture of the 12~ and 13- oxo-oleates (GLC and
IR) it was possible that a separation of positional isomers was
ocourring. An attempt to check this idea by determination of the
position of the oxo group in each band was unsuccessful because in
each case hydrogenation gave a considerable amount (> 40%) of
unexpected by-products in addition to the expected oxostearates.

These results suggested that one or more components were
undergoing change during separation.

Appropriate experiments then showed that Fraction B was
unchanged by chromatography on thin layers of silica and continued

to run as a single spot, but that in the presence of silver ions
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five fractions were obtained (Table 11, p. 32), some of which no
longer gave a single spot on silica layers.

This may be due to a silver ion-catalysed autoxidation of
methyl l2-oxo-octadec-9-enoate which is known to be readily
autoxidised79’8o.

The five fractions from the Ag+/TLC separation were run on a
gilica plate. When this was sprayed with a solution of potassium
iodide,; Fractions B2, B2a and B4 esch showed dark brown spots
indicative of hydroperoxides8l. The hydroperoxide fractions
were not studied further bul if auvtoxidation follows the seguence
set out below, the final product, (X), being an cLﬁifﬁgggg—enone,
would account for the infra red and ultra violet spectra (p. 33).

C ]
~CO0 «CH, JCH:CH~ ————3  ~C0.CH.CH:CH~
- L

t tl

~C0 +CH s CH .(IJH- SO— ~C0 .CH 3CH ,CH-~
L ]
00H

(X)
During hydrogenation (X) might cyclise to esters having a furan
ring and thereby account for the unusual hydrogenation products.
To check this, samples of methyl l2-oxo-octadec-9-enoate and
9~oxo-octadec~l2~enoate were prepared and chromatographed by

Ag+/TLC. When re-examined on silica layers, the 12-oxo compound,
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but not the 9-oxo ester*, showed polar impurities revealed as

brown spots when sprayed with potassium iodide solution.

Main discussion continued.

Component B2,

It was thus clear that the Ag+/TLC technique was not
approoriate for the separation of Component B2 from IFraction B
and the former wag therefore identified using the whole IFraction Be.
It proved to be a mixture of methyl 12-oxo (70%) and methyl
13-oxo-oleates (30%). No significant absorption was observed
in the ultra violet spectrum and the infra red spectrum was
identical to that of authentic l2-oxo-oleate. von Rudloff
oxidation gave only the 09« dibasic acid, apart from unchanged
Bl and the component of carbon number 22.7. Hydrogenation gave
methyl oxostearates; again accompanied by the same unchanged
components. Chromic acid oxidation of the hydrogenated esters
117 012~ and C

smaller amounts of 07~, 08~ and C,- dibasic acids now known to

9
arise from Bl), placing oxo groups at C(12) and G(13). To

yielded the C 13~ dibasic acids, (along with

determine the relative proportions of the 12~ and 13- oxo isomers,

* This ester was chosen as being analogous to methyl 13-oxo-
octadec— 9-enoate since both have two methylene groups

between the double bond and the oxo function.
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the hydrogenated oxo esters were converted to oximes; rearranged
to amides, and hydrolysed to various products including the Cl2~

and 013— dibasic acidsez. The relative areas of the 012_ and
013— dibasic esters, as determined by GLC, gave the ratio of the
0Xx0 isomers. (Fraction Bl was later shown to give no significant

peaks when submitted to this rearrangement.)

Component Bl

Having discovered that Bl was unchanged after von Rudloff
oxidation and hydrogenation, it was separated from B2 by reaction
with methanolic mercuric acetate as described by Cocker et al.83.
The unreacted material was isolated by prep. TLC and whenever GLC
indicated adduct formation to be incomplete, the saturated
components were purified by Ag+/TLC which has no deleterious
effect on this component.

GLC showed Bl to be a mixture of two compounds which we
could not separate by any other technique. These proved to be
the cis and trans isomers of the oxocyclopropane ester (XI) on
the following evidences

CH

e

CH, .(0112)4.(:0 -CH,, °<31&L,01+1°(01{2)7 +CO,Me (x1)

Chromatographic behaviour. On TLC and Ag+/TLC, component Bl

behaved like saturated oxo or cpoxy esters. GLC indicated two

components in relative amounts 80:20 on both polar (24.8, 25.6,
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DEGS) and non-polar (18.8, 19.2, ApL) phases respectively.

Spectroscopic evidence. No absorption was observed in the

ultra violet and the infra red spectrum showed absorpiion at

17300m™* (ester carbonyl), :L'?lOcmml (oxo0), and bands at 1020em ™

and 3O5Ocm»l indicative of a cyclopropane unit84. The NMR
spectrum also indicated the presence of a cyclopropane group with
complex absorption in the region 9.5-10.37T. The greater
intensity of absorption below 10.0 T indicated predominantly a

85,86

trang cyclopropane configuration This suggested that the
two constituents observed by GLC could be the cis and trans
cyclopropane isomers with the major constituent (24.8, DEGS;
18.8, ApL) having the trans configuration. The absence of
olefinic protons wag confirmed by the NMR spectrum.

The mass spectra of the two compounds, after separation by
GLC, were identical, further confirming their isomeric nature.
Both showed a molecular ion peak at m/e 310. Peaks corresponding
to ol.-~cleavage (m/e 99, 239 and 207 (239 - 32) ) and B ~cleavage
(m/e 114, 254 and 222 (254 - 32) ) %o the oxo group placed the
latter at 0(13)87. The mass spectra at this stage* gave no

88-90

indication as to the cyclopropane ring position .

Chemical methods. Bl appeared to be saturated since it was

* The significance of two relatively intense peaks at m/e 127

and 139 will be discussed later (p.44 ).
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unchanged by von Rudloff oxidation and by catalytic hydrogenation.
Sodium bhorohydride reduction vielded a nair of compounds bhehaving
like hydroxy esters on TLC and GLC (25.7, 26.4, DEGS). Chromic
acid oxidation gave the 07—, 08— and C9~ dibasic acids and the

05~ and. C6~ monobasgic acids as the only major fragmentation

products.
Removal of the carbonyl group by reduction of its tosyl-

78

hydrazone gave an ester of infra red svectrum identical with
that of a methyl 9,10-methylene—octadecanocate (kindly supplied by
Dr. W.W. Christie). The desoxo cster behaved like a mixture of
frans and cig methyl methyleneheptadecanoates on GL089 with

carbon numbers of 18.0 and 18.6 (DEGS) and 17.4 and 17.8 (ApL).

Possible siructure of cyclopropanc esters.

In view of the evidence at this stage and of the possible

rearrangement of homoallylic cations to cyclopropane deriv-—

ativesgl"93, it was considered that Bl was the oxocyclopropane

ester (XII) arising by the mechanisms

CH2

/
CH3.(CH2)4.00,CH,CH,(CH2)8,602Me (X11)

CH CH CH

A AN A

J CH CH CH e CH
QMH i{ ) FQQ&! t:ﬂﬁ 0=L LH
13\ 9 3TN 7 13\ /9 2

(X11I)




w30

The homoallyl cation (XIII) rearranges to a cyclopropane and
the new carbonium ion centre at G(9) is 'satisfied' by a 1-5
hydride shift from C(l3)o The driving force for this reaction
is presumably provided by oxo formation at 0(13) leading to the
stable conjugated oxocyclopropane groun.

Roberts et a1,94 have recently shown that pyrolysis of such
an oxocyclopropane derivative gives a Xégmunsaturated ketone and
it therefore seemed possible that, by a reversal of this process,
the l1l3-oxo-octadec-9-enoate could give, via its enol (XIV), the

oxocyclopropane ester (XII),

-

OB ' 0
Ny 4
) |
HC f,CH G seausaan O]
%

CH2 5
(X1v) (XII)

This idea was not pursued when it was shown that methyl 9-oxo-
octadec~l12-enoate was unchanged after treatment with boron
trifluoride in refluxing dioxan.

To confirm the postulated oxocyclopropane structure (XII)
this substance was synthesised by reaction of the diazoketone
(XV) and methyl undecylenate (XVI) following the procedure

described by Lefort et al95.




CH3.(CH2)4,CO,CHN

—40~

2
(xv)

CH2

CH2=CHo(CH2)8oCOQMe

(XvI)

CH3°(CH2)4°CO°CH.CHe(CH2)80002Me

(X11)

The product,; isolated by prep. TLC, was found to differ from

Bl both spectroscopically and chromatographically (Table 12).

IR

NMR

GLC

{

_':‘[_‘g:}’)_le 12 °

B1
1710cm"1 (oxo0)
1730c>m“l (ester)

1020cm_l}
30500m-1, (eyclopropane)

9.8-10.3T

24.8, 25.6 (DEGS)
18.8, 19.2 (ApL)

Synthetic oxocyclopropane
1685om_1 (ox0)
3_7300m“1 (ester)

10300m"l
30700m~L | (eyclopropane)

9.5% (small)

25.2 (DEGS)
19.1 (ApL)

The difference between the properties of these two esters

suggested that whilst the synthetic compound had a conjugated

cyclopropane ring and oxo group, in Bl these two functions were

not conjugated.

When this conjugation was removed from the

synthetic ester (XII), by reduction with sodium borohydride,

the resulting hydroxy derivative exhibited spectral properties
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more like those of Bl.

An important clue to the position of the cyclopropane ring
in Bl was obtained by observing that chromic acid oxidation of
the synthetic ester (XII) gave Cg-, Cy~ and C,o~ dibasic acids
whilst Bl gave C7~7 C8~ and 09« dibasic acidso.

It was shown that cyclopropane esters (kindly supplied by
Dr. WW. Christie) consistently furnished three dibasic acids
and three monobasic acids when oxidised (Table 13)., The di~-

bagic acids are in the approximate ratio 60:25:15, longest to

shortest.

Table 13.
CH,,
CH, °(CHZ)m -CH ,CH ,(oﬂz)n,cozhae
€0, ,A00H
BF, ,MeOH
~ ~
CH, .(CHZ)P -CO . Me Me0 ,C .,(CH2)r «C0 e
P =m; m-1 and m-2 r = n, n-1 and n-2

Heveral methode?? 22 Por deterulnation of e position of
the cyclopropane ring in aliphatic esters have been described,
but this oxidation procedure, followed by GLC examination of the
acidic fragments, has the advantage of simplicity and speed of

determination and does not require a mass spectrometer.
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Shortly after this work was completed, Prome and Asselineau

described the chromic acid oxidation of aliphatic hydrocarbons
such as (XVII) containing cyclopropane rings.

CH,

CHBo(CH °CH°CH.(CH2)7°CH (XvII)

2)7 3

They obtained as their major oxidation product the 9,10-methylene
octadecan—8-one (XVIII). (Promego later used the mass spectrum
of this major oxidation product (XVIII) for determination of the
ring position.)

CH

2

CH3.(CH2)7,CH°CH°CO.(CH2)6aCH (XVIII)

3
They also reported, however, as principal products of secondary

oxidation the C,-, Cg~ and C,— monobasic acids (3%, 5% and 12%

T ? 9

respectively).

Thus, while it appears that the acidic fragments observed by
us are only secondary oxidation fragments, the procedure is still
considered to be valuable.

Fraction Bl after ‘de-ketonation' and chromic acid oxidation

gave C7~, Cg~ and ng dibasic acids (18%, 25% and 57% respectively)

and 06—, 07— and C8— monobasgic acids. These facts indicated the

revised structure (XI) for Bl.
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CH2

aCHoCHo(CI-Iz),?.CO Me (X1)

2

CHB.(CH2)4..CO,CH 5

Synthesis of a compound of this structure was not convenient
but its homologue was readily prepared from methyl ricinoleate

(XIX) in both cig (XX) and mixed cis,trans (XXI) forms.

c NaN02 Cy%
(XIX) ~CH(0H) «CH, JCH:CH= ——™ -CI(OH) -CH,, «CH :CH~
12 l, 9 BNO,
° Sk
~CO «CH,, «CH ¢ CH~ ~CO «CH,, «CH ¢ CH~
l CH icn
g 2
/' \
~CO +CH,, - CH «CH-- —C0 «CH,, «CH -CH~
2 2
g St
(Xx) (XXI)

The cig homologue was prepared by oxidation of ricinoleate
to the 12-~oxo esterlOl followed by conversion to the oxocyclo-~
propane ester (XX) by reaction with methylene iodide and ginc-
copper ooup1e89. The cis,trans homologues (XXI) were prepared
similarly after stereomutation of methyl ricinoleate to a mixture
of cig and irans isomersloz.

The synthetic cisg,trans homologues had NMR and IR spectro-

scopic properties identical with Bl and carbon numbers expected

of its homologues (Table 14, p. 44). The cis homologue also
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exhibited the expected spectrosconic and chromatographic prop-
erties, Its GLC behaviour confirmed the earlier predictions
(p. 37) regarding the stereochcmical nature of the two compounds

observed in Bl.

Table 14.

Bl cig,trans homologues cis homologue
DIGS  Apl DEGS  Apl DEGS  ApL
2498 1808 25-8 19.8 i =y
25.6 19.2 26.6 20.2 26.6 20.2

The mass spectra of the synthetic compounds were identical,
both showing a molecular ion peak at m/e 324. The expected
peaks corresponding to cL—cleavage (m/e 113, 239 and 207 (239 ~
32) ) amd.ﬁ3~cleavage (m/e 128, 254 and 222 (254 -~ 32) ) to the
0X0 group were also apparent. In addition, two relatively
intense peaks were observed at m/e 141 and 153 which may be
compared with thosc of m/e 127 and 139 observed with Bl (pe 37).

These can be rationalised as shown in the scheme below

153
/\ ]
CH30(CH2)5.COoCH¢GH~CH~ ——d CH3.(CH -CO +CH 2CH .CH,, < CH ;-

CH 141
(cH,) & > (CH,) \I
CH, «(CH .CO.CH o CH~-CH o CI{~ 7 CH., .(CH .CO.CH,.CH, :CH, -CH ¢CH~
2
3 5 A\:::?% 3 275 2 2 2
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Collapse of the cyclopropane ring with transfer of a hydrogen
atom is followed by allylic clecavage to tho newly formed double
bond.

Finally, these homologues gave thc cexpected dibasic acids
(07, 08 and 09) on chromic acid oxidation and their ‘de-~ketonated?®
derivatives gave the expected dibasic (07, 08 and 09) and
monobasic acids (C77 C8 and 09).

Component Bla (from prep. Ag+/TLC scparation of Fraction B).

GLC analygis on polar and non-polar columms gave the results

tabulated in Table 15.

C.No (DEGS) C:No (ApL) % Area
22.3 18.5 9
2348 19.5 51
24.8 13.8 12
25.3 }

19.1 28

25 .6 -

By a rather laborious technigque involving separation of
small amounts on silica plates using double-development, this
fraction was further separated into three sub~fractionss S1 47%,
S2 40% and S3 13% in order of decreasing Rf value.

Band S1l. GLC analysis indicated this band to comprisc two

= e ga;

components of carbon numbers 22.3, 23.2 (DEGS) and 18.5, 19.5
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(ApL). The infra red spootrum indicated no carbonyl (other than
the ester carbonyl at 17300m~1) and no irans-unsaturation but
showed absorption at 10550m*1 and 12150mm1, indicative of an

. 103 L . . &
ether linkage o Goldsmith hags reported cyclic ether form~
ation by the reaction of geraniolene monoepoxide with boron
trifluoride (see p. 29), and it is tempting to suggest that these

ether—-containing csters are of the form shown below. Thege

compounds were not identified further bocause of lack of material.
N ,/’///? /IT::;:>]
1) o

m————_

o

P . /L\\ N

N \J N,
B i

Band 52. GLC analysis indicated this to be predominantly
the component of carbon number 25.3 (DEGS) and 19.1 (ApL). These
carbon numbers correspond closely with authentic oxo-oleate.
Hydrogenation gave the expected oxostearate (24.9, DEGS; 19.4,

ApL). The infra red spectrum was similar to that of authentic

oxo-oleate but indicated trans-unsaturation (9700m—1). von
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Rudloff oxidation indicated a C9~ dibasic acid and a fragment of
carbon numbers 15.2 and 10.3 (DEGS and ApL), expected of a 4—oxo-~
nonanoate.

Thece facts are consistent with a structure of methyl l3-oxo-
octadec~trang~9~enoate.

Band S53. Although separable from Bl on TLC,; both GLC and

infra red evidence indicated this fraction as being identical to

Bl. The nature of this fraction is discussed later (p. 54).

3 Isomerisation of methyl vernolate with boron trifluoride

in benzene solution.

In accordance with several reports75’76’lo4 that isomeris-—
ation gave different products in polar and non-polar solvents
the reaction between methyl vernolate and boron trifluoride was
examined in benzene solution. As with the isomerisations in
dioxan it was proposed to study the reaction at room temperature
and at the boiling point of the solvent. Under vigorous
conditions (3 equivalents boron trifluoride in refluxing benzene)
a large amount of polymeric material (TLC) was obtained. This
procedure was therefore abandoned and studies were concentrated
on the milder conditions.

Methyl vernolate was allowed to react at room temperature for

thirty minutes with one equivalent of boron 4rifluoride. GLC of




sdiBie

the isolated products indicated three major components of similar
carbon numbers to those obtained in dioxan, but gquantitatively

different (Table 16).

Table 16,

e o iy

C.No (DEGS) % Area
benzene dioxan
22,3 - 0.5
28.9 - 0.5
23.2 3.0 4.0
237 50 -
23.9 - 3.0
24.8 24..0 8.0
25.3 42.0 80.0
25.6 26,0 -
26 .0 - 4.0

TLC analysis showed the usual four fractions which were
separated by column chromatography to give A (6%), B (65%),
¢ (19%) and D (10%).

Fractions C and D were shown by IR and TLC to be similar to

those obtained with dioxan and were not examined further.

3.1 Fraction A.

GLC analysis gave the results shown in Table 17 (p. 49).

These results were unusual in that the major peaks on DEGS (23.2,

.
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23.7) suggested conjugated triene esters as the main constituents,
yet on the non-polar colwmn the main constituents were observed
at carbon numbers considerably lower (18.4, 18.8) than those

expected for conjugated tricne esters (19.2, 19.5).

Table 17.

C.No (DEGS) % Area C.No (ApL) f Area
20.8 18.0 9
21.2 ‘} ? 18.4 31
2Y4't 6 18.8 32
23.2 37 19.2 13
23.7 48 19.5 15

Combination of the results from both columns gave the

following approximate composition for Fraction A (Table 18).

Table 18.
Possible component C.No (DBGS) C.No (ApL) % Area
Conjugated diene with 21.2 18.0 } :
isolated double bond 217 18.4 15
23.2 19.2

Conjugated triene 03,7 19.5 28
23.2 18.4 }

Unknown 03,7 18.8 o7
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The ultra violet spectrum showed absorption at )\max 230mp
(Ei%ﬁ 615), possibly indicative of conjugated diene (ca. 50%), and
at A max 267mr‘(Ei§m 385) indicative of conjugated triecne (ca. 20%).
The infra red spectrum, in addition to the usual ester features,
indicated complex cis,trans configurations with absorption at
942, 958, 980 and 990cm .

Prep. Ag+/TLC separation gave two fractions of equal weight,

Al (the upper band) and A2, GLC analysis of these fractions gave

the results in Table 19,

Table 19.
C.No (DEGS) C:No (ApL)

Al % Arca A2 % Area Al % Area A2 % Area
210 4 20.8 5 18.0 4 18.0 -
21.3 5 o 8 18.4 3 18.4 64
23.2 . 23.2 67 18.8 80 18.8 16
23,7 84 23.7 20 19,2 4 19.2 11

19.6 9 19.6 9

Again, combination of the results from the two phases

indicated the approximate compositionss

Possible component % Area Al % Area A2 Calculated A%
Conjugated diene 9 13 11
Conjugated triene 13 20 17
Unknown 78 67 72

* Caloulated A = (Al+A2)/2
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The infra red spectra suggested that both fractions still
poseessed complex cig,trans configurationy Al gave absorption at
958, 981 and 9890m~1 and A2 at 942, 958 and 98Ocm“1. In both
cases conjugated diene and triene chromophores were observed in the
ultra violet spectrum with the former being predominant.

von Nudloff oxidation of Al and A2 gave in both cases 08"
and C9~ dibasic acids and an unidentified component of carbon
number 21.0, on a polar colum. No monobasic fractions were
observed.

Attempts to separate Al and A2 further failed. After
treatment with maleic anhydride Fraction A yielded an wnreacted
component with UV, IR and GLC behaviour similar to A2. This
result is in accordance with a c¢is,trans separation on Ag+/TLC.

These results also suggest that the major unknown components

possessed a cig,trans (23.3, DEGS; 18.4, ApL) and trans,trans

105

(23.7, DEGS3 18.8, ApL) configuration. Mikolajczak et al.
have recently demonstrated that an ester vossessing 'en-allene’
conjugation underwent cyclisation under GLC conditions. While
there is no evidence that the unknown components are ‘en-allenes?,
it is conceivable that they might be polyene esters of such
configuration as to undergo a cyclisation readily under GLC
conditions. Such an alteration on GLC might also explain why

A (calculated) is different from Fraction A.

No preparative GLC facilities were available at the time for
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further study of these fractions and no further work was carried

oute

3.2 Fraction B.

GLC analysis gave the same qualitative picture as obtained
from the dioxan reaction but quantitatively the results were
differents: more of the oxocyclopropane ester was formed. In
addition, only traces of the peaks (22.3, 23.2, DEGS) formerly

designated as ether-containing esters (p. 46) were apparent

(Table 20).

Table 20.

C.No (DEGS) % Area C.No (ApL) % Area *
24.8 26 18.8 -
25.3 45 19.1 -
25.6 29 19.2 -

* %.Areas were not readily calculated on this phase because

of the poor separation of the peaks of carbon number 19.1
and 19.2.

The ultra violet spectrum contained no absorption band but
the infra red spectrum now showed the presence of a cyclopropane
group (1020, 3050cm~l) and some trang-unsaturation (965cm"l)

The NMR spectrum also indicated both cis and transg cyclopropane

rings.
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Catalytic hydrogenation followed by GLC analysis gave the
expected products, unchanged oxocyclopropane esters and an oxo-—
stearate. Chromic acid oxidation of the hydrogenated products
~ dibasic acids (from the oxo~

gave the expected C C8~ and C

/i 9
cyclopropane ester) and, unexpectedly, only 012~ and 013~ dibasic
acids. These last two dibasic acids indicate the presence of a
13~oxo ester only. Thig was confirmed by the oximation -
rearrangement procedure described earlier (p. 36) when only the
C,y= and the 09- dibasic acid (90% and 10%) were observed.

It was noted in the C7-~7 08* and 09— dibasic acids arising
from chromic acid oxidation that the 08" dibasic acid was the
major component. 'rom a l3-oxocyclopropane ester only, it was
expected that the dibasic acids would be formed in the order
C9>>083>C7 (ca. 60:25:15), This, taken in conjunction with the
09- dibasic acid obtained in the oximation-rearrangement procedure,
could indicate an oxo groun a2t G(9). The implications of these

observations are discussed later (p. 54).

Further separation of B. Having ascertained that none of

the 12~oxo-oleate was present in this fraction, it (Fraction B)
wasg separated by prep. Ag+/TLC into threc closely separated bands s
Bl (40%), Bla (24%) and B2 (36%). (See Separation Scheme 3, p. 58)

Component Bl.

This was identified spectroscopically and chromatographically

as the cis (50%) and trans (50%) isomers of the l3-oxocyclopropane
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ester. Chromic acid oxidation yielded the three expected dibasic
acids in the proportions 09> C8> C7o

Component B2.

The band was identified as the methyl 1l3-oxo~octadec-cig-9-
enoate by the usuval spectroscopic, chromatographic and degradative
studiese.

Component Bla.

This band compared in composition with the band Bla isolated
from the dioxan isomerisation (p. 45), containing peaks corres~
ponding to oxocyclopropane esters (24.8, 25.6, DEGS) and oxo--
oleate (25.3, DEGS). No ‘tether'® esters were apparent in this
case. The relative amounts, determined by GLC were 24.8 (34%),
25.3 (48%) and 25.6 (18%).

The infra red spectrum, in addition to the expected oxocyclo-
propane absorptions, showed trans-unsaturation (965cm_l).
Hydrogenation gave unchanged oxocyclopropane and an oxostearate.
von Rudloff oxidation yielded C9~ dibasic acid, 4-oxo—nonanoic
acid and unchanged oxocyclopropane compounds.

From this evidence ‘the compound of carbon number 25.3 was
identified as the methyl 13~oxo-octadec—trans~9-enoate.

Compounds of carbon numbers 24.8 and 25.6. These compounds

had GLC and spectroscopic properties identical with the 13-oxo~
cyclopropane esters in Bl and it was tempting to suggest they

arose from contamination of Bla with Bl. However, the TLC
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separation, although small, was real and therefore sone explan-
ation was necessary to account for this behaviour. It is
tentatively suggested that these compounds are the 9-oxocyclo-~
propane isomers (XXII) of the l3-oxocyclopropane esters in Bl and
that the basis of separation is the position of the oxygenated

106
group .

CH

2

CI{3.,(0112)4.CH +CH .CH oCO°(CHZ)7oCO Me (%x11)

2 2

A compound of this structure would account for the unusual
chromic acid oxidation of hydrogenated Fraction B which yielded a
higher proportion than expected of the 08— dibasic acid¥® and also
account for the C9~ dibasic acid (10%) observed after the
oximation~rearrangement procedure of Fraction B.

The mass spectrum of the component of carbon number 24.8
(DEGS) strengthened the possibility of such a structure. Peaks
were observed corresponding to those expected fromc%~~cleavage
(m/e 153, 185 and 153 (185 ~ 32) ) and.fgwcleavage (m/e 168, 200

and 168 (200 - 32) ) to an oxo group at C(9). The previously

% In our hands chromic acid oxidation of a 9-oxo ester yields
two dibasic acidss 08)>09. Similar oxidation of a
9,10-methylene ester yields three dibasic acids: C9)~08:>C7.
Oxidation of a mixture of these two might therefore yield

dibasic acids: C G. NG, .

G
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invoked allylic cleavage (after collapse of the cyclopropane ring
and hydrogen transfer) (pp. 44~45) also accounted for peaks at
m/e 225 and 193 (225 -~ 32), and m/c 213 and 181 (213 =~ 32). An
authentic 9--oxocyclopronane ester for mass spectral comparison
with this component could be obtained by igomerisation of methyl
coronarate® but the latter ester was not available so attempis to
identify these components were not pressed further.

The formation of small amounts of the 9-oxocyclopropane
esters from a 1l2,13-epoxyoleate could be explained by some form

76

of ‘'ether-linked! intermediate’ . As these have been observed in

the dioxan isomerisation (p. 46) the following possible reaction

scheme can be suggested:

v N
CH CH
7 { # e
CH CH b O
/
T — | T
CH CH LCH o
N 7 A3 g9
N v’
CH \/ \/ CH
2 2
\ /\
~CO .CH., - CH +CH~ ~CH +CH ,CH, +CO~
13 9 13 9

* The absence of methyl coronarate in the methyl vernolate

was established.
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A more detailed study of the ethor intcrmediates might givc
more information.

The relatively small amount of the 9-oxocyclopropane ester
compared with the 13-oxo isomer suggests that this route via

ether intermediates is only a minor pathway.

Separation Scheme 1

Reaction products

Column
chromatography
| 1 ! |
A(10%) B(70%) c(10%) D(10%)
Agt/mLC rgt /mLC
f i i | f R
Al A2 A3 A4 B1+B3 B2
TLC
7
Bl B3
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Separation Scheme 2

Reaction products

Column

chromatography

l | |
a(2%) B(847%) c(9%)  D(5%)

Ag+/TLC Mercuric acetate,
A TLC
| [ I | 1
B1 Bla B2 B2a B4 B(non-adducts)
.}..
TLC Ag' /TLC
T [ | 1 1
Sl 02 53 Bl Bla B2

Separation Scheme 3

Reaction products

Colum
chromatography
! [ | |
A(6%) B(65%) C(19%) D(10%)
Ag"/mLe Agt/mLC

| | f |
Al A2 B1 Bla B2
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The results from the three isomerisation experiments are

sumnarised in Table 21,

Table 21.

S S T = Y

LaH 5 3%
(n) 10 2 6
(B) 70 84 65
13-oxocyclopropane (trans) 6 13
13~oxocyclopropane (cis) } ia 34
9-oxocyclopropane (cis & trans) - 1 8
13-ox0~9¢ 18 20 23
13-ox0~-9% - 2 8
12~o0x0-9¢ 28 51 -
'ether' ester -~ 3 -
12-0x0~10% 14 - -
(¢) 10 9 19
(D) 10 5 10

* 1, Isomerisation in refluxing dioxan (D. 21).
5 . . » /
2. Isomerisation in dioxan at room temperature \P- 25).

3 Isomerisation in benzene at room temperature (p. 47).

4. Mechanistic features.

Al Possible mechanism of rearrangement.

Labelling experiments with cyclopropylmethylamine~l~l4C

(XXIII) have been shown to give products (XXIV) in which the label
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isg nearly; but not quite, statistically distributed among the

three methylene groupslo7’108.

0.27 0.36 //OH

~._  1.00 \\(1.45
> omNH, — e O OH %
/ el 7/ 2
0.2

|

|

——

0028 0036

. = CH2 S CI'I:CI’IZ oCH2 eOH
0.33 0.01 0.66

(XX1V)

The above information indicates that the following inter-
conversions of cyclopnropylmethyl cations are possibles

-
/\+____.._>+
i 5. 1 ¢ 3
N, » .72
C C
LW

;
C// \\C

2 1

+
C
3

~Q

It is therefore possible that our rearrangement might proceed
as shown in Scheme 4 (p. 61). This involves rearrangement of
the homo~allylic cation (XXV) to the cyclopropane derivative
(XXVI), (as postulated before (p. 38) ). This isomer (XXVI), with

its carbonium ion centre at C(9), is in equilibrium with
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cyclopropane carbonium ion (XXVII) in accordance with the inter-
conversions shown on the nrevious page. Oxo formation y which may
occur by 1,2~hydride shift or by proton loss to yield an enol,
disturbs the egquilibrium between the cyclopropyl carbonium ions

in the direction of the final product (XXVIII). This reaction

involves a skeletal rearrangement of the carbon chain.

Scheme 4.
CH CH CcH
NS 2 2
Z J R R
/CH CH + CH ,LCH CH —— CH
0\l n — | “ — |
CH CH F,B-0~CH CH FB-0-CH  + CH
L% /9 ¥4 >
(xxV) (XXVI)
BH e T + CH-—— CH
‘ " TR N | 1 en
P - 2
o= CH F_B~0~CH CH
13\ 79 3 N A
(XXVIII) (XXViI)

4,2 Solvent effectse.

The following facts require rational explanations
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(1) The relatively small yield of oxocyclopropane ester in
the dioxan isomerisation (8-10%) compared with that in the
benzene isomerisation (34%).
(ii) In dioxan, the oxocyclopropane ester is predominantly
trans (80%) yet in benzene a 1:1 (cis:trans) ratio is found.
(iii) In dioxan, the 12-oxo and 13-oxo compounds are in the
ratio 6:4 yet in benzene the product is entirely 1l3-~oxo (lOO%),
To gain more information on the influence of F35’~unsaturated
centres on epoxide ring opening, the isomerisations of methyl
12,13-epoxystearate and 9,1l0~epoxyoctadec-12-ynoate were studied
in both dioxan and benzene solvents. The major Fraction B was

isolated from both (where possible) and the ratio of oxo isomers

determined as before. The results are summarised in Table 22.

Table 22.

DIOXAN BENZENE
B(%) 12-oxo 13-oxo B(%) 12~oxo 13-oxo
12,13~epoxystearate 81 50 50 - - -
12,13-epoxyoleate 84 60 40 65 - 100
9,10~-epoxyoctadec~
l12-ynoate 89 95% 5% - i -

* This ester actually gave 10-oxo and 9-oxo (95:5) compounds but
these are represented in the equivalent 1l2-oxo3l3=~oxo ratio.
9,10-Epoxystearate when isomerised gave similar results to

those obtained from the 12,13-epoxystearate.
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In the more polar solvent, dioxan, carbonium ions are formed
on G(12) and C(13):s these lead to the 13—oxo and 12-oxo compounds
respectively. With 12,13-epoxystearate (and 9,10-epoxystearate)
the two possible oxo isomers are formed in equal amounts. In the
case of the ;33,~olefinio epoxide the double bond influences ring
opening to give slight preferential cleavage of the ether bond
attached to C(13). This preferential cleavage is even more
pronounced with the f35'~acetylenic bond which appears to influence
ring opening to such an extent as to give almost complete cleavage
of the C(13) ether bond. Morrisl? has recently demonstrated a
similar preferential cleavage in polar solvents of the ether bond
attached to C(13) in epoxyoleate. The reason why this bond is
preferentially cleaved is not yet fully understood.

In the non-polar solvent, benzene, a more rational explan-
ation can be put forward., With the PBY ~olefinic epoxide, the
epoxide ring opens completely with cleavage of the ether bond
attached to C(12) to give the more stable homo=-allylic cation.

The latter then rearranges to give various products. In the case
of the saturated epoxide and the acetylenic epoxide no such
stabilised cation can be formed and the non-stabilised cations
which are formed polymerise extremely rapidly so that no ketones
are formed.

It is further considered that in dioxan, because of stabilis-—

ation of the intermediate carbonium ions by solvation, the
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reaction comes mainly under thermodynamic control, yielding the
more stable trans cyclopropane isomer. In benzene, with little
or no stabilisation by the solvent, the reaction is mainly under
kinetic control and yields equal amounts of the two isomers.

In kinetically controlled reactions the ratio of products
(i.e. cyclicsopen chain) depends on the stability and structure of
the intermediates. Although in the ground state a cyclopropyl
system is about 10Kacal/mole more strained than an open chain
system, an ionic cyclopropyl intermediate is more stable than the
corresponding open chain intermediatelo9. This might then
account for the higher percentage of cyclic products in benzene
than in dioxan. Under thermodynamic control (dioxan) the open
chain intermediate might be favoured giving predominantly acyclic

0x0 compounds.

Conclusions.

Boron trifluoride-catalysed isomerisation of methyl vernolafe
has led to very little, if any, of the desired methyl coriolate,
although a small amount of unidentified conjugated triene esters
were observed which may or may not have arisen via this hydroxy-
diene ester.

The reaction has nevertheless proved to be very interesting
for under different conditions in two solvents, it has yielded an

oxocyclopropane ester in moderate yield and a possible mechanism
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for its formation has been discussed. Although long-chain
cyclopropane esters occur naturally, this is the first report of
their formation by interaction of a double bond and some ionic
centre produced during a recaction. Turther studies in our
laboratory, initiated by this work, have resulted in the formation
of cyclopropane isomers from methyl ricinoleate.

No cyclic compounds were observed from similar reactions on

a ;351—acetylenic epoxy ester.




Chapter IIL.

BASE~CATALYSED ISOMERISATION .
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THTRODUCTION .

Base-catalysed isomerisation of epoxides can proceed by
two routess

(i) o--elimination, in which the initial event is direct

proton abstraction from the oxide ring. This may be followed by

redistribution of the bonding electrons to give ultimately one or

more carbonyl compoundsllo“ll2.

—

0 0 0

/\ I\ |
RCH-CR2 — RC-—CR2 - RC:CR2 —— RCO.CHR2

Alternatively, saturated alcohols have been obtained via a

carbenoid insertion processlll~114.

(ii) fP-elimination, in which reaction is initiated by

proton abstraction from a carbon atom adjacent to the ring, usual-

ly yielding the allylic alcohol.

0
7 \9 5
~CH —-CH/ECH- —— —CH(OH)-CH=CH~

H
S
Although it has heen shownlll’ll) a1 that this mode of isom~
erigation occurs with several saturated epoxides, f3~elimination

occurs more readily when the methylene group, adjacent to the ring,

is activated by a group (X) such as CN118’ Ph802118’ coll9-122

COZMe123.

0
rE
~CH~CH—CH2ﬁX

o a—

L
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A related process, involving activation by an acetylenic
group, was invoked by Haynes et a1.124 to explain the formation
of l-hydroxy-2-nenten-4-yne from the condensation of epichloro-

hydrin with sodium acetylide.

P

/ N\
CH,.CH.CH,01 — (I{C§C°CI{2°CIi(OH)oCHZC].)\

£
HC#C +CH :CH «CH,0H §——— (HCEC.CH2.CH.CH2)

More recently, Russian worlcersl25 have demonstrated the
facile igomerisation of ﬁx-—acetylenic epoxides to hydroxyenyne

isomers using powdered alkali in ether.

0
/ \ .
CH, «CH.CH, .C: C.R — CHQ(OI-I).CH:CH.C':C.R

In methyl vernolate, the CG(1l) methylene group is activated
by the 9,10 double bond and it was considered that ﬁ-—elimination

might yield the desired 13~hydroxyoctadeca~cis-9,trans-~ll-dienoate.

/O\‘9 L b g
~CH .CH.CH .CHsCH~ ——> ~CH(OH).CH:CH .CHsCH~
13 T 9 13 9

it
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DISCUSSION »

Initial experiments were carried out with methyl epoxyoleate
and some common bases (potassium methoxide, ethoxide and tertiary
butoxide) in various solvents. The UV spectrum was used as a

gufficient indication of whether the desired reaction occurred.

Potassium methoxide and ethoxide.

Although potassium methoxide is used in the transesterific—
; e 196 ; i .
ation of epoxy oils without oxirane destruction it was hoped
that stronger solutions might effect the required isomerisation.
With 10:1 ratios of basesepoxide however, no dienc conjugation was
observed under various reaction conditions in methanol or dioxan

solution. Similar negative results were obtained with ethoxide.

Potassium tertiary butoxide.

Ugelstad et al.127 have shown that the rate of isomerisation
of linseed oil in a solution of potassium butoxide in butanol was
increased enormously by the presence of an excess of dimethyl-
sulphoxide (DMSO) or dimethylformamide (DMF), even at room
temperature. When epoxyoleate wag treated with excess tertiary
butoxide in DMF, very little conjugated diene could be observed.
Under similar conditions a sample of methyl linoleate gave the

conjugated isomer in 20% yield.
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Reaction at room temperature using tertiary butoxide in
DMSOl15 was found to give 10% conversion to the conjugated OH
diene after a reaction time of three days. This rcoagent had the
disadvantage of saponifying the ester group.

The major reaction occurring with these bases is probably

nucleophilic substitution, giving the alkoxy-alcoholll3.

Py ome™ 9 weom (% _
~CH .CH~ ——3 ~CH .(?}1- —— RO .(IIH— + Olle
OMe OMe

Accordingly, attention was focussed on lithium diethylamide

113

which has been used extensively by Cope and co~workers and more

recently by Crandall and Changlll’les. This is a poor nucleophile

but a strong base.

Lithium diethylamide isomerisation.
113

Following Cope
129

, the reagent, prepared by the interaction
of phenyllithium and diethylamine, was refluxed for eight hours
with methyl vernolate in ether solution. Chromatography (GLC and
TLC) showed that the product contained hydroxy dienes, and the
high ultra violet absorption at A max 233mp (Eifm 718 and 701, in
two experiments) indicated a high yield of conjugated dienes.

Prep. TLC furnished two major products (30% and 34%) which were

shown to be the 13-hydroxyoctadeca~-cig~9,trans~ll-dienocate and its

N,N-diethylamide, as described later.
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In an endeavour to decrease the amount of amide (and increase
the yield of OH diene ester) the reaction was studied at lowen
temperatures and for shorter reaction times. It was shown that
the rearrangement was almost complete in one hour at 0°c. Under
these conditions the diene ester (recovered in 60% yield) was
accompanied by less of its diethylamide (20%).

Characterisation of hydroxy ester and its diethylamide.

a) The bhydroxy ester was isolated by TLC on silica followed
by Ag+/TLC to separate some artefacts formed during the preparation
of lithium diethylamide. The purified product showed absorption
at Amax 233mpu (Efﬁ’m 850) in the ultra violet, and at 3595, 1730,
980 and 9450111_1 in the infra red, indicative of a hydroxy ester
with a conjugated cis,trans diene system. Its GLC showed +three
peaks having carbon numbers of 23.3, 23.7 and 28.0 (DEGS). The
first two (23.3, 23.7) are conjugated trienes formed by dehydrat-
130

ion of the hydroxy-diene ester during chromatography and ‘the
latter is presumably the hydroxy ester itself. In this respect
this ester differed from methyl dimorphecolate (9-hydroxyoctadeca—
trans~10,trans-12-diencate) which showed only the two conjugated

trienoic ester peaks. A naturally occurring sample of methyl

coriolate (1l3~hydroxyoctadeca~cis~9,trans-ll~dienocate) isolated
131

from Coriaria myrtifolia seced oil showed similar GLC behaviour

to the synthetic ester.

The NMR spectrum showed a peak at 5.9T (CHOH) and a complex

_____ _
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geries of peaks at 3.3-4.97 arising from the Ffour conjugated
olefinic protons. The spectrum was identical with that published
for coriolic ester2l.

Hydrogenation gave a mixture of hydroxysitearate and oxo-
stearate, and chromic acid oxidation of this gave 012— and 013—

dibasic acids as the major products.

von Rudloff oxidation gave the C,~ dibasic acid,; indicating

9
that unsaturation started at C(9).

The hydroxy ester wasg readily dehydrated by acidic methanol
to conjugated triene esterse. von Rudloff oxidation of the latter
indicated a mixture of 8,10,12- and 9,11,13- triencates, arising
from 1,2 and 1,6 dehydration of the dienol system43.

Partial reduction with potassium azodioarboxylat922 gave two
hydroxy monoene esters which were separated by Ag+/TLC. The cis-
isomer gave the C9~ dibasic acid when oxidised; +the trans-isomer
gave the C11‘ dibasic acid along with about 5% of the C9~ dibasic
acid. The latter (C9— dibasic) probably resulted from some
unreacted diene ester. These changes are summarised in Scheme 5
(p. 72).

Although it has not been possible to make any optical
measurements, this synthetic ester; prepared from optically active

methyl vernolate, is considered to be optically active and to have

the 13D configuration of the naturally occurring ester2l.
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conjugated diene group (UV and IR) and a hydroxyl group (IR).

The second major component (34%) contained a cisg,trans

It

was not, however, an ester (IR) and its NMR spectrum showed a

quartet at 6.5-6.97T indicative of a diethylamide.

When methyl

stearate was treated with lithium diethylamide a component was

isolated (15%) having the spectroscopic and chromatographic prop-

eties shown by authentic N,N-diethylsiearamide.

It was therefore

concluded that this isomerisation product (34%) was +the
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diethylamide of the 13-0H diene ester resulting from nucleophilic

attack of the reagent on the ester group.

some transformations of synthetic methyl coriolate.

9-Hydroxyoctadeca~10,12~dienoic acid (dimorphecolic) occurs

e and the 1Q§,12§23 igomers and also in

132

naturally as the 10%,12¢
an oxidised form as the 9-oxo 10%,12% acid. It seems possible
that the isomeric 13~hydroxyoctadeca~9,ll-dienocic acid (coriolic)

will occur in similar forms and these have been prepared from the

synthetic coriolate.

133 Lhe

Treated with iodine in carbon disulphide solution
13-hydroxy 9¢,11lt dienoic ester gave a mixture of cis,trans and

trans,trans isomers which were separated with difficulty by prep.

Ag+/TLC. The isolated 1l3~hydroxy 91,11t ester was about 95% pure
as shown by GLC of itg trimethylsilyl ether134. Its NMR, UV and
IR spectra (except for a small absorption al 9450m~l) were similar
to that of an authentic sample of the isomeric ester, methyl

dimorphecolate (9-OH 10%,12%), isolated from Dimorphotheca

pluvialis ringens seed oil.

Oxidation of the cis,trans hydroxy ester with chromic acid in

135

pyridine gave an oxo compound in which the major product

(9¢,11t) was accompanied by some trans,trans isomer. The amount

of the latter was increased by iodine isomerisation and was

reduced, but not eliminated, by avoiding acidic conditions during

LIIlIllllIlllllllIlIIIllIII----'--""""--"
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the reaction work-up. Attempts to separate pure irans,trans oxo

ester from the mixture of isomers after iodine isomerisation by
Ag+/TLC were unsuccessful, and finally this isomer was prepared by
chromic acid oxidation of the 1l3-hydroxy 9%,1lt ester. The
resulting oxo ester had similar gpectral properties to an authentic

sample of 9~oxo-octadeca—trans-10,trans~l2~diencate from

Dimorphotheca pluvialis ringens seed oil.

The naturally occurring 9-hydroxy and 9-~oxo isomers could be
prepared by similar reactions from methyl 9D,10D~epoxyoctadec~12-

enoate but as yet no source of this ester ig available.

Rearrangement of other epoxy esters with lithium diethylamide.

Although the base~catalysed rearrangement of methyl vernolate
gave coriolate in good yield, the reaction failed with epoxy-—
stearate and monoepoxidised ximenynatej; presumably because there
is no activation of the methylene group adjacent to the epoxy
function. The reaction was successfully applied to a number of
selected synthetic epoxy esters which contained such an activated
methylene group and resulted in the partial syntheses of racemic
methyl eL—dimorphecolate, racemic methyl helenynolate, and methyl

parinarate.

Partial synthesis of racemic ol-dimorphecolate.

Monoepoxidation of methyl linoleate gave a mixture of two
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epoxides which was rearranged in about 60% yield to 9- and 13~
hydroxyoctadecadienoates. These positional isomers were sgeparated
by prep. TLC in approximately equal amounts thus confirming the

136

observation by HMaerker et al. that epoxidation of linoleate
occurred equally at the 9,10 and 12,13 positions.
The lower band, on TLC, was identified as the 9~hydroxy-

octadeca~trans-10,cis~l2~dienocate by spectroscopic and degradative

studies similar to those described for methyl coriolate. Although
this ester will be in the racemic form, an optically active acid
could presumably be obtained by isomerisation of natural coronaric

4

acid .

Partial synthesis of racemic methyl helenynolate.
Methyl helenynolate (9-hydroxyoctadec~trans—10,12—ynoate) has
recently been found in Helichrysum bracteatum seed oil by Powell

137

et al. . Co—occurring in the same oil was crepenynic acid

(1822 (9¢,12a) ) and it may be that helenynolic acid is produced
biosynthetically from crepenynic acid via an epoxide. This path-
way is illustrated in Table 4 (p. 8).

Methyl crepenynate, isolated by prep. Ag+/TLC from Afzelia

138

cuanzensis methyl esters ; Was monoepoxidised and submitted to

base—-catalysed rearrangement. Prep. TLC furnished a hydroxy
enynoic ester in 50% yield which was shown to be identical to

methyl helenynolate on the following evidence.

_——'___'-> o
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(i) The ester showed absorption at A max 228q~ (Eifm 600) and
237@# (E%%m 510) in the ultra violet spectrum, and at 3595,
1730 and 950c>m—l in the infra red, indicative of a hydroxy
ester possessing a conjugated trans enyne system. The NMR
spectrum contained a complex series of peaks in the region
3.7-4.6T (olefinic protons) and a peak at 5.9T due to the
proton on the carbon atom also attached to the hydroxyl group.

(ii) The hydroxy ester decomposed on both polar and non-polar
columns137 but as its TMS derivative, it had a carbon number
of 23.4 (DEGS). On thin layers of silica the hydroxy ester
was slightly more polar than a standard 9-OH 10%,12¢ ester bui
in the presence of gilver ions the position was reversed, the
enyne egter running with a slightly higher Rf value.

() Chromic acid oxidation of the hydrogenated ester gave
essentially C9— and 08— dibasic acids, placing the hydroxyl
group on C(9).

(iv) von Rudloff oxidation of the ester yielded a 09— dibasic
acid and a C6~ monobasic acid, which placed the enyne system
between C(10) and C(13).

137

(v) Lithium aluminium hydride reduction yielded a diol

showing characteristic ‘'allene? absorption in the infra red
spectrum at l9500m“1.
(vi) Refluxing with methanolic hydrogen chloride yielded an

ester still possessing conjugated enyne absorption (UV) but

| -




-.77..

which now contained a methyl ether linkage as evidenced by
its infra red spectrum (1080, 11000m~l).

(vii) As additional proof of structure the ester was partially
reduced with potassium azmodicarboxylate to give a product
which was separable into three bands by Ag'/TLC. These
bands, in order of decreasing Rf, were characterised by a
combination of IR and GLC (TMS derivatives) as (1) unchanged
ester, (2) hydroxy ester with conjugated cig,trans unsatur-—
ation and (3) hydroxy ester with an acetylenic group. von
Rudloff oxidation of band (3) gave a Cz— monobasic ester
along with a X—laotone. The latter was identified as the
lactone of a 4~hydroxydodecanedioic acid by its infra red
spectrum (177Oom~1) and by comparison of its GLC character-
istics with the lactone formed from oxidation of natural
methyl 9-hydroxyoctadec~l2-enoate.

These facts prove that the product of rearrangement of the
monoepoxidised methyl crepenynate was methyl 9-hydroxyoctadec—
As a conseguence of this successful conversion of crepenynic

ester to methyl helenynolate the epoxy esters in Helichrysum

bracteatum have been re—-examined and it has been shown that

9, 10~epoxyoctadec—~12-ynoic acid accompanices the coronaric acid

previously identifiedlz. The discovery and structural proof of

this new epoxy ester is discussed in Chapter IV.

L
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Attempted synthesis of methyl parinarate.

Parinaric acid; the only non-oxygenated conjugated tetraenoic
long~chain acid presently known in nature, was discovered in
1933139 but its configuration was only verified recently when
Bagby et al.29 showed it to be the 18:4 (99,113,133,159) isomer.

An attempt has been made to prepare this ester from methyl
linolenate by the following scheme based on the biosynthetic path-

way postulated by Gunstone.

1823 (9¢,12¢c,15¢)
l’ monoepoxidation

9,10~epoxy 18:2 (12¢,15¢)
12,13~epoxy 18:2 (9¢,15¢)

15,16~epoxy 18:2 (9¢,12¢c)
J/ TLC
12,13~epoxy 18:2 (9c,15¢c)
J’ base~catalysed isoms

12-hydroxy 18:3 (9c,13%,15¢)

13~hydroxy 18:3 (9¢,11%,15¢c)
J’ dehydration

1824 (9¢,11%,13%,15¢)
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Methyl linolenate was monoepoxidised in 50% yield with mono-—
perphthalic acide. During purification by prep. TLC it was
observed that the monoepoxides were partially separated into two
spots which appeared to be in an approximate ratio of 1:2 (upper:
slower). Since the upper spot had an Rf value similar to that of
authentic methyl 12,l3-epoxyoleate it was concluded that this was
the 12,13-epoxy isomer while the lower composite spot comprised
the 9,10-epoxy and the 15,l6-epoxy isomers. This separation is
in general agreement with the observation of Morrile6 that
l2-hydroxystearate has a higher Rf value than either the 9-hydroxy
or the 15-~hydroxy isomer.

Accordingly, by rather laborious chromatography on thin layers
of silica, using multiple development, a small amount of the upper
component was isolated from the monoepoxidised fraciion. After
base-catalysed isomerisation and prep. TLC, this yielded a mono--
hydroxy ester (40%) with the spectroscopic properties expected of
a hydroxy ester possessing conjugated cis,trans unsaturation.

The lower component was also isomerised to monohydroxy esters
with similar spectral properties, and preliminary acid-—catalysed
dehydrations were carried out on this monohydroxy ester. Reaction
at room temperature with anhydrous dioxan/sulphuric acid converted
the hydroxy ester to conjugated tetraene esters only, és evidenced
by complete replacement of the conjugated diene chromophore by

conjugated tetraene (UV spectrum) . This tetraene is probably a
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mixture of 9t,11%,13%,15¢ and 9c0,11%,13%,15% isomers arising from
1,6 dehydration of the 9~OH 10%,12¢,15¢c and the 16~0H 9¢,12¢,14%
isomers respectively. Acid-catalysed dehydration of methyl
coriolate 13-OH 9¢,11%t by both 1,2 and 1,6 dehydration gives,
predominantly, the all trans trienes. The 1,6 dehydration desc~
ribed above is presumably due to additional activation of C(14)
and C(11) by the extra double bond.

It was hoped that acid-catalysed dehydration of the upper
band would lead to 1,2 trans dehydrationonly, to yield the
9¢,11%,13%,15¢c tetraene ester. When this hydroxy trienocate was
reacted with the dioxan/sulphuric acid reagent, an ester was
obtained with strong tetraene absorption in its UV spectrum (>\max
302T%b Eif% 2300). The infra red spectrum showed a strong absorp-
tion at 996<.~.m"1 and weak bands at 975, 951 and 9250m-1.

von Rudloff oxidation of this ester gave only a 09— dibasgic
acid indicating the conjugated system began at 0(9).

The IR evidence is not completely consistent with that

29

reported for methyl parinarate. Bagby et al. observed four

bands in the region 900-lOOOcm~1, corresponding to those given

above, but found slightly different relative intensities. Later,

140

Gunstone and Subbarao

993 and 9510m“1.

claimed only two bands in this region,

While it is considered that the main product is the

9¢,11%,13%,15¢ isomer, some vis,trans isomerisation may have
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ococurred in the dehydration step leading to small amounts of the
Cyt,t,t isomers. In view of the rather laborious TLC scparation
of the monoepoxy isomers it may also be that slight contamination
of the upper fraction by the lower fraction occurred, again
leading to a stereochemically impure product.

It is possible that a base~catalysed dechydration of the

141

p~toluenesulphonate derivative of the hydroxydiene ester might

lead to a more stereospecific product.

Conclusions.

By base-catalysed isomerisation of the appropriate epoxy ester,
partial syntheses have been effected of methyl coriolate, racemic
eLﬁdimorpheoolate, and racemic helenynolate. A synthesis of
methyl parinarate from methyl linolenate via epoxy intermediates
has also been described.

While this does not prove any biosynthetic link between the
epoxy esters and the hydroxydiene (or enyne) esters, the ease of
conversion (> 80%, including the diethylamide derivatives) provides

ugeful supporting evidence for Gunstone's proposals outlined in

Chapter I.




RE-EXAMINATION OF SELEGTED SEED OLLS:

A SEARCH FOR UNKNOWN EPOXY ACIDS

OF POSSIBLE BIOSYNTHETIC IMPORTANCE .
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INTRODJCTION o

In the previous chapter, the ready conversion of unsaturated
epoxy esters to hydroxy esters with conjugated unsaturation has
provided a good chemical analogue to Gunstone's postulated
biosynthetic pathway. The next logical step would be to attempt
to demonstrate similar conversions in the plant itself using
labelled epoxides. As no facilities were available for this, it
was decided to extend the co-occurrence aspect (discussed in
Chapter I) to an examination of some seed oils with a view to
identifying evoxy acid intermediates predicted by Gunstone's
theory.

Three seed oils have been examineds

(i)  Helichrysum bracteatum seed o0il.

. R . : ¢ g he
This seed oil is known to contain coronaric acid™~, an

appropriate isomer of which might be the precursor of the ol ~dimor-
phecolic acid also present. Since this oil also contains
crepenynic and helenynolic acid it seemed useful to see if +the
predicted intermediate (Table 4, Ds 8), 9,10-epoxyoctadec=l2-ynoic
acid, might also be present.

(ii) Dimorphotheca pluvialis ringens seed o0il and Dimorphotheca

aurantiaca seed oil.

3%

Morris and Marshall have recently described the occurrence

of ﬁ-dimorphecolic acid (9-OH 10t%,12%) with an isomer of linoleic
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(9c,12%) in D. aurantiaca seed oil which is also cons:’.deredl1 to

contain a small amount of epoxy acid. This oil and the closely

related D. pluvialis ringens have therefore been re~examined to

see if they contain any 9,l0-epoxyoctadec~irans-l2-~enoic acide.
Thisg latter is the expected intermediate between the linoleic

igomer and the ﬂ-«dimorphecolic acid.

3 e
—CH:CH.CHa.CH:CH~
12 9
monoepoxidation
0
i} Ay
~OH:CH.CH2.CH.CH-
rearrangement
t +

~CH :CH +CH :CH .CH( OH ) -
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DISCUSSION »

1. Helichrysum bracteatum seed oil.

The seed oil was converted to methyl esters by reaction at
room temperature with sodium methoxide in anhydrous methanollzé.
The monoepoxy fraction (14%) was isolated by prep. TLC of the
methyl esters, and GLC (DBGS) indicated only three components s
X (C.No 24.0, 6%), Y (C.No 24.6, 69%) and Z {C.No 26.0, 25%).
These correspond in carbon number to authentic samples of methyl
epoxystearate, epoxyoctadecencate and epoxyociadecynoate.
Attempted separation of this fraction by Ag*/TLC was unsuccessiul
and finally a scheme was adopted whioch, although changing component
Y, allowed subsequent separation of components X and Z. This was
considered acceptable as ‘the epoxyoctadecenocate (Y) had previously
been identified by Powell et a1.12 as methyl coronarate, and the
other two components were of more interest.

The monoepoxy fraction was treated with an excess of peracid
which reacted only with component Y. The monoepoxides (X and %),
unchanged on GLC and TLC, were then readily separated by prep.
Ag"/TLC. Using this technique the components X (7%), 7 (24%) and
Y (69%, now diepoxide) were recovered in the proportions (by
weight) shown. These recoveries (% wt) compare very favourably

with the original GLC results (% area) and suggest that no unusual
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changes occurred during the isolation procedure.

Characterisation of component Z.

Chromatographically and spectroscopically, component Z and
synthetic 9,l0-epoxyoctadecynoate ester (prepared by epoxidation
of methyl crepenynate) were indistinguishable. They showed
identical behaviour on thin layers of silica and silica/silver
nitrate, and had the same carbon number on polar (26.0, DEGS) and
non-polar (19.1, ApL) colums. Their IR and NMR spectra were
also identical.

A portion of component Z was subjected to acetolysis and then
saponified according to Guunstone's procedurel. The resulting
dihydroxy unsaturated acid was esterified and submitted to von
Rudloff oxidation before and after hydrogenation. Before hydrog—

enation it gave a C,~ dibasioc acid and a 06— monobasic acid; after

9

hydrogenation it gave a C9~ dibasic and a C9~ monobasgsic acid.

These facts place the epoxy group at the 9,10 position, and
an unsaturated cenire between carbon atoms 12 and 13.

On thin layers of silica impregnated with bhoric acid142 the
hydrogenated dihydroxy ester ran with an authentic threo-9,10~
dihydroxystearate. Thig proves that the epoxide ring in Z has
the cis configuration.

Finally, base-catalysed isomerisation of component Z, with

lithium diethylamide, yielded a hydroxy ester possessing trans—

enyne unsaturation (UV and IR spectra). This confirms the
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presence of an acetylenic linkage in the original component Z and
since such isomerisations require an activated methylene group
adjacent to the oxirane ring the acetylenic linkage must be
between C(12) and C(13).

It is considered that this evidence identified component Z
as methyl cis~9,l0~epoxyoctadec~l2-ynoate.

As methyl helenynolate has recently been shown to possess the

143

9D absolute configuration it is predicted that this epoxy ester

will have the 9D,10D confisuration.

Characterisation of component X.
Component X was shown to be cis~9,l0-epoxystearate by similar

procedures which are detailed in the experimental section.

2 Dimorphotheca pluvialis ringens seed oile.

The seed oil was converted to methyl esters with sodium
methoxide in anhydrous methanol. Prep. TLC of these esters
yielded a small monoepoxy fraction (1%) shown by GLC (DEGS) to
contain two componeunts of carbon number 24.0 (10%) and 24.6 (90%),
indicative of an epoxystearate and an epoxyoctadecenoate respect-—
ively. The IR spectrum indicated no trans-unsaturation. With
care this fraction was separated by TLC into two bands: an upper
(24.6, DEGS), which ran with an Rf value similar to 12,13~epoxy-

oleate, and a lower of carbon numbers 24.0 (20%) and 24.6 (80%),
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which ran with 9,10-epoxystearate. Neither showed irans-unsatur-
ation in the infra red.

It is considered that this evidence suggests the presence of
methyl 9,l0~evoxystearate, methyl 12,1l3-epoxyociadecenocate and
methyl 9,l0-epoxyoctadecenoate. There was no evidence of a trans
enoic epoxy acid and no further attempt was made to identify the

other acids.

3e Dimorphotheca aurantiaca seed oil.

This oil gave similar results to the D. pluvialig ringens oil.

s

Conclusions.

The identification of a predicted epoxy intermediate, methyl

9,10~epoxyoctadec~12-ynoate, in Helichrysum bracteatum seed oil

has provided further support for the biosynthetic importance of

epoxy acids.




Chapter V.

DISTRIBUTION OF VERNOLIC ACID IN SEED OIL TRIGLYCERIDES .
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INTROIXJCTION .

It is now well established that in most vegetable seed oils,
containing the common saturated and unsaturated acids, the
triglycerides are preferentially acylated at the 2-position by the

144,145

unsaturated 018 acids In view of ‘the proposed biosynth-
etic relationship between linoleic acid and vernolic acid it was
considered useful to study the distribution of vernoloyl groups in
seed oil triglycerides.

Initially, very little information on this distribution was

available. Krewson et a1.146 had shown that the vernoloyl groups

in Vernonia anthelmintica seed o0il were present almost entirely as

14T

trivernolin, yet in Buphorbia lagascae seed oil which also

contained a high proportion of wvernolic acid, the vernoloyl groups
were more randomly distributed between the mono-, di~ and triepoxy
triglycerides.

148

After our work commenced however, Tallent et al. reported
the identification and distribution of vernocloyl groups in several
seed oils. Their studies revealed a general preference of the
vernoloyl groups for the 2-position of the triglyceride molecules.
In the present work, six seed oils from three plant families
have been examined for both intra— and interglyceride distribution

of vernoloyl groups. With four oils, the triglyceride composition

of the non-epoxy and monoepoxy fractions has been calculated from
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lipolysis and from Ag+/TLC results.

These oils together with their vernolic acid content are

summariged in Table 23.

Table 23.
Abbrev.
Species name name
1) Cephalocroton peuschelli Cp
2) Cephalocroton cordofanus Ce
3) Crepis aurea Ca
4) Crepis vesicaria Cv
5)  Cephalaria joppica Cj
6) Cephalaria leucantha ¢l

Notes.

Euphorbiaceae
Euphorbiaceae
Compositae
Compositae
Dipsacaceae

Dipsacaceae

Content of

vernolic¥*
12
67
60
52
36
19

1) and 2) have a high content of vernolic acid, 5) and 6)

have a low content of this acid, 3) and 4) show intermediate

values.

¥ 1In all tables in this chapter all figures are quoted as

% mole.




Plate 1.
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TLC separation (PE25) of four epoxy seed oils.

a. Castor oil. be g. aurea. c. C. vesicaria.
d. C. joppica. e. C. leucantha.

Components visualised by iodine vapour.
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DISCUSSION «

g Me-thods.

146

a) Extraction. Both Vernonia anthelmintica and

149

Buphorbia lagascae seeds have been shown to contain a hydrolytic

engyme which became active in the crushed seeds. To avoid any
hydrolysis arising from a similar mechanism, all seeds were ground
under petrol and subsequently extracted with the same solvent.

b) GLC analyses. Methyl esters were prepared from

glycerides by mild transesterification with sodium methoxide in
methanoll26. GLC analyses were carried out on a DEGS column held
at 19000 as described in the general methods (p. 99 ). Under
these conditions methyl vernolate was eluted as a reasonably
symmetrical peak (sometimes followed by a minor peak) of carbon
number 24.6. As reported by Herb et al.lso, methyl vernolate
gave a low response, relative to the normal fatty acids, on this
phase and a correction factor of 1.26 was obtained using standard
mixtures of pure vernolate and methyl heptadecanoate. This

factor has been included in all calculations.

c) Separation of triglycerides. As illustrated in Plate I,

prep. TLC proved an excellent method for separating these oils
into fractions based on the number of vernoloyl groups present in

the triglyceride molecules., Bach o0il was separated into six
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fractions by this technigue. The top fraction (1) wag non-
gaponifiable matter and was discarded. The others were non-epoxy
(2), monoepoxy (3), diepoxy (4) and triepoxy (5) triglycerides, in
order of decreasing Rf value. The lowest fraction (6) probably
contained sterol(s) and partial glycerides.

Prepe. Ag+/TLG geparations and recovexry of fractions were
carried out essentially as described by Gunstone and Padleyl44.

d) Lipolysis. Lipase hydrolyses, which have been prev-—
iously shown to proceed satisfactorily with vermoloyl groupslsl,
were effected on the non-epoxy, monoepoxy and diepoxy iriglyceride
fractions of each oil by the semi-micro procedure of Luddy

152

et al. M

e) Calculationse. Relative amounts of triglyceride

fractions from both prep. TLC and prep. Ag*/TLC separations were
calculated using methyl heptadecancate as internal standardl44.
As an aid to the rather laborious calculations involved, two

short computer programmes were composed. The first (C1)

converted peak areas for each fraction to relative mole percent.

The second (C2) converted peak areas for each fraction to increment

mole percent. taking into account the relative amounts of each
fraction.

Glyceride compositions from Ag+/TLC separations were
calculated for each sub-fraction in terms of a tertiary (or

simpler) mixture, from the molar composition of the esters and
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from its Ag+/TLC behaviour.
Triglyceride composgition of the fractions were calculated

153 1154,

from lipolysis data as described by Coleman and Vander Wa

With the monoepoxy triglyceride the calculation was modified to
allow one epoxyacyl group in each triglyceride.

2e Results .

Interglyceride distribution of vernoloyl groups.

In the following discusgsion epoxyacyl groups are referred to
as & and all other acyl groups as X.

The results obtained by prep. TLC of the six oils are
summarised in Table 24 (p. 93) in terms of the four triglyceride
classes¢ non-epoxy triglycerides (X3), monoepoxy triglycerides
(X2E), diepoxy triglycerides (XEZ) and trivernolin (E3).

The sum of the esters obtained from each fraction compared
favourably with the original oil, providing a useful check on the
recovery and quantitation of the separated fractions. There was
also, in general, good agreement between the theoretical values of
vernolic for the monoepoxy (33.3%) and diepoxy (66.7%) triglyc-—

eride fractions, and those actually obtained. (Pull details

are given in Tables K17 - E22 in the Experimental section.)
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Table 24.

X3 X2E XE2 E3
A B & A B & A B G A B ¢
Cp 3 2 2 14 17 17 43 44 44 40 37 37
Cc 4 3 4 0 15 23 44 44 45 34 34 28
Ca, 9 6 7 18 29 29 59 43 43 14 22 21
Cv 14 31 11 15 36 36 60 39 39 1T 14 14
Cj 31 26 25 38 44 46 25 25 25 6% 5 4
Cl 55 53 51 32 3t 39 10 9 9 o N TR
A = % mole found.
B = % mole calculated assuming 1,2,3-random distribution155,
and treating all acids other than vernolic as a single
group .
C = % mole calculated by Gunstone's theoryl56, treating
vernolic as a typical unsaturated C18 acid.
* EB' by GLC, contained 75% vernolic. Figure given assumes

100% vernolic, hence true By will be less.

** E3, by GLC, contained 58% vernolic. Figure given assumes

100% vernolic.

Por oils of high vernolic content (Cp and CGc) and a low
vernolic content (Cj and Cl) the amounts of the triglyceride
fractions agree fairly well with predictions based on a 1,2,3~-
random distribution155 156

and with Gunstone's distribution theory

This does not appear to hold with oils of intermediate epoxy

content (Ca and Cv) where the results do not agree with either

»
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distributional theory. A similar non-random distribution was

148

found by Tallent et al for C. aurea and C. joppica.

Intraglyceride distribution of vernoloyl groups.

The resulis from lipolysis of the non-epoxy (fraction 2),
monoepoxy (fraction 3) and diepoxy (fraction 4) triglycerides from
each oil are summarised in Table 25 in terms of an enrichment
faotor 2!, Thig latter is the ratio of the conoentration (molar)
of an acid group in the 2-position to its concentration in the

total triglyceride. Full lipolysis details are given in Tables

ElT - E22 of the Experimental section.

Table 25.

fraction 2 fraction 3 fraction 4

18:1% 18:2 18:1 1822 B 3821 1B E
Cp 1.2 l.4 1.3 Tl 2al 0.9 0.8 1.2
Cec 1.2 1.4 1.2 1.0 1.2 0.9 0.9 1.1
Ca l.1 1.6 0.5 1.1 1.7 0.1 0.2 1.5
Cv 1.0 1.4 046 0.9 1.6 0.2 0.1 1.4
Cj 1.2 1.6 1.2 l.4 1.5 1.0 1.3 1.3
Cl P 1.6 1.1 1.4 1.6 1.1 led 143

Note.

The saturated acids have been omitted.

¥ These figures indicate the number of carbon atoms and double
bonds per acid molecules +thus 18:1 represents octadecenoic

acid.
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In all the oils examined there is a general tendency for the
vernoloyl group to be attached at the 2-position in the monoepoxy
and diepoxy triglyceride fractions, as noted by Tallent et 31.148.

The last authors also reported however an exception to this

general trend in ¥uphorbia lagascaec, where the vernoloyl groups in

the monoepoxy fraction appeared to be preferentially attached to
the 1(3)-position{s). They hinted that this might be a general
trend in the Fuphorbiaceae family. This is not confirmed from
our results on the Cephalocroton oils.

It is also interesting to note that crepenynic acid (present
in C. aurea and C. vesicaria) appears to be attached at the
1(3)-position(s) in contrast to the common unsaturated acids.

This acid may however behave unusually under lipolysis conditions.

Triglyceride structure of the non-epoxy and the monoepoxy fractions

from four oils calcoulated from lipelysis and from gg*/TLC results.

The results from the non-epoxy fractions are summarised in
Table 26 {p. 96) and those from the monoepoxy Ffractions in Table
27 (pc 96) .
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Table 206,

001*% 011 002 111 012 112 022 122 222
Cp2
Agh/TLC 6 F i 6 20 13 19 13 5
Lipolysis 5 8 8 22 13 16 17 8
G2
Ag™ /TLC 6 9 9 7 21 10 18 12 8
Lipolysis 5 8 8 3 22 12 16 18 8
cj2
Agh/mLC 5 9 9 5 28 10 24 8 5
Lipolysis 8 8 14 2 25 9 17 12 5
c12
Agt /110 9 8 19 319 6 21 10 5
Lipolysis 10 6 19 i 23 5 20 10 6

* These figures indicate the number of double bonds in the three

acyl chains. Fach symbol includes all positional isomers.

Table 27.

Q0E QlE 11E 02 12  22E
Cp3
AgT/TLC 1 13 12 26 26 22
Lipolysis 3 11 8 21 29 28
i, :
Ag™ /TLC 1 10 9 28 26 26
Lipolysis 3 9 T 21 28 32
¢i3
Agt/TLC 19 21 7 30 14 9
Lipolysis 18 22 6 30 15 9
¢13
Agt/TL0 17 23 8 31 12 9

Lipolysis 18 22 6 31 14 9
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To assess the reproducibility and accuracy of ‘the Ag*/TLC

method, two fractions from one oil (C. peuschelli) were. analysed a

second time. These results are compared belows:

001 011 002 111 Q12 112 022 122 222
Cp2
Agt/mLo(1) 6 /A 6 20 13 19 13 5
Agt/mLe(2) 8 9 9 A 19 12 20 12 7
OOE O1E 11E O2E 12E 22F
Cp3
Agt/mLe(1) 1 13 12 26 26 @ 22
AgT/TLo(2)* -~ 12 10 26 28 23

In general the triglycerides determined by prep. Ag*/TLC and

by lipolysis are of the same order, though individual values

occasionally show some discrepancy.

Conclusions.

Vernolic acid, like linoleic and the other common 018 unsat-

urated acids, appears to be preferentially attached at the

2~position in its triglycerides.

¥ A small amount of non-epoxy triglyceride (1%) was observed

in this case.
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(1) Purification of golverts.

All solvents were distilled before use. Dioxan, benzene
and ether were dried by distillation from sodium wire. Dry
methanol was prepared by Vogel's procedure158. Carbon disulphide
for infra red analyses was dried over calcium chloride, carefully
digtilled and stored over calcium chloride in the dark. Petrol-

eum ether (bo. 40—6000) was used throughout and is designated

simply as petrol.

(2) Thin layer chromatography (TLC).

TLC analyses were carried out on layers of Silica Gel G
(0.3mm, wet thickness) and on layers of Silica Gel G impregnated
with silver nitrate (15%). The former is referred to as TLC or
direct TLC and the latter as Ag+/TLC. Preparative geparations
were done on thicker layers (1.0mm, wet thickness) and are
designated prep. TLC and prep. Ag+/TLC respectively. Glass
plates, 20cm x 20cm; were used throughout.

Mixtures of ether/petrol or ether/henzene were generally used
ag solvents and are designated in abbreviated forms such as PE20
or BE15. The letters P, & and B represent petrol, ether and
benzene respectively and the number indicates the percentage by
volume of the second component in the mixture.

Qualitative TLC plates were visualised by exposure to iodine

vapour but on Ag+/TLC and on all preparative plates, the
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components were made visible by spraying with an ethanolic
solution (0.2%) of 2,7-dichlorofluorescein and viewing under
ultra violet light.

Components were recovered from preparative plates by scraping
off the marked bands and extracting them with ether by either
slurrying or by soxhlet extraction. Fractions are normally

presented in order of decreasing Rf value.

(3) Gas-liquid chromatography (GLC).

For normal analysis of methyl esters two machines werc used,
one fitted with a polar column (a) and the other with a non~polar
column (b).

(a) A Pye 104, Model 24, with twin flame ionisation
detectors. Columns were of stainless stecl (5' x %) packed with
Gas Chrom Z (70-80 mesh) coated with 20% diethylene glycol
succinate polyester (DEGS). Normal operating conditions were
190°C with a flow rate of 50ml/min (nitrogen).

(b) A Pye Argon chromatograph with a ﬁnfay ionisation
detector. Colums were of glass (4' x 1Y) packed with Gas Chrom
z (70-80 mesh) coated with 5% Apiezon I grease (ApL). Normal
operating conditions were 210°C with a flow rate of 40m1 /min
(argon).

Free acids (<:C12 monobasic) were analysed, using the Pye

104, on a 20% Carbowax 20M phase impregnated with phosphoric acid.
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The support was acid-washed celite (80-~100 mesh) and the column
(5" x %“) was operated at 13500 with a carricr gas flow ratc of
50ml/min .

BEsters, as ether solutions (1%), were injected directly on
to the columns using a 1QM1 Hamilton syringe fitted with a long
needle (7.5cm)., Free acids, as ether solutions (1%), were
injected into a flash heater, held at 19000, using a 1QM1 Hamilton
syringe fitted with a shorter necdle (4.0cm).

Peak areas were estimated by multiplying peak height by peak
width at half height159 and retention times are reported as

carbon numbersl6oo

(4) Spectroscopic analyses.

(i) Infra red spectra (IR).

Rapid qualitative spectra were run on Perkin Elmer Infracords
137 and 237. More accurate spectra were recorded on a Perkin
Elmer 621 grating specirophotometer. Samples were run as thin
films on sodium chloride discs or as solutions (1%) in carbon
disulphide using lmm pathlength liquid cells with sodium chloride
windows.

When quoting IR spectra results, figures are usually given
only for absorptions additional to those normally observed in a

long chain methyl ester with no other functional groups.
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(ii) Ultra violet spectra (UV).

Ultra violet spectra were recorded in methanol solution on
a Unicam SP 800 spectrophotometer.

(iii) DNuclear magnetic resonance spectra (NMR).

Spectra were rccorded on 15% solutions in carbon tetra-
chloride, with tetramethylsilane as internal standard, using a
Perkin Elmer R10 spectrometer operating at GOMo/seo.

(iv)  Mass spectra (MS).

GLC/MS analyses were kindly carried out by Dr. Kelly of

Unilever Ltd.

(5) General chemical methods.

(i) Hydrogenation.

Hydrogenations were carried out in a hydrogen atmosphere for
one hour at room temperature in methanol or glacial acetic acid
solution using 10% palladium/charcoal (Pd/C) as catalyst. The
latter was removed by filtration and the material recovered by
evaporation of the solvent under vacuum. Yields were usually
high (> 90%). The following gives an indication of the relative
amounts used: sample (20mg), Pd/C (20mg) and solvent (5ml)j
sample (100mg), Pd/C (40mg) and solvent (10ml).

(ii) BEsterification.

Esterifications were carried out by refluxing for three

minutes with an excess of the boron trifluoride/methanol complex
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(128%) in methanollél. The reaction mixture was poured into

water saturated with sodium chloride and extracted with petrol.
Normally the boron trifluoride/methanol complex would be diluted
with ca. 5 volumes of methanol beforc use, e.g. sample (Smg),
boron trifluoride complex (1ml) and methanol (5ml); sample
(50mg), boron trifluoride complex (2ml) and methanol (10ml).

162

(iii) von Rudloff oxidation .

The pogition of unsaturated centres in esters was determined
by von Rudloff oxidation as described by Craig and Tullochl63-

Stock oxidising solution was prepared by dissolving potassium
periodate (22.4g, 0.0975mole) and potassium permanganate (0.4g,
0.0025mole) in one litre of water. The ester (5mg) was shaken
overnight with tert. butanol/water (5ml, 7:l), potassium carbonate
solution (1lml, 0.5%) and thc oxidising solution (2ml). Excess of
oxidiging agent was destroyed with sulphur dioxide, the solution
was basified with solid potassium hydroxide, and the solvent
removed under vacuume. The residue was acidified with sulphuric
acid (10%), saturated with sodium chloride and extracted with
ether (2 x 10ml). I'ree monobasic acids were analysed by GLC
after careful evaporation of the dried ether extracts under vacuum
at €30°C. After esterification with methanol (5ml) and boron
trifluéride/ﬁethanol (0.5ml), the esters were extracted from the
diJuted aqueous solution with petrol (2 x 10ml) and analysed by

GLC at the appropriate temperature.
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(iv) GChromic acid oxidation™ e

This technique was used to determine the position of oxo,
hydroxyl and cyclopropane groups in long-chain esters.

The hydrogenated ester (15mg) was dissolved in glacial acetic
acid (2ml) and stirred at room temperature for two hours with a
solution of chromium trioxide (120mg) in glacial acetic acid
(2ml). The reaction mixture was diluted with water (25ml),
excess oxidant destroyed with sulphur dioxide, and the products
extracted with petrol (2 x 10ml). After esterification with
methanol (5ml) and boron trifluoride/methanol (1lml) the esters
were extracted with petrol (2 x 10ml) and analysed by GLC.

82,165

(v) Beckmann rearrangement

This procedure wags used to determine positional oxo isomers
of aliphatic esters present in a hydrogenated mixture. It
involves reduction of olefinic centres, oximation, rearrangement
of the oximes to amides, followed by hydrolysis of the amides,
and is outlined below using hydrogenated Fraction B (2.3, p. 118).

Hydrogenated Fraction B (60mg) was refluxed in aqueous
ethanol (water/ethanol (1:4), 3ml) with hydroxylamine hydrochloride
(50mg) and fused sodium acetate (60mg). After four hours the
reaction mixture was diluted with water (25ml) and extracted with
ether (2 x 25ml)., The recovered oximes (60mg) were heated at
110°C for two hours with conc. sulphuric acid (2ml). Water (2ml)

was carefully added, through the condenser, %o the cooled acidic
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solution of the amides and the mixture refluxed for two hours.
After extraction and esterification ths recovered dibasic esters
were analysed by GLC.

This %total procedure will normally be referred to as the

oximation rearrangement throughout the experimental scctions.
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ACID-CATALYSED ISOMERISATION.

Isolation of methyl vernolate.

Vernonia anthelmintica seed oil (20g) was neutralised by

passage through a short alumina column (4" x 1" column, 100~120
mesh alumina, Type H, P. Spence and Sons Ltd.) using chloroform
(500ml) as solvent. Bvaporation of the chloroform yielded
neutralised oil (16.9g)-

Transesterification126.

Vernonia oil (16.9g) was shaken gently overnight with dry
methanolic sodium methoxide (220ml, 0.02N). The reaction mixture
was poured into water (750ml), carefully acidified (pH4) with
sulphuric acid (0.1N), and immediately extracted with ether
(3 x 250ml) to yield a yellow oil (13.4g, 80%).

TLC (PE40) indicated complete estorification.

Column chromatography

Mixed Vernonia esters (7.2g) were chromatographed on silica
gel (Whatman SG 31, 250g) eluting with gradually increasing pro-
portions of ether in petrol (250ml) and collecting 125ml fractions.

Bluted fractions were monitored by TLC and appropriate ones
combined. Methyl vernolate (2.9g) was eluted predominantly by

the PBE20 solvent®. It was over 98% pure (GLC and TLC) and

* TFor solvent abbreviation see p. 98-
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contained only traces of methyl oleate and linoleate. The ester

; ; o
wag stored as a solution in petrol at 0 C.

§ Isomerigation of methyl vernolate with boron trifluoride

66

etherate in refluxing dioxan .

Methyl vernolate (350mg, 1l.3mmole) was refluxed for three
hours in anhydrous dioxan (20ml) with boron trifluoride etherate
(0.25ml, 4.lmmole). The reaction mixture was diluted with water
(50m1) and extracted with ether (3 x 50ml). HBther extracts were
washed with water (3 x 10ml), dried over sodium sulphate and
evaporated under vacuum to yield a light brown oil (345mg, 90%)*.

The reaction product was analysed by GLC (Table 59 Do 21),
TLC (PE30) (p. 22), UV and IR.

The UV spectrum showed absorption at A max 225@H (Eifﬁ 94)

1%

ol 60), and the IR spectrum indicated absorp-

and A max 26711‘1/A (B
tions at 35950m—l (hydaroxyl), ZI.710c:m“:L (oxo), l685omml (con jugated
oxo) and 970cm'-1 (trans).

Separation by column chromatography. The reaction product

(320mg) was chromatographed on silica gel (Whatman SG¢ 31, 100g)

eluting with petrol/ether mixtures and collecting 100ml fractions.

* Hereafter, this recovery procedure is described as “worked

up in the usual way', etc.
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Eluted fractions were monitored by TLC(PE30) and combined as shown

in Table Bl. Elution was practically complete (315mg, 98%).

Table ©Ll.
Fraction  Solvent  Height (mg)

1 PE5 -

2 PE5 -

3 PE10 25 A, 3lmg, 10%
4 PE10 12%

5 PE20 34

6 PE20 134 B, 232mg, T4%
T PE40 58

8 PE40 a9

9 PEGO 6 } C, 29mg, 9%
10 PE6O 7

11 B 10 } D, 23ug, 7%

3k

This fraction was shown (TLC) to contain approximately equal
amounts of A and B and for the purpose of calculation it

has been equally divided between each.

Subsequent experiments gave the following resultss

Methyl Reaction Column
vernolate product recovery A B c D
330mg 320mg 31lmg 10% 69% 10% 11%
330mg 325mg 321lmg 9% 73% 9% 9%

300mg 294mg 288ng % 64% 16% 13%
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I Fraction D»

These esters showed O-H stretching in the IR spectrum
(35950m~1)o Fraction D (10mg) was hydrogenated in methanol (5ml)
solution in the presence of PAd/C (10mg). von Rudloff oxidation
was carried out on Fraction D (5mg) and on the hydrogenated
derivative (5mg). These gave the C,— and C,,~ dibasic acids

9 12

respectively which were recognised by GLC on DEGS and ApL columas.

1.2 Fraction A.

GLC analysis on both DEGS and ApL columns gave the resulis
summarised in Table 6 (p. 23).

The IR spectrum showed absorption at 945, 970 and 980cm-l,
indicative of complex cis,trans conjugation, and the UV spectrum
gave absorption expected from conjugated diene (\ max 233%M) and
conjugated triene chromophores (A max 257, 267 and 277%M)'

von Rudloff oxidation of A (3mg) gave C8~ and C9~ dibasgic
acids (GLC) and hydrogenation of A (5mg) gave methyl stearate
(cLe).

By prep. Ag'/TLC (BE1O), A (90mg) gave four poorly separated
sub~fractions Al (18mg), A2 (42mg), A3 (9mg) and A4 (6mg). Each

fraction had the carbon numbers (DEGS) shown in Table E2 (p. 109).




Fraction
(and % wt)
A

AL (24%)
A2 (56%)
A3 (12%)

A4 ( 8%)

20.8

20.8

21.3

21.3
213
21.3
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Table BE2.

Carbon number

21.7

—

1o
21.7

—

22 ol('tr)

-

22.1
22,1

23.2

23.2

23.7
23.7
23.7

Hydrazine reduction

1L

o

Aqueous hydrazine (0.5ml, 4%) and

glacial acetic acid (10mg) were added to A3 (8mg) dissolved in

methanol (3ml) and the solution heated at 50°C for six hours.

Air was bubbled through the solution continuously.

wag acidified and extracted with ether.

analysed by GLC (Table B3).

The solution

The products (Tmg) were

Ag*/TLC (PE15) of the reduced product gave five fractions

A3(1) -~ A3(V) (Table E3), von Rudloff oxidation of each band gave

no recognisable acidic fragments.

Iraction
A3 - -
A3(reduced) 18.0 18.6
A3(T) 18.0 -
A3(1II) 18.0 18.6
A3(III) ~ 18.8
A3(TIV) - 18.6
A3(V) - -

Table E3.

Carbon number (DEGS)

19

Ll

3 20,7

o 2l.4

21.1

21.1

-

—~—

L

21.8
21.8

21.6
21.6

22 13
22.3

22.3
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A similar reduction of methyl ol~eleostearate gave inter alia

c,t conjugated diene (20.5) and t,% conjugated diene (21.2) with

the carbon numbers (DEGS) indicated.

1.4 Traction B.

GLC results, before and after hydrogenation, are shown in
Table 7 (p. 24).

The IR spectrum had absorption bands at 1710, 1670, 1685 and
970omwl, and the UV spectrum showed absorption at A max 225%“
(Eii’m 100).

Fraction B was separated into a number of sub-~fractions by a
combination of prep. Ag+/TLC and prep. TLC respectively as follows:

Prep. Ag'/TLC (PE25) of B (120mg) gave an upper, BU (46mg),
and lower fraction, BL (52mg). Further prep. TLC (PE1O, two
developments) of BU (46mg) yielded BUL (23mg) and BU2 (20mg).

GLC (DEGS) showed these four fractions to contain the compounds

Bl, B2 and B3 as shown in Table Ii4,

Table E4.
BU BU1 BUZ BL
C.No % Area C.No % Area C.No % Area C.No % Area
Bl 24.8 28 24.8 A3 24.8 5 - -
B2 25.3 28 2543 53 25,3 2 25.3 100

B3  26.8 44 26.8 4 26.8 93 - -
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Reduction with sodium borohydridec. B (30mg) was stirred

with sodium borohydride (50mg) in methanol (10ml) for 30 minutes.
The solution was diluted with water and the product (25mg)
extracted with ether (2 x 20ml).

The product showed absorption at 35950m"1 (OH) in the IR
spectrum and gave carbon numbers of 25.7 and 26.3 on a DEGS column,

Component B3 (i.e. fraction BU2).

The UV spectrum showed strong absorption at A max 225QH

A
(Eiém 480) and the IR spectrum gave bands at 1670, 1685 and

97000 .

von Rudloff oxidation of B3 (4mg) gave a C,,- dibasic acid

(95%) and a 09— dibasic acid (5%). After hydrogenation this
component had carbon numbers of 24.9 on DEGS, and 19.4 (96%) and
18.8 (4%) on ApL. Chromic acid oxidation of the hydrogenated

ester (1Omg) gave essentially C,,- and C._ - dibasic acids (GLC).

11 12
101

Preparation of methyl 12-oxo-octadec—cig-9-enoate «» To

castor oil methyl esters (340mg) in glacial acetic acid (3.5ml)
was added, all at once, a solution of sodium dichromate (230mg),
conc. sulphuric acid (0.12ml), water (0.30ml) and glacial acetic
acid (2ml). After thirty seconds, the reaction mixture was
diluted with water (50ml), and extracted with ether (3 x 25ml).
The ether extracts, after washing with sodium carbonate solution
(2 x 10ml, 10%) and water (2 x 10ml), yielded a product (270mg)
from which methyl l2-oxo-oleate (120mg) was recovered by prep. TLC

(PE30).




-112~

220 9

boron trifluoride in refluxing dioxan. The oxo—-oleate (30mg,

O0.lmmole) was refluxed for three hours in anhydrous dioxan (5ml)
with boron trifluoride etherate (0.4ml, O.3mmole). The reaction
product (28mg) was isolated in the usual way. The oxo-—oleate
had carbon numbers 19.1 (ApL) before isomerisation and 19.1 (70%)
and 19.9 (30%) after isomerisation. This last (19.9) is the

carbon number of component B3.

2. Isomerisation of methyl vernolate with boron trifluoride

etherate in dioxan at room temperature.

Methyl vernolate (2.0g, 6.5mmole) was stirred overnight at
room temperature in anhydrous dioxan (lOOml) with boron trifluor-
ide etherate (0.4ml, 6.7mmole). The reaction product (1.98g),
extracted in the usual way, gave the GLC results shown in
Pable 8 (p. 27).

This product (1.80g) was chromatographed on silica gel (200g)
as described previously, to give the results shown in Table B5

(p- 113). Recovered material amounted to 1.74g (96%).

201 Fraction A.

GLC results are summarised in Table 9 (p. 28). The IR

spectrum showed complex cis,trans absorption as before (p. 108),
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and the UV spectrum indicated conjugated triene at Anmx 267%“
1% o8
(Elom 980},

Table E5.
Fraotion  Solvent  Woight (mg)

3 PE5

2 PE5

3 PE10

4 PE10 } 40 &
5 PEE20

6 PE20

T PRAO } 1463 B
8 PE40

9 PE60

10 PE60 _} e ¢
11 PRS0

12 PEGO

13 I 82 D
14 I

2.2 Fraction C.

This had carbon numberg of 27.6 and 27.9 on DEGS but showed
only very broad peaks on ApL. Absorption at 3590 and fLO'?Ocm—‘1
was observed in the IR spectrums.

Isomerisation of C with boron trifluoride etherate in

refluxing dioxan. Fraction C (32mg, O.lmmole) was refluxed for
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three hours in anhydrous dioxan (5ml) with boron trifluoride
etherate (0.4ml, O.3mmole). The reaction product (24mg) was
examined spectroscopically and chromatographically.

UV spectrums N\ max 230mp (E%Z’m 250), Amax 267m/,| (E]%Z’m 250)
(Fr. ¢ showed no UV absorption). The carbon numbers of Fraction
C, before and afiter re~treatment with boron trifluoride; were
as Tollowss

before 27.6, 27.9

DIEGS
after 209, 213y 21.8, 22.1, 22.65 23.3; 23.74 24.8;
2543y 2641, 2645, 2745
before -
ApL

after  18.6, 18.8, 19.1, 19.6, 20.7

The reaction produet (21lmg) was separated by prep. TLC (PE30)
into four fractionss A' (2mg), B' (8mg), d' (Tmg) and D' (1mg).
A’ had carbon numbers (DEGS) of 20.9, 21.3, 21.8, 22.1, 23.3 and
23.7, and B' had carbon numbers (DEGS) of 22.6, 24.8, 25.3, 26.1
and 26.5.

von Rudloff oxidation of A' (2mg) gave Co~ and C9~ dibasic
acids (GLC).

Removal of the hydroxy group from C. This was achieved by

hydrogenation, oxidation to an oxo ester, followed by sodium
borohydride reduction of its tosylhydrozone.

C (120mg) was smoothly hydrogenated and the product (110mg),
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in acetic acid (2ml), was stirred for one hour at room temperature
with chromium trioxide (100mg) dissolved in glacial acetic acid
(2ml). The oxo ester (55mg, oxo absorption at 17200m“1, carbon
numbers 24.5 (DEGS) and 19.1 (ApL) ) was isolated by prep. TLC
(PE30). Dissolved in methanol (10ml), this was refluxed for one
hour with tosylhydrazine (100mg) and methanol/sulphuric acid

(3mi, 3%) to give the tosylhydrazone (50mg) « Reduction with
sodium borohydride (200mg) in methanol (1Oml) converted the tosyl-
hydrazone to a product (30mg) which after purification by prep.
TLC (PE20) amounted to 12mg and proved to be methyl stearate

(CNo 18.0 on DEGS and ApL).

243 Fraction B.

GLC results are shown in Table 10 (p. 31). The IR spectrum
showed oxo stretching (l7100m~1).

Fraction B (400mg) was separated by prep. Ag' /TLC (PE25)
into five fractions, Bl (30mg), Bla (25mg), B2 (267mg) B2a (37mg)
and B4 (1llmg), with carbon numbers summarised in Table 11 (p. 32).

Re-chromatography (prep. Ag+/TLC (PE25) ) of the major sub-
fraction B2 (110mg) gave upper and lower fractions,B2U (44mg) and
B2L (4Tmg), which were shown to have identical carbon numbers

(25.3, DEGS and 19.1 ApL), The IR spectra of B2U and B2L showed

the following absorptions:
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B2U

UV (Amax, Eifm) 223m}x (30)

Bal

223@}1(150)

IR (cm“l) 1710 (oxo) 1710 (oxo), 1685 (conjugated

0x0),; 970 (trans)

B2 (25mg), B2U (25mg) and B2L (25mg) were each hydrogenated

in glacial acetic acid solution (5ml), Pa/C (20mg), and the

resulting products had the carbon numbers (DEGS) shown in Table E6.

Table EG.
B2 hydrogenated B2U hydrogenated
CNo  hArea  C.No % Arca
21.3 22 21.3 36
2146 6 21.6 2
22.2 4 24.9 62
22.7 2
24.9 66

B2L hydrogenated

C:No o Area
21.3 46
21.6 25
24.9 29

Alteration in B during &gﬁ/TLco Fraction B (20mg) was

chromatographed by direct TLC (PE30) to give unchanged B (19mg)

(TLC and GLC).

Fraction B (10mg) was separated into five fractions (see p.1lH)

by prep. Ag+/TLC (PE25)., Examination of each fraction by direct

TLC (PE30) showed Fractions B2, B2a and B4 to contain polar

impurities, of lower Rf than Fraction B, revealed as brown spots

when sprayed with aqueous potassium iodide solution (10%).

R G S )
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Preparation of methyl 9-oxo-octadec-cis-l2-enocate. A con-

centrate of methyl 9-acetoxyoctadec-cis~l2-enoatc was available
in the laboratory.

The acetoxy derivative (2g), refluxed for one hour with
sulphuric acid/methanol (50ml, 1%), yielded the 9-hydroxy ester
(1.008). The lattor (90mg) was oxidised to the 9-oxo derivative
(65mg) with chromium trioxide (100mg) in glacial acetic acid
solution.

Alteration of l2-oxo-octadec-cig~9—enoate during &§+/2é9'

The 9-oxo ester (10mg) and the 12-oxo ester (10mg) were chromato-
graphed separately by Ag+/TLC (PE25) and the recovered materials
re-examined by direct TLC (PE30). The recovered l1l2-oxo ester,
but not the 9-oxo isomer, contained polar impurities revealed as
brown spots with potassium iodide spray.

Component B2 (using Fraction B).

GLC results are described in Table 10 (p. 31) and the IR
spectrum showed absorption at 17locm_1.

von Rudloff oxidation of Fraction B (5mg) followed by GLC
(DEGS) gave a 09~ dibasic acid together with unchanged components
of carbon number 22.7, 24.8 and 25.6. Hydrogenation of B (100mg)
gave products (95mg) having the carbon numbers shown in Table BY

(p. 118).
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Table ET.

C.No (DEGS) b Area, C.No (ApL) % Area
22.7 tr 18.6 tr
24..9 100 18.8 }

19.2 £
19.4 92

Chromic acid oxidation of hydrogenated B (15mg) gave

predominantly C and C, .- dibasic acids with smaller

i 13
amounts of C7-, C8~ and 09~ dibasic acids. Oximation and Beck-
mann rearrangement of the hydrogenated products (60mg) yielded

C o™ (70%) and Cy 3~ (30%) @ivasic acids (GLC, DEGS and ApL).

Reaction of B with mercuric acetate. Stock reactant solut-

ion was prepared by allowing mercuric oxide (1.4g) to dissolve in
a solution of methanol (25ml), glacial acctic acid (0.3ml) and
water (1.0m1)83 .

Fraction B (100mg) was allowed to stand overnight at room
temperature with stock solution (2ml). The solvent was evap~
orated at <(30°C under reduced pressure and the residue extracted
with ether. Unreacted material (15mg), recovered by prep. TLC
(PE30), had carbon numbers (DEGS) 22.2 (2%), 22.7 (5%), 23.2 (tr),
24.8 (74%), 25.3 (9%) and 25.6 (10%).

Prep. Ag' /TLC (PE25) of the unreacted material (15mg) gave
three fractions, Bl (1Omg), Bla (lmg) and B2 (2mg), analysod by

GLC (DEGS) to give the results in Table E8 (p. 119).
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Repetition of these experiments yielded Bl (72mg) from

B (900mg) .
Table E8.
Bl Bla B2
G.No % Area C oNo % Ares, G.No % Area,
22.7 7 22,2 5 2543 100
24.8 80 23.2 3
25.6 13 24.8 51
25.3 at
2546 4

Component Bl.

Bl showed essentially two major peaks on DEGS (CoNo 22.7
(4%), 24.8 (80%) and 25.6 (16%) ) and ApL columns (C.No 18.6 (2%),
18.8 (81%) and 19.2 (17%) ). Its IR spectrum showed absorption
at 1710, 1020 and 30500m~1. GLC/MS showed the two major
constituents to be similar and the mass spectrum of one (25.6,
DEGS) is summarised in Table E9 (p. 120).

The NMR spectrum, in addition to absorptions expected of
methyl oxostearate, showed absorption at 9.7T (irans-cyclopropane)
and at 10.27T (cig-cyclopropane, small).

von Rudloff oxidation and hydrogenation gave unchanged Bl
(GLC, TLC) and reduction of Bl (10mg) with sodium borohydride
(20mg) in methanol (5ml) gave a reduced product (8mg) (25.7 and

26.4, DEGS3; IR spectrums 3,595om"1 (0H), 1020 and 30500m"1
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(cyclopropane) ) which ran on TLC (PE40) with methyl ricinoleate.
Chromic acid oxidation of Bl (15mg) gave (GLC) Cors Cg~ and 09—

dibasic acids (15%, 30% and 55% respectively) and C.~ and Ce

5
monobasic acids. The oxo group in Bl was converted to a methylene
group as described previously (p. 114). Bl (17mg) was refluxed
with tosylhydrazine (27mg) in methanol containing concentrated
sulphuric acid (éml, 1%). The recovered tosylhydrazones (32mg)
were refluxed overnight with sodium borohydride (100mg) in

methanol (10ml) to give a product which after purification by

prep. TLC (PE20) amounted to Smg. Its IR spectrum showed cyclo~-
propane absorptions (1020, 30500m-1) and GLC analysis gave the
carbon numbers 18.0 (80%), 18.6 (20%), and 17.4 (80%), 17.8 (20%)

on DEGS and ApL columns respectively.

nfe I mfe I m/e I nfe I m/e I
310 3 196 5 152 3 12t A7 109 T
295 3 195 1 151 3 k25 5 108 3
279 5 194 1 149 2 123 7 107 3
267 7 181 2 147 5 122 5 105 2
254 3 180 3 141 3 121 5 100 9
239 1 179 4 140 3 120 3 99 100
237 1 167 5 139 21 119 3 98 8
236 3 165 T 137 5 115 L 97 10
235 3 164 10 136 4 114 3 96 7
222 2 161 3 135 3 113 3 95 17
211 1 154 2 133 1 112 5 94 5
207 3 153 6 128 3 111 5 93 5

110 3 91 2
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Attempted conversion of methyl 9-oxo-octadec~l2-enocate to a

cyclopropane compound. The ester (30mg, O.lmmole) was refluxed

for three hours in anhydrous dioxan (5ml) with boron trifluoride
etherate (0.4ml, O.3mmole)., The product (28mg), extracted in the
usual way, was shown to be unchanged by GLC (25.4, DEGS), IR
(1710em™Y) and Agt/tLC (PE2S).

Synthesis of methyl 12-ox0-10,l1l-methylenecheptadecanocate.

A dried ethereal solution (250ml) of diazomethane (~2.8g) was
prepared from p-tolylsulphonylmethylnitrosamide (21.5g) by the
standard method166. Caproyl chloride was obtained from caproic
acid (15g) by reaction with thionyl chloride (30ml). Excess
thionyl chloride was removed at 3000 under vacuum and caproyl
chloride (12g) purified by vacuum distillation (55°C/10mm).
Methyl undecenocate was prepared by esterification of undecenoic
acid (20g) with boron trifluoride/methanol reagent (123%, 10ml)
in methanol (40ml). Passage through a Florisil column gave the
purified ester (18g). Cyclohexane was dried by distillation over
sodium wire, and powdered copper sulphate was heated in a muffle
oven at 200°C for four hours immediately prior to use.
Preparation of diazoketone. Caproyl chloride (2.8g, 0.021
mole) in anhydrous ether (50ml) was added gradually to a stirred
dry ethereal solution of diazomethane (250ml, 0.067mole). Tther

and excess diazomethane were removed under nitrogen and the resi-

due taken up in anhydrous petrol (100ml) and dried over sodium
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sulphate to yield diazoketone (2.8g).

Reaction of diazoketone with methyl undecenoate. Methyl
undecenoate (7.0g, 0.035mole) in cyclohexane (15ml) containing
anhydrous copper sulphate (1.5g) was heated to 87~9OOC with
stirring. To this was added, dropwise, over a period of four
hours, a solution of the diazoketone (2.8g, 0.020mole) and methyl
undecenoate (3.0g, 0.015mole) in cyclohexane (15ml). Thereafter
the solution was cooled, filtered and the cyclohexane removed
under vacuum to yield a yellow-green viscous residue (13.0g).

The oxocyclopropane ester was recovered from the reaction product
by prep. TLC (PE20).

The IR, NMR and GLC properties of this ester are summarised
in Table 12 (p. 40).

Chromic acid oxidation of the synthetic ester gave 08—, C9—
and C,,~ dibasic acids (gLc).

Sodium borohydride reduction of the ester (60mg) gave a
reduced product (55mg) which had a ocarbon number of 25.7 (DEGS)
and an IR spectrum showing hydroxyl (3595cm-1) and cyclopropane
(1020, 30500m~1) absorptions. The NMR spectrum also showed

distinctive cyclopropanc absorptions at 9.55¢¥ and 9.757 -

Chromic acid oxidation of Bl after 'de-ketonation'. Bl

(60mg), by reduction of its tosylhydrazone (p. 120), gave

"de~ketonated' product (17mg) which gave C7~, 08“ and 09— dibasic

acids (18%, 25% and 57%) and Ces C7~ and Cg— monobasic acids
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(GLC) when oxidised with chromic acid.

Chromic acid oxidation of methyl methylene-octadecanoates.

Three isomeric esters (15mg) were oxidised as previously described.
Each yielded three dibasic acids and three monobasic acids on GLC

as shown in Table R10.

Posgition of

methylene group Dibasic acid %A§£g§* Monobasic acid

"~ Oy 49 Cg
10,11 Cq 28 c,
08 23 CG
09 56 09
9,10 Gy 27 Cq
C7 < 07

08 61 ClO
8,9 c, 24 Cq
06 15 08

¥ These areas were determined on the dibasic acids only because

of recovery difficulties with the monobasic acids.

rno

~oxo—cisfg,;g~meﬁhg;ene~octadecanoat689.

AT EARAGARAY

Synthesis of 1
Methyl 12-oxo-cis—~9-enoate (850mg) was obtained by oxidation of

|

castor oil methyl esters (3.0g) as previously described (p. 111).
Preparation gfuzing/gogpgq_ngglg. zinc dust (2.0g) was

added to vigorously stirred, nearly boiling glacial acetic acid.
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After one minute oupric acetate monohydrate (0.4g) was added and
the mixture stirred for two minutes until the blue colour
disappeared. The hot supernatant liguid was decanted and the
couple thoroughly washed with glacial acetic acid (5 x 20ml) and

then with anhydrous ether (5 x 20ml).

Preparation of the cyclopropane derivative. To the zinc/
/copper couple in anhydrous ether (10ml) was added di-iodomethane
(4ml) and the 12-oxo ester (215mg) in ether (5ml), and the solution
refluxed overnight. The ether was then decanted and Washed with
cold dilute hydrochloric acid (10ml N, x 3) and water (3 x 1Oml).
Excess di-iodomethane was removed (after evaporation of ether) at
100°C under high vacuum (0.5mm). Prep. Ag'/TLC (PE25) yielded
pure oxocyclopropane ester (150mg).

Synthesis of 1l2-oxo-cig,trans-9,10-methylene-octadecanoate.

A mixture of castor oil methyl esters (2.16g) and nitric acid
(2ml, 50%) was stirred vigorously for fifteen minutes at 60°C with
a solution of sodium nitrite (iml, 15%). The partially elaidin-
ised product (1.86g) was oxidised to an oxo ester concentrate
(1.25g) by the procedure described previously (p. 111) and pure
12~o0xo ester (565mg) isolated by prop. TLC (PE30). This oxo
ester (260mg) yielded pure cis,trans oxocyclopropane derivative
(85mg) as described above.

Properties of synthetic cis and cis,trans oxocyclopropanes.

Both showed identical absorption at 17J_Oc:mml (oxo0), 1020 and
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3050c>m"1 (cyclopropane) in their IR spectra. In their NMR
spectra the cis isomer showed cyclopropanc absorption at 10.27% ,
and the cig,trans isomer indicated cyclopropanc protons at 9.7
and 10.2% . Their mass spectra werc also identicaly that of the
cis isomer is given in Table Ell. GLC analyses are shown in

mPable 14 (p. 44).

Table Ell.

m/e I nfe I m/e I m/e 1 m/e I
324 5 207 4 163 2 138 2 114 9
309 2 197 2 162 2 137 5 113 100
293 5 196 T 161 4 136 5 112 5
282 1 195 2 155 2 135 4 111 6
281 2 194 2 154 4 133 2 110 4
267 8 189 1 153 24 129 3 109 7
255 1 183 1 152 3 128 3 107 4
254 6 182 2 151 3 127 2 105 3
251 1 181 5 150 : 126 2 101 2
249 i 180 3 149 2 125 3 99 4
239 2 179 4 148 ;! 124 2 98 9
237 3 168 2 147 5 123 9 97 13
236 3 167 5 142 3 122 6 96 7
235 4 166 2 141 20 121 5 95 25
223 1 165 8 140 2 120 2 94 4
222 2 164 10 139 119 2 93 5

115 2 91 3

I represents the peak intensity relative to the base peak (113).
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Chromic acid oxidation of these esters (15mg) yielded C,—,
Cq~ and 09— dibasic acids (9%, 34% and 57% respectively), and s
and C7~ monobasic acids. The cis,trans oxocyclopropane isomer
(60mg), by reduction of its tosylhydrazone (p. 120), yielded a

desoxo derivative (20mg) which gave C7~, 08— and C,~ dibasic acids

9

(16%, 24% and 60%), and C,-, Cgq~ and C.~ monobasic acids, on
7 8 9

chromic acid oxidation.

Component Bla.

Fraction Bla, (25mg), obtained from prep. Ag+/TLC of Fraction
B, gave the regults shown in Table 15 (p. 45) on GLC analysis.
It, (25mg), was separated by prep. TLC (PE20, two developments)
into three sub~fractions: 81 (10mg), 52 (9mg) and S3 (3mg), which

were analysed by GLC (DEGS and ApL) to give the results in

Table E1l2.
Table E12.
Fraction C.No (ApL) C.No (DEGS)
Bla 18.5 18.8 19.1 19.5 22,3 23.2 24.8 25.3
S1 18.5 =~ -~ 19.5 22.3 23.2 - -~
S2 - - 19.1 - - - ~ 2543
S3 ~ 18.8 19.2 - - —-  24.8% -

* Component of carbon number 25.6 (ca. 5%) was also present.
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The IR spectrum of each fraction indicated 81 to contain
ether linkages (1055, 12150m~1), 32 to contain oxo (17100m~l) and
trans~unsaturation (9700m~1), and 83 to have both oxo (17100m“1)
and cyclopropane (1020, 3050cm~1) groups.

von Rudloff oxidation of 82 (5mg) gave a 09~ dibasic acid and
a component with carbon numbers of 15.2 (DEGS) and 10.3 (ApL).
Fraction 82, after hydrogenation, had carbon numbers 24.9 (DEGS)

and 19.4 (ApL).

3e Isomerigation of methyl vernolate with boron trifluoride in

benzene.

Isomerigation in refluxing benzene.

Methyl vernolate (100mg, 0.3mmole) wag refluxed for three
hours in anhydrous benzene (10ml) with boron trifluoride etherate
(0.6ml, 1.0mmole). The dark brown reaction product (90mg) gave
a continuous ‘'streak' from the origin on TLC (PE30), and showed
small ill-defined peaks on GLC (DEGS).

Isomerigsation in benzene at room temperature.

Methyl vernolate (l.14g, 3.7mmole) was allowed to react in
anhydrous benzene (50ml) for thirty minutes at room temperature
with boron trifluoride etherate (0.25ml, 4.2mmole). The reaction
product (1.09g, 96%) wag extracted in the usual way and analysed

by GLC (Table 16, p. 48).
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Column chromatographic separation of the reaction product
(1.00g) on silica gel (200g) gave the results shown in Table El3.

Recovered material amounted to 0.95g (95%).

Table El3.

Fraction Solvent Height (mg)
1 PE5 -
2 PE5
3 SE10 } 55 A, 6lmg, 6%
4 PELO 13%
5 PE20
6 PE20
7 PE40 ‘} 614 B, 620mg, 65%
8 PE40
9 PRGO
10 PEGO } 161 ¢, 181mg, 19%
11 PESO 48%
12 PESO
13 B 62 D, 90mg, 10%
14 B

* For the purpose of calculation, these fractions, shown by
TLC to be mixtures, have been distributed between the

relevant major fractions.

Fraction C showed absorption at 3595cm + (OH) and 1070cm *

(C~F) in its IR spectrum, and peaks on GLC of carbon number 27.6

and 27.9 (DBGS). IFraction D showed hydroxyl (3595cm~l) absorption.
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3.1 Traction A.

GLC results are shown in Table 17 (p. 49). TFraction A
showed absorption at 230 (Eifm 615), 257, 267 (Eifm 385) and 277mp
in the UV, and complex absorption in the IR at 990, 980, 958 and
942cm~1.

Prep. Ag’ /TLC (PE15) of A (45mg) gave ALl (19mg) and A2 (20mg),
having the carbon numbers shown in Table 19 (p. 50). Both
fractions showed complex absorption in their IR spectrum (Al: 989,
981, 9580m~1, and A2: 980, 958, 9420m~1) and in their UV spectrum
absorption was observed at 230%M9 and 257, 267 and 27713“°

Reaction with maleic anhydride. Traction A (10mg) in

benzene (3ml), wag refluxed for one hour with maleic anhydride
(20mg). The unreacted material (3mg), isolated by prep. TLC
(PE20), showed similar chromatographic (GLC, TLC, Ag+/TLC) and

spectroscopic (IR, UV) properties to Fraction A2.

362 Fraction B.

GLC results are given in Table 20 (p. 52). The IR spectrum
showed absorption at 1710, 1020 and 30500m~1, and its NMR spectrum
indicated cig (10.27 ) and trans (9.7TF ) cyclopropane isomers.

Fraction B (100mg) was hydrogenated in methanol (10ml) with
Pd/C (40mg) to give hydrogenated product (95mg) (24.9 and 25.6,
DEGSs 18.8, 19.2 and 19.4, ApL) which on oxidation with chromic

acid gave C7~, Cg~ and C9~ dibasic acids (19%, 44% and 37%), and
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C12~ and 013— dibasic acids. Oximation and Beckmann rearrangement

of hydrogenated B (50mg) gave C9u and C,.~ dibasic acids (10%

13
and 90%) «
Prep. Ag /TLC (PE25) of Fraction B (90mg) gave Bl (36mg),

Bla (19mg) and B2 (29mg) of GLC composition shown in Table El4.

Table El4.

Bl Bla B2
C,No (DEGS) % Area C.No (DEGS) % Area C.No (DEGS) % Area
24.8 50 24.8 34 2543 100
25.6 50 25.3 48
25.6 18

Component Bl.

Except for the different ratio (GLC, NMR) of the two cyclo~
propane isomers (cis and trans) this fraction was similar,
spectroscopically and chromatographically, to Fraction Bl from
the dioxan isomerisation (p. 119).

Component B2.

This component showed oxo absorption (l7locm-l) in the IR
spectrum and had carbon numbers of 25.3 (DEGS) and 19.0 (ApL).
It was hydrogenated to a component (24.9, DEGS; 19.4, ApL) which
gave 012~ and Cl3~ dibasic acids as major fragments when oxidised
with chromic acid. von Rudloff oxidation gave a C9~ dibasic acid
and a component (15.2, DEGS; 10.3, ApL) corresponding to

methyl 4-~oxononanoate.
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Component Bla. )

This fraction showed absorption in its IR specirum at
17100m~1 (oxo0), 1020 and 30500m*l (cyclopropane) and 9650m_1
(trans), and gave peaks of carbon number 24.8, 25.3, 25.6 (DEGS)
and 18.8, 19.1, 19.2 (ApL). Hydrogenation of Bla gave unchanged
cyclopropane esters (24.8 and 25.6, DEGS; 18.8 and 19.2, ApL) and
an oxostearate (24.9, DEGS; 19.4, ApL). von Rudloff oxidation

gave a C.~ dibasic acid, a component corresponding to a 4-~oxo-

9
nonanoic acid, and unchanged oxocyclopropane esters.
The mass spectrum of the irans-cyclopropane isomer (18.8.

ApLs 24.8, DEGS) is tabulated below (Table E15).

E@ble El5.

m/e I m/e L nfe 1L n/e I n/e I
310 11 207 5 158 5 136 5 111 34
295 8 200 5 157 8 135 16 110 47
279 13 195 5 155 5 130 8 109 18
268 5 193 5 154 5 127 11 108 13
263 3 186 8 153 37 126 16 107 21
254 3 185 68 152 D 25 91 99 3F
253 5 182 11 151 5 124 5 98 26
239 3 181 58 150 5 123 11 97 100
237 3 179 5 143 16 122 5 96 13
225 18 169 11 142 5 121 5 95 26
223 3 168 42 140 13 115 11 94 8
221 3 167 o] 139 13 113 5 93 13

213 5§ 164 5 137 5 112 11




~132%=

S+ Isomerisation of methyl 12,13-epoxystearate with boron

trifluoride in dioxan and in benzene.

Preparation of methyl 12,13-~epoxystearate. Methyl octadec—
12-enoate (350mg, l.2mmole) (kindly supplied by Dr. T.A. Ismail)
was converted to its epoxide by reaction overnight at room temp-
erature with an ethereal solution of monoperphthalic acid (5ml,
2.2mmole). The epoxy ester (320mg), isolated by prep. TLC (PE30)
of the reaction mixture, had carbon numbers of 24.0 (DEGS) and
19.3 (ApL).

Isomerisation in dioxan.

Methyl 12,13-epoxystearate (125mg, 0.40mmole) was stirred
overnight at room temperature in anhydrous dioxan (10ml) with
boron trifluoride etherate (0.25ml, 0.42mmole). The product
(120mg) showed one peak on GLC (24.9, DEGS; 19.4, ApL), and three
spots on TLC (PE30). Prep. TLC (PE30) of this product (105mg)
gave B (8lmg, 81%), C (1lOmg, 10%) and D (8mg, 8%).

Fraction B. GLC analysis indicated one component (24.9,

DEGSs 19.4, ApL) and the IR spectrum indicated oxo absorption
(17100m—l). Oximation and Beckmann rearrangement of Fraction B
(40mg) gave Cip= and C)y~ dibasic acids (51% and 49%).

Fraction G. I%s IR spectrum indicated hydroxyl (3595cm™Y)

and a C-F absorption (107Ocm~1), GLC analysis showed one

component (27.5, DEGS).
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Fraction D. The IR spectrum indicated the presence of a

hydroxyl group (35950m~l).

Isomerisation in benzene.

Methyl 12,13-epoxystearate (125mg, 0.40mmole) in anhydrous
benzene (10ml) wag allowed to react at room temperature for thirty
minutes with boron trifluoride etherate (0.25ml, O.42mmole). The
extracted product (115mg) showed only one peak on GLC (27.5, DEGS),
and on TLC (PE30) it gave a streak from the origin up to an Rf
value corresponding to a monohydroxy ester. Its IR spectrum
showed absorption at 35950m—l (hydroxy) and ZI.O’ZOcm"l (c-F).

Isomerigation in benzene with one fifth equiv boron trifluoride.

The epoxystearate (3lmg, 0.lOmmole) was stirred at room
temperature for fifteen minutes in anhydrous benzene (5m1) with
boron trifluoride etherate (0.25ml, 0.02mmole). The reaction
product (28mg) gave two peaks (GLC) of carbon numbers 24.0 and
27.5 (DEGS), and on TLC (PE30) showed one spot with Rf value of
the original epoxy ester along with a streak from the origin to an
Rf value corresponding to a monohydroxy ester.

Attempted isomerisation of 2(19)~oxostearates with boron tri-

fluoride in bengene.

Oxo esters (3lmg, O.lmmole) were stirred at room temperature
for thirty minutes in anhydrous benzene (5ml) with boron trifluor-—
ide etherate (0.5ml, O.lmmole). The reaction product (30mg) was

unchanged oxo ester (GLC (24.9, DEGS; 19.4, ApL) and TLC (PE30) ).
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é. Isomerisation of 9,l0-epoxystearate in dioxan and benzene.

This oxo ester gave identical results to those obtained with

the 12,l3-epoxystearate.

7. Isomerisation of 9,l0-epoxyoctadec—~l2-ynoate in dioxan and

benzene.

Methyl 9,10-epoxyoctadec~l2~ynoate was prepared by epoxid-
ation of Afzelia cuanzensig methyl esters and isolated by prep.

Agt/TL0 (p. 149).

Isomerisation in dioxan.

The epoxy ester (100mg, O.3mmole) was treated overnight at
room temperature in anhydrous dioxan (lOml) with boron trifluoride
(0.7ml, O.3mmole). The reaction product (100mg) isolated in the
usual way gave no peaks on GLC (DEGS and ApL). The IR spectrum
indicated oxo absorption (l7200m~1) and no absorption was observed
in the UV spectrum. Prep. TLC (PE30) of this product (100mg)
gave B (8lmg, 8%), C (Tmg, 8%) and D (3mg, 3%).

Fraction B. The IR spectrum had an absorption band at

17200mm1 (oxo). No peaks were observed on GLC but after hydrog-
enation, GLC showed one component (24.9, DEGS; 19.4, ApL).
Oximation and Beckmann rearrangement of hydrogenated B (40mg) gave

C9~ and C,,~ dibasic acids (5% and 95%) respectively.
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Sodium borohydride reduction of Fraction B (10mg) yielded
product BR (8mg) which, as its TMS derivative, showed one
component of carbon number 21.4 (DEGS). Hydrogenation of BR (4mg)
followed by GLC of its TMS derivative again showed one component

of carbon number 19.8 (DEGS).

Fraction C. This showed no significant absorption in the

UV sgpectrum.

Isomerisation iﬁ benzene.

The epoxyacetylenic ester (20mg) treated with one equivalent
of boron trifluoride etherate in the usual way, gave polymeric

material (TLC) and no identifiable components (GLC).
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BASE~CATALYSED ISOMERISATION .

Attempted isomerisation of methyl vernolate with (2) potassium

methoxide and (b) potassium ethoxide.

(a) Methyl vernolate (100mg, O.3mmole) was stirred over—
night with potassium methoxide (210mg, 3.0mmole) in anhydrous
methanol (1Oml). An aligquot (lml) was taken and the remaining
solution was refluxed, Pfurther aliquots (1ml) being taken after
fifteen minutes, thirty minutes and sixty minutes. Bach aliguot
was diluted with water and extracted with ether. The ether
extracts were washed with dilute hydrochloric acid, water, and
dried over sodium sulphate. The recovered regidues were each
quentitatively diluted (50ml) with methanol and examined in the
ultra violet but no absorption was observed at 225-235gu.

(b) Methyl vernolate (100mg, O.3mmole) was treated as above
with potassium ethoxide (250mg, 3.0mmole) in anhydrous ethanol
(10ml). Again no UV absorption was apparent.

(e) Similar experiments in anhydrous dioxan also gave

products with no UV absorption.

Attempted isomerisation of methyl vernolate with potassium tert.

butoxide in tert. butanol/dimethylformamide mixture.

A stock solution of potassium tert. butoxide was prepared by
dissolving the tert. butoxide (540mg, Smmole) in tert. butanol

(10ml1).
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To methyl vernolate (22mg, 0.07mmole), dissolved in dimethyl-
formamide (5ml), was added stock tert. butoxide solution (1ml,
O0.5mmole) and the solution stirred at room temperature for one
hour. An aliguot (I1ml) was withdrawn and the remaining solution
was heated at YOOC for one hour when a further aliquot (1lml) was
removed. After acidification and ether extraction, each product
was examined in the ultra violet.

A control experiment was carried cut simultaneously on methyl
linoleate (22mg).

A\ max 233mu (Ellz’m) X max 233mp (Ei’fm)

room temperature 7000
Linoleate 100 250
Vernolate - 30

Isomerisation of methyl vernolate with potassium tert. butoxide in

dimethylsulphoxide.

Dimethylsulphoxide (DMSO) was dried over and distilled
(70°C/10mm) from calcium hydride pellets.

Methyl wvernolate (175mg, 0.56mmole) was stirred with potassium
tert. butoxide (112mg, 1.00mmole) in anhydrous DMSO (10ml) for
three days at room temperaturs. The reaction mixture was then
poured into water and extracted with ether to give product (35mg) «
Acidification of the aqueous layers and extraction with ether
yielded a further product (123mg). Both showed low absorption at

1%
233m}4(E1 om 100).
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Attempted isomerisation of methyl vernolate with potassium tert.

butoxide in (a) dimethylformamide, (b) dioxan and (c) benzene.

Methyl vernolate (31lmg, O.lmmole) was stirred overnight in
anhydrous dimethylformamide (dioxan, benzene) (5ml) with potassium
tert. butoxide (l2mg, O.lmmole). After acidification and
extraction with ether the product was examined in the ultra violet

but in no case was there significant absorption around 233@V.

Rearrangement of methyl vernolate with lithium diethylamide.

Preparation of lithium diethylamide.

Bromobenzene was dried over calcium chloride and purified by
distillation (45°C/lOmm). Diethylamine was distilled from
potassium hydroxide pellets. All reactions were carried out in
dry apparatus in a nitrogen atmosphere and were stirred
magnetically.

Bromobenzene (2.86g, 0.0175mole) in anhydrous ether (20ml)
was added to a stirred mixture of lithium (0.28g, 0.04g atom, in
small pieces) in anhydrous ether (20ml) at such a rate as to
maintain refluxe. The resulting solution of phenyllithium was
filtered through glass wool and the filtrate diluted to 100ml with
anhydrous ether. To this solution (90ml, 0.015mole), cooled to
0°C, diethylamime (1.12g, 0.015mole) in anhydrous ether (10ml),

was added, dropwise, over fifteen minutes.
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Rearrancement.

Methyl vernolate (1l.2g, 0.004mole) in anhydrous ether (20ml)
was added to a solution of lithium diethylamide (lOOml, 0.015mole)
at 0°¢. The ice-bath was then removed and the solution refluxed
for eight hours. The resulting mixture, diluted with water and
extracted with ether, yielded a yellow oil (1.3g) which was
examined in the ultra violet and by GLC.

Its UV spectrum showed strong absorption at )\max 233@p

(w2

. . o 1% :
il 7183 a duplicate experiment gave B om 701). GLC analysis

(DEGS) showed several components of carbon number 22.9, 23.3,
23¢7y 24.4 and 28.0, in addition to several peaks of carbon number
2190

A blank experiment, without vernolate, showed the components
of carbon number < 19.0, 22.9 and 24.4 to be artefacts from the
lithium diethylamide preparation.

Prep. TLC (PE45) of the reaction product (375mg) yielded
eight fractions in the following proportions: A (9mg, 3%),
B (106mg, 30%), C (12mg, 3%), D (20mg, 6%), E (16mg, 4%), F (45ug,
13%), G (30mg, 8%) and H (120mg, 34%). The major fractions B and
H were examined by GLC, TLC and UV.

Praction B.

GLC (DEGS) analysis showed five components of carbon number
22.9, 23.3; 23.7, 24.4 and 28.0. Its IR spectrum showed absorp-

tion at 3595, 1730, 9860 and 945cm"1, and in the UV spectrum it
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gave a strong maximum at 233HV{(Eifm 836) .

Prep. Ag /TLC (PE25) of B (90mg) yielded two bands, Bl (5mg,
6%) and B2 (80mg, 94%), analysed by GLC (DEGS) to give components
of carbon number 22.9 and 24.4, and 23.3, 23.7 and 28.0
respectively.

Fraction H.

No peaks were observed on GLC (DEGS). The IR spectrum
showed absorption at 3595, 3400 (broad absorption), 1630, 980 and
94.5c:m‘_1 but none at l7300m_1. Its UV spectrum gave a strong
maximum at 233@H (Eiéﬁ 809). The NMR spectrum showed a quartet

at 6.5-6.97

N,N-diethylstearamide. Stearoyl chloride (500mg) was

prepared by reaction of thionyl chloride with stearic acid, and
diethylamine (5ml) was carefully added. After sixteen hours at
room temperature, excess diethylamine was removed under vacuum and
the product (400mg) purified by prep. TLC (PE50). Its IR
spectrum showed absorption at 16300m—l, and in its NMR spcctrum a
characteristic quartet was observed at 6.5~6.97 .

Reaction of methyl stearate with lithium diethylamide.

Methyl stearate (400mg) in anhydrous ether (10ml) was added to
lithium diethylamide (50ml, 0.008mole) at 0°C and the resulting
mixture refluxed for eight hours. The product (440mg) was
separated by prep. TLC (PE40) into several fractions, and the one

with the lowest Rf value (60mg, 15% (based on original methyl
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stearate) ) was shown by ite IR and NMR spectra to be identical

to authentic N,N diethylstearamide.

Optimum reaction conditions for rearrangement.

Methyl vernolate (l.2g, 0.004mole) was allowed to react with
lithium diethylamide reagent (0.015mole) at 0°C in anhydrous ether
(70ml). Aliquots (10ml) were withdrawn after fifteen, thirty and
sixty minutes, and after refluxing for a further two hours. The
aliquots, extracted in the usual way, were analysed by GLC (DEGS)
and TLC.

After sixty minutes at 0°C the methyl vermolate (24.6, DEGS)
had almost completely reacted and there were three new components
of carbon number (DEGS) 23.3, 23.7 and 28.0 together with those of
carbon number < 19.0. The two artefacts (22.9, 24.4, DEGS) were
now present in only trace amounts. TLC (PE45) of this reaction
product showed two main fractions corresponding to the previous
fractions B and H.

: ¢ A 5 o
Preparative isomerisation at 0 °C.

Lithium diethylamide (0.015mole) in anhydrous ether (40ml),

prepared from stock phenyllithium solution* (20ml, 0.015mole) and

* It was found more convenient to prepare a stock ether solution
(100ml) of phenyllithium (0.075mole) and use aliquots to
prepare the diethylamide reagent immediately prior to use.
This stock solution was stored at 0°C under nitrogen and was
still satisfactory at the end of a month.
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diethylamine (1.12g, 0.015mole) in anhydrous ether (20ml), was
allowed to react with methyl vernolate (1.26g, 0.004mole) in
anhydrous ether (20ml) for one hour at 0°c. Ether extraction
yielded a yellow oil (1.36g).

Prep. TLC (BE25) of the reaction product (250mg) gave six
fractions: A' (10mg, 4%), B* (1lOmg, 4%), ¢t (1l44mg, 63%), D' {1Omg,
4%), Bt (15mg, 6%) and F* (44mg, 19%). Fractions A' (< 19.0,
DEGS) and D' (22.9, 24.4, DEGS) were of non-lipid origin (p. 139)
and Fraction B! was epoxyoleate (24.6, DEGS). Fraction E' is
probably the diethylamide of methyl vernolate. Fractions C' and
F' were equivalent to previous Fractions B and H respectively.

Structure of the hydroxydiene ester (Fraction C').

GLC analysis indicated three components (23.3, 23.7 and 28.0,
DEGS) in this fraction. It showed absorption at 3595, 1730, 980
and 9450m~1 in its IR spectrum, and a strong absorption at 233@H
(Eifg 850) in its UV spectrum. The NMR spectrum gave the
information shown in Table E16 (pe. 143).

Hydrogenated, in acetic acid solution using Pd/C (15mg), the
hydroxy ester (16mg) gave a mixture (15mg) of oxo=- (24.9, DEGS)
and hydroxystearate (25.9, DEGS). Chromic acid oxidation of the
hydrogenated product (15mg) gave C,p~ and Cy3~ dibasioc acids
(onc).

von Rudloff oxidation of the unsaturated hydroxy ester (5mg)

yielded the C,- dibasic acid (GLC).

9
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Table F1G.

No. of
Assignment Appearance nlilﬁigﬂi protons
QEB' terminal irregular triplet 9.1 3
CEZ’ in chain broad peak 8.65 18
OC_I_-I_3 singlet 6.4 3
C§2.COOCH3‘
C§2.CH= multiplet TeT~8.1 5
O
CHOH apparent doublet 6.0 1
(qg:og)z multiplet 3e3~449

Dehydration of the ester (12mg) was effected by boiling with
methanolic hydrogen chloride (10m1, 0.1N) for one hour. The
product showed only conjugated triene absorption (257, 267 and
277gp), and furnished Cg- and Cy- dibasic acids when oxidised

under von Rudloff conditions.

Partial reduction by di-imide. Potassium azodicarboxylate

was prepared from azoformamide (10g) by stirring in an ice-cooled
vessel with potassium hydroxide solution (25ml, 50%). The
crystals were filtered off under nitrogen atmosphere, dissolved
in water at OOC, and refiltered into ethanol (5 volumes) at 07¢.
This gave a yellow precipitate which was washed with methanol and
dried in a vacuum desiccator over concentrated sulphuric acid.
Diene ester (105mg) was stirred with potassium azodicarboxylate

(1.8g) in dry methanol (9ml) during dropwise addition over one hour
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of a mixture of methanol, acetic acid and water (em1, TsYsl)s

The mixture was diluted with water and the product (lOOmg)
thoroughly extracted with ether. It (80mg) was separated by
prep. Ag'/TLC (BE25) into saturated hydroxy ester (1Omg), irans
monoene (9mg), original diene (4lmg) and cis monoene (16mg). von

Rudloff oxidation of the cis monoene gave a C,— dibasic acids the

9

— dibasic acid (95%) along with a 09~

trans isomer gave a Cll

dibasic acid (5%).

Isolation of authentic methyl coriolate.

Coriaria myftifolia seeds (l.14g) were thoroughly ground in a

mortar and the oil (204mg, 20%) extracted by petrol (six hours).
The oil (lOmg) was converted to methyl esters by reaction at room
temperature overnight with sodium methoxide in anhydrous methanol
(5ml, 0.1%). Methyl coriolate, isolated by TLC (PE40), gave

peaks of carbon number 23.3, 23.7 and 28.0 (DEGS).

Preparation of methyl l3~hydroxyoctadeca~trans-9,trans~ll~dienoate.

The cis,trans diene ester (160mg) dissolved in iodine/oarbon
disulphide solution (5ml, 30mg%h), was placed under a 100 watt
light bulb for two hours with occasional shaking. The recovered
product (150mg) was separated by prep. Ag+/TLC (BE25, two develop-
ments) into an upper (60mg, 57%) and a lower band (45mg, 43%):
the latter ran with the same Rf value as the original c¢,t hydroxy

ester. Additional bands of much higher Rf value were also
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observed but these were neither isolated nor characterised.

The upper band. GQLC analysis (DEGS) of this fraction, as

its TMS derivative, indicated two components of carbon number 20.7
(5%) and 21.6 (95%). The TMS derivative of the original cis,irans
hydroxy ester had a carbon number of 20.7 (DEGS). Its IR spectrum
showed absorption at 3595, 1710, 982 and a very weak absorption at
9450m~1, and in the UV spectrum it gave a strong absorption at
231my (Eifm 980). The NMR spectrum was similar to that obtained
with the hydroxy Cis,trans isomer except that the complex multiplet
due to the conjugated olefinic protons extended only from 3.7-4.87T
and ‘n this multiplet one major absorption was apparent at 4.17 .
An authentic sample of methyl dimorphecolate obtained from

Dimorphotheca pluvialis ringens (p. 159) had an identical spectrum.

The lower band. This fraction ran on Ag'/TLC (PE25) with a

similar Rf value to the original cis,trans ester, GLC analysis
(DEGS) of its TMS derivative indicated two components of carbon
number 20.7 (90%) and 21.6 (10%). Its IR spectrum showed absorp-—
tion at 3595, 1730, 980 and 9450m“1; the intensity of absorption

at 9800m-1 being slightly greater than that at 945cm-1.

Preparation of methyl 13-oxo-octadeca-9,ll-diencates.

Chromium trioxide (400mg) was slowly stirred into pyridine
(4ml) until the yellow complex precipitated. After addition of

the hydroxydiene ester (320mg) in pyridine (2ml), +the slurry was
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stirred overnight. Ice~water was then added and the product
(256mg) recovered by ether extraction. TLC (PE40) indicated
complete oxidation of the hydroxy ester and GLC (ApL) showed a
ma.jor peak of carbon number 20.1 (98%) accompanied by a minor peak
of carbon number 21.0 (2%). The IR spectrum showed the presence
of a conjugated dienone (1730, 1680, 1660, 1630 and 158Ocm~1) with
oig,trans configuration (990 and 952cm_1), and the UV spectrum
contained an absorption maximum at 275@M‘ When acid was used in
the recovery of the product the minor peak (21.0, ApL) was slightly
larger (ca. 5-10%). A change in the relative proportions of the
two components was also observed (in one experiment) after prep.
TLC (PE40); +the minor component (21.0, ApL) then amounted o
nearly 50% of the mixture.

When the cis,trans dienone (120mg) was isomerised with iodine
in carbon disulphide, the product (105mg) showed the same two
peaks of carbon number 20.1 (now only 10%) and 21.0 (now 90%).

From its IR spectrum the product was mainly the trans,trans isomer

(9930m‘1) of a conjugated dienone (1730, 1680, 1660, 1630 and
15800m 1),  Attempted prep. Ag'/TLC (BE20 and PE25, 2 developments
in each solvent) gave no separation of the two components.

The all trans dienone was better prepared by chromium
trioxide/pyridine (100mg in 2ml) oxidation of the 13-hydroxy

trans,trans diene ester (60mg) in pyridine (2ml). The recovered

product (4lmg) contained no unreacted hydroxy ester (TLC, PE40)
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and was mainly the component of carbon number 21.0 (96%) together
with that of carbon number 20.6 (4%). Its IR spectrum was as

described above and its NMR spectrum is described below.

No. of

Asgignment Appearance Y value protons
C§3, terminal irregular triplet 9.1 3
C§2, in chain broad peak 8.65 16
OCH, singlet 6.4 3
CH,, +C00CH,, )
CH,, +CO miltiplet 704~8.0 6
CH,, «CH3

multiplet 3¢T~4.2 3
(CH:CH), { multiplet 2. T=3.2 g

In these respects (GLC, IR and NMR) the ester was identical

with authentic methyl 9-oxo-octadeca-~trans-10,trans-l2-dienocate

isolated from Dimorphotheca pluvialis ringens seed oil (p. 159).

Attempted rearrangement of methyl 9,10-epoxystearate and mono~

epoxidised methyl ximenynate.

A stock solution of monoperphthalic acid in ether (500ml

containing 0.22mole peracid), prepared by the standard prodedure167,
was stored at 0°C over anhydrous sodium sulphate.

Olive oil methyl esters (942mg, 3.lmmole) were epoxidised by
reaction overnight at room temperature with stock peracid solution

(20m1, 8.8mmole). The reaction mixture was poured into aqueous
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alkali (15%) and extracted with ether. Methyl 9,10-epoxystearate
(500mg) (24.0, DEGS) was isolated from the reaction product (760mg)
by prep. TLC (PE30).

Methyl ximenynate (570mg, 2.0mmole) was reacted overnight at
room temperature with stock peracid solution (10ml, 4.4mmole).
The reaction mixture, separated directly by prep. TLC (PE30),
yielded monoepoxidised methyl ximenynate (240mg) and unchanged
methyl ximenynate (240mg).

Bage~catalysed rearrangement.¥

In a nitrogen atmosphere, diethylamine (0.4ml) in anhydrous
ether (10ml) was slowly added, dropwise, to an ice-cold solution
of stock phenyllithium (5ml) (p. 141) in anhydrous ether (10ml).
After ten minutes the epoxy ester ($S250mg), dissolved in anhydrous
ether (10ml), was added and the whole stirred at 0°C for one hour.
The reaction product was recovered by ether extraction.

Rearrangement of methyl 9,10-epoxystearate (180mg) gave a
product (202mg) which was shown by GLC (24.0, DEGS) and TLC (PE30)
to be mostly unchanged epoxystearate.

Similarly, moncepoxidised ximenynate (200mg) yielded a
product (215mg) which was predominantly unreacted epoxy ester

(GLC: broad peak centred at 26.2, DEGS),

* All bVase-~catalysed reactions on epoxy esters (L250mg)
described hereafter will be carried out using these conditions

unless otherwise stated.
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Partial synthesis of racemic methyl ol-dimorphecolate.

Methyl lincleate (422mg, l.4mmole) was treated overnight with
peracid solution (4ml, 1.8mmole). Prep. TLC (PE30) of the
reaction mixture yielded a monoepoxy fraction* (220mg).

Base—catalysed isomerisation (p. 148) of the monoepoxide
(220mg) yielded a product (233mg) from which hydroxydiene esters¥
(120mg) were separated by prep. TLC (BE25). The hydroxydiene
fraction (100mg) was further separated by prep. TLC (PE25, two
developments) into an upper (44mg) and a lower band (49mg). Both
fractions showed the characteristic IR, UV and NMR spectra of a
hydroxydiene ester with cis,trans conjugated unsaturation (ps 142)
and both (5mg, each) were dehydrated when boiled for one hour with
methanolic hydrogen chloride (5ml, 0.1N).

The upper fraction (20mg) was hydrogenated in acetic acid
(5ml), using Pd/C (20mg) as catalyst, to a mixture of hydroxy— and
oxostearates (GLC). These were oxidised by chromic acid to give
012- and 013~ dibasic acids; the lower fraction after hydrogen-
ation gave predominantly C8~ and 09- dibasic acids. von Rudloff

oxidation of each fraction yielded the C.-~ dibasic acid.

9

Partial synthesis of racemic methyl helenynolate.

Afzelia cuangzensis seed oil (2.36g) was refluxed for fifteen

* Prep. TLC showed this fraction to consist of two components

in approximately equal amounts.




minutes with sodium methoxide in methanol (25ml, 0.I1N). The

acidified reaoction mixture was extracted with petrol to yield
methyl esters (2.28g) which contained methyl crepenynate (40%,
21.6, DEGS). Ag /TLC (PE25) of the methyl esters gave five
fractions, shown by GLC to be saturates, monoenoates, dehydro-
crepenynate (22.4, DEGS), crepenynate and linoleate respectively.
Methyl crepenynate (285mg) containing a trace of methyl linoleate
(3%, GLC) was isolated by prep. Ag+/TLC (PE25).

Methyl crepenynate (285mg, lmmole) was monoepoxidised by
reaction overnight at room temperature with stock peracid solution
(5ml, 2.2mmole). The reaction product was separated b& prep. TLC
(PE30) into monoepoxidised crepenynate (202ag) (26.0, Dias),
unchanged crcpenynate (24mg) and a diepoxy fraction (IOmg).

It was later found more convenient to treat the Afzelia
esters directly with a ten~fold excess of peracid. Prep. TLC
(PE30) of the reaction mixture then yielded a fraction containing
only monoepoxidised methyl crepenynate (26.0, DEGS) and epoxy-
stearate (24.0, DEGS) . Further separation of this mixture by
prep. Ag+/TLC gave pure monoepoxidised crepenynate as the lower
band. By this means, Afzelia esters (1.0g) yielded monoepoxidised
crepenynate (240mg).

Isomerisation (p. 148) of monoepoxidised crepenynate (250mg)
vielded a reaction product (270mg) separated by prep. TLC (BE25)

into four main fractions: Cl (20mg, 9%), C2 (120mg, 53%),




~151~

C3 (28mg, 12%) and C4 (60mg, 26%); a band (absarbing under UV
light) of Rf value higher than that of Cl was discounted in these
calculations.

Fraction Cl contained a major component of carbon number 26.0
(DEGS) and Fractions €3 and C4 were presumed to be diethylamides
(their IR spectra showed strong absorption at 16300m‘1).

The major Fraction C2.

Compared with methyl 9-hydroxyoctadeca~trans-10,cig—12-

dienocate, Fraction C2 had a slightly lower Rf value on TLC (PE40)
but a higher value on Ag' /TLC (BE25). It had absorption bands atb
3595, 1730 and 9500m~~1 in its IR spectrum, and there was a strong

; 1% ; ; 1% -
absorption at 228mm (Elcm 600) and an inflexion at 238@p (Elcm 510)
in its UV spectrum. The NMR spectrum, with complex absorption in

the region 3.7=4.77 is summarised below:

No. of
Assignment Appearance T value protons
CEB’ terminal irregular triplet 9.1 3
gy 48 hain broad peak 8.65 18
OC_}_;3 singlet 6.4 3
CH,, +COOCH
CH, +C multiplet 7.5-8.10 5
on
CHOH apparent doublet 6.0
CH:CH.C? two triplets 42547

CH:CH.C2 two doublets 3eT=4425
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TMS derivative. Hexamethyldisilazane (0.2ml) and

trimethylchlorosilane (0.1lml) were added to the ester (5mg)

dissolved in dry pyridine (lml). After five minutes the pyridine
was removed under vacuum and the residue taken up in ether. GLC
analysis (DEGS) showed one component of carbon number 23.4.

Fraction C (20mg) was hydrogenated in methanol (5ml) using
P4/C (20mg) as catalyst, to give an oxostearate (24.9, DEGS) and a
hydroxystearate (25.9, DEGS). Chromic acid oxidation of these
products gave 08~ and C9~ dibasic acids.

von Rudloff oxidation of the hydroxy ester furnished a C9~

dibasic acid and a 06“ monohasic acid.

Lithium aluminium hydride reduction. The hydroxy ester

(43mg) dissolved in anhydrous ether (3ml) was added, dropwise, %o
a suspension of lithium aluminium hydride (ZOOmg) in anhydrous
ether (2ml), and the mixture was refluxed for two hours. Excess
reducing agent was destroyed by the addition of wet ether, followed
by gulphuric acid. Extracted product (37mg) was separated by
prep. TLC (PE60) and the major fraction (33mg) recovered. Its IR
spectrum showed absorption due to allene (l950cm~l) and hydroxyl
(35950m™") groups.

Fraction C (24mg) was refluxed for one hour with methanolic
hydrogen chloride (7ml, 0.1N). The major component (18mg),
recovered by prep. TLC (PE30), contained an ether linkage (1080

and llOOcm"l). Its GLC showed one major component (25.2, DEGS)
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and three minor ones (22.6, 23.4 and 25.6, DEGS).

Partial reduction with di-imide. The hydroxy ester (40mg)

was stirred with potassium azodicarboxylate (1.2g) in anhydrous
methanol (3ml). A mixture of methanol/acetic acid/water (1:l:l)
was slowly added, dropwise, until the yellow colour disappeared.
The extracted product (34mg), analysed by GLC (DEGS, TMS deriv-
ative), gave three main peaks of carbon number 20.8 (10%), 21.6
(26%) and 23.4 (64%), together with small peaks of carbon number
20.1 and 21.0. Prep. Ag /TLC (BE15) of this reduced product
furnished three fractions, H1 (17mg, 63%), H2 (3mg, 11%) and

H3 (Tmg, 26%), which were examined by GLC (DEGS, TMS derivative)

and IR, with the results given below:

Fraction C.No IR absorption (E&—l) Assignment
H1 234 3595 and 950 unchanged hydroxy-enyne
H2 20.8 3595, 980 and 945 hydroxy ¢, diene
H3 21.6 3595 hydroxy-yne

Fractions Hl and H2 each yielded the C_. - dibasic acid and the

9
b6— monobasic acid, after von Rudloff oxidation.

von Rudloff oxidation of Fraction H3 gave a 06~ monobagic
acid, and a component of carbon number 29.0 (DEGS) and 17.2 (ApL).
The oxidised products showed strong IR absorption at 1770 and

1730cmul. Similar products were obtained by oxidative cleavage
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of methyl 9-hydroxyoctadec~cis-l2—enoate.

Attempted synthesis of methyl parinarate.

Linseed oil (4g) was treated overnight at room temperature
with sodium methoxide in anhydrous methanol (30ml, 0.5%). Acid-
ification and petrol extraction yielded methyl esters (3.7g) which
were separated by prep. Ag+/TLC (PE30) to give methyl linolenate
(98% pure by GLC). This ester (680mg, 2.3mmole) was epoxidised
overnight at room temperature with stock peracid solution (6ml,
2.6mmole) to yield, by prep. TLC (PE30), a monoepoxy fraction
(372mg). When examined by TLC (PE25), this showed two components,
in approximate ratio 1:2 (upper:lower); the upper component ran
with an Rf value similar to that of methyl vernolate.

Prep. TLC (PE10, followed by PE20) of the monoepoxy fraction
(245mg) gave an upper band (59mg) and a lower band (167mg)*.

Isomerisation (p. 148) of the upper and lower fractions,
followed by prep. TLC (BE25), gave two monohydroxy esters (33mg
and 85mg respectively). Their UV spectra (/\ max 234mu and A max
23Tmu) and their IR spectra (980 and 9450m~1) indicated conjugated

cis,trans diene systems.

¥ Ag care was taken to avoid contamination of the upper -
fraction with the lower one, these two weights do not give a

true indication of the relative amounts of these two fractions.
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Dehydration experiments.

A stock acidic solution was prepared by diluting concentrated
sulphuric acid (3ml) to 50ml with anhydrous dioxan. The mono~
hydroxy ester (10mg), from the lower fraction, dissolved in
anhydrous dioxan (10ml), was stirred at room temperature with
stock sulphuric acid/dioxan (0.5ml). Aliquots (1lml) were taken
at intervals, poured into water and ether extracted. The
recovered material was diluted to 100ml with methanol and examined
in the ultra violet. After a reaction time of one hour, no
conjugated diene absorvtion remained and only tetraene absorption
(A max 301m}.() was observed.

Dehydration of hydroxy ester from upper component.

The hydroxy ester (20mg) dissolved in anhydrous dioxan (20ml)
was stirred at room temperature for one hour with stock sulphuric
acid/dioxan solution (1ml). An aliquot (1ml) had strong tetraene
absorption (A max SOZQP) but no absorption at 234mu.  The remain-
ing reaction mixture was poured into water, saturated with sodium
chloride, and extracted with petrol. The latter, dried over
sodium sulphate, was carefully evaporated under vacuum at <:30°C
to yield a product (l4mg). Strong absorption peaks were observed
in the UV spectrum at 277, 288, 302 (Eifﬁ 2300) and 3163u, and the
IR spectrum showed strong absorption at 996c>m“1 with weaker bands
at 975, 951 and 9250m—1. von Rudloff oxidation of the product

(3mg) gave only a 09- dibasic acid.
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SELECTED SEED OILS.

l. Helichrysum bracteatum seed oil.

Extraction and transesterification.

Helichrysum bracteatum seeds (9.8g) were thoroughly ground in

a mortar and extracted for four hours with petrol. The seeds
were then re—ground and extracted for a further four hours to
yield a light yellow oil (2.02g, 20%). This oil (2.02g) was
shaken overnight at room temperature with sodium in anhydrous
methanol (25ml, 0.1%) to give methyl esters (1.67, 82%). TLC
(PE30) indicated complete transesterification.

Isolation of monoepoxy fraction.

Prep. TLC (PE30) of the methyl esters (1.60g) gave four
distinct fractions: A (1.0lg, 68%), B (0.21g, 14%), ¢ (0.19g,
13%) and D (0.08g, 5%). Fraction B had the same Rf value as
authentic 12,l3-epoxyoleate and showed three components on GLC
(DEGS): X (C.No 24.0, 6%), Y (C.No 24.6, 69%) and Z (C.No 26.0,
25%). Attempted prep. Ag'/TLC (PE25, BE15) of Fraction B was
unsuccessful.

Separation of Fraction B.

Fraction B (200mg) was allowed to stand overnight at room
temperature with stock peracid solution (5ml, 2.2mmole). The

reaction product, separated by prep. TLC (PE30), gave a mMoNnoePOXy
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fraction (56mg) and a diepoxy fraction (12lmg).- GLC (DEGS)
analysis of the recovered monoepoxy fraction showed two componentss
X (C2No 24.0, 20%) and Z (C.No 26.0, 80%). Prep. Ag* /TLC (PE30)
of this fraction (56mg) separated X (llmg), as the upper band,

from % (42mg).

Characterisation of component Z.

On TLC {PE30), component Z ran with authentic methyl
9,10-epoxyoctadec—~l2-ynoate and both had identical carbon numbers
(26.0, DEGS3 19.1, ApL) on GLC. The IR and NMR specira of both
were also identicaly +the IR spectrum showed no significant
features, and in the NMR spectrum the epoxy ring protons produced
a broad multiplet centred on T.277 « No olefinic protons were

observed.

Position of epoxide group. The ester % (20mg) was refluxed

for two hours with glacial acetic acid (2ml). After removal of
the latter under vacuum the residue was wefluxed (2hr) with sodiwn
hydroxide {8%) in water/methanol (1:4, 5ml). Acidification,
extraction and esterification yielded product P (18mg), part of
which (10mg) was hydrogenated in methanol (5ml) with Pd/C (10mg)
catalyst, to yield PH (10mg). von Rudloff oxidation of P (5mg)
gave C9— dibasic and 06— monobasic acidss similar oxidation of

PH (5mg) gave C,~ dibasic and C

9 9
Fraction PH, when examined (PE50) on silica gel G impregnated

~ monobagic acids.

with boric acid (0.3mm, wet thickness, 5% boric acid), ran with an
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auvthentic threo-9,10-dihydroxystearate.
The authentic 9,10-epoxyoctadec~12-ynoate gave identical
results.

Rearrangement. Base-catalysed isomerisation of component 7

(17mg) gave a product (27mg) which, after prep. TLC (PE45), yielded
a hydroxy ester (mg). This hydroxy ester showed absorption in
its UV spectrum at A\ max 228qu (Eiz’m 500) and A max 238m),(
(Eifm 430), and its IR spectrum indicated hydroxyl (3595cm™~) and
trans-enyne (95Ocm~1) absorptions.

Base~catalysed isomerisation of the authentic 9,10-epoxy-—
octadec~12-ynoate ester (20mg) yielded a hydroxy ester (9mg) with

the same spectral properties.

Characterisation of component X.

Component X had GLC (24.0, DEGS3; 19.3, ApL) and TLC (PE30)
retention characteristics identical with authentic methyl cis-
9,10—~epoxyoctadecanocate.

Position of epoxide group. The ester (10mg) was converted

to its dihydroxy derivative (1Omg) with acetic acid (2ml) etc. as
described above. von Rudloff oxidation of the dihydroxy ester
gave a 09~ dibasic and a C9— monobasic acid.

On boric acid impregnated plates, the dihydroxy ester ran

with authentic methyl threo-9,10-dihydroxystearate.
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2. Dimorphotheca pluvialis ringens seed oil.

Extraction and transesterification.

Seeds (2.5g), after grinding and soxhlet extraction (petrol),
yielded an oil (800mg, 32%) which was converted to methyl esters
(682mg) by reaction overnight at room temperature with sodium
methoxide in anhydrous methanol (20ml, 0.1%).

Isolation of monoepoxy fraction.

Prep. TLC (PE30) of the methyl esters (330mg) gave four
bands: A (90mg, 31%), B (3mg, 1%), C (Lémg, 5%) and D (185mg,
63%). Fraction B had the same Rf value as authentic methyl
vernolate and GLC (DEGS) indicated two components of carbon number
24,0 (10%) and 24.6 (90%). 1Ite IR spectrum was similar to that
of methyl vernolate.

Separation of monoepoxy fraction.

Fraction B (3mg) was separated by TLC (PE20, two developments)
into two approximately equal fractions. GLC (DEGS) showed the
upper fraction to contain one component of carbon number 24.6, and
the lower to contain components of carbon numbers 24.0 (20%) and
24.6 (80%). Their IR specira showed no absorption between 900

and 1000cm .
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3 Dimorphotheca aurantiaca seed oil.

The monoepoxy fraction (1%) was isolated as described for

De pluvialis ringens.

Seeds (5.41g) yielded oil (1.56g, 29%) which was converted to
methyl esters (1.26g). Prep. TLC (PE30) gave a monoepoxy fraction
(10mg) which showed two components (GLC, DEGS) of carbon number
24.0 (15%) and 24.6 (85%). The IR spectrum of the monoepoxy

fraction showed no trans absorption.
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TRIGLYCERIDE STUDIES .

Extraction of oil.

All oils were ground in a mortar under peitrol and extracted
with petrol in a soxhlet. Operations were carried out as quickly
as possible. The oil content of the seeds is given in

Tables E17 -~ E22.

Transesterification.

A dilute solution of sodium methoxide in anhydrous methanol
(5m1, 0.05%) was used with all fractions (K 5mg) at room temp-—
erature overnight. No acidification was used in the extraction

with ether.

Prep. TLC separation.

0ils (ca. 200mg) were separated by prep. TLC (PE25) into six
fractions using ten 20 x 20cm plates, and glycerides recovered
from the silica by soxhlet extraction with ether. Fractions were
diluted to 100ml with petrol and stored at 0°c. Aliquots were
taken for quantitation, prepe. Ag+/TLC and lipolysis as required.

The results are given in Tables E17 - E22.

Lipolysis procedure.

Treatment of lipase, Pancreatic lipase (available in the

laboratory) was homogenised for two minutes with acetone in an
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Ato-mix. After centrifuging, the lipase was dried overnight in
a vacuum desiccator at room temperature and stored in a tightly
corked boittle in the refrigerator.

Preparation of M '"TRIS' buffer. Trihydroxymethylaminomethane

(TRIS) (12.1lg) was dissolved in distilled water (20ml) and
titrated with M HCL to pH 8.0. Finally the whole was diluted to
100ml with water. The final pH was 8.2,

Procedure. Preliminary reactions were carried out on
cottonseed oil itriglycerides (5mg) and trivernolin (5mg, isolated

from C. cordofanus) to establish conditions for 20~25% recovery

of monoglycerides (based on the weight of original triglyceride),
the latter being quantitated with methyl heptadecanocate as
internal standard.

Triglyceride (5mg), dissolved in ether, was added to a
centrifuge tube (fitted with a B19 socket), and the ether
evaporated off under nitrogen. Pancreatic lipase (lSmg) was
dispersed in 'TRIS' buffer (10ml) and an aliquot (1ml) added to
the centrifuge tube containing the triglyceride. Calcium chloride
solution (2.2%, 0.lml) and bile salt solution (0.05%, 0.3ml) were
guickly added and the mixture held at 40°C for one minute.
Thereafter the mixture was stirred (at 40°C) for 8 minutes with a
mini-stirrer. Finally the whole was poured into water, ether
extracted, and the monoglyceride fraction recovered by prep. TLC

using a solvent of chloroformsacetone tammonia (80:20:1)144.
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Results are given in Tables E17 - E22,

Prep. ég+/TLG separation.

Non-epoxy triglycerides (6mg) were separated by prep. Ag+/TLC
(BE10) and the monoepoxy triglycerides (6mg) by prep. Ag+/TLC
(BE25).

Fractions were recovered from the silica by slurrying with
methanol sethertwater (5:5:1)144 at which stage methyl heptadecan-—
oate {0.2mg) was added to.each as internal standard. The
triglycerides were then re—extracted into ether prior to
transesterification. Results are summarised in Tables E17, E18,

E21 and E22.



a)

b)

Cp2
Cp3
Cp4

Cp5
Cp6
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Table E17.

Cephalocroton peuschelli (29% oil).

Component esters¥,

16:0 18:0 1831
36T 2.9 Ted
Prep. TLC (PE25).

1620 18:0 18321
16.0 9.7  30.4
Te3 Be2 18,7

4.4 3.3 Bs7
10.2 6.0 16 .6
246 Te6

Total 3.6

c)

*%

Lipolysis studies*¥*,

16 :0 1830 1831
14.5 9.7 3l.4
1.9 ~ 3645
T4 54 19.3
1.3 - 24.1
4'3 396 807
Ov5 — 7.8

18:2 1833
13.1 0.9
1832 18323
A0 .7 32
32,1 2.1
15.2 1.0
34.6 T8
13.0 0.8
1832 18:3
41 .1 3e3
574 4.2
34'3 200
37-8 1Q6
15.7 1.2
13 cO -

Epoxy
T2 0

Epoxy

34.6
674
100.0
3047

7244

Epogz

31.6
35.2

66 .5
787

Amount

(%_mole)
2.8
13.6
41,2
38.8
3.6

All values given in Tables E1l7 -~ E22, are quoted as % mole.

Figures for Cp2, Cpl etc. are slightly different from those

given in b).

before analysis.

Samples had been kept (at 0°C) for some time



d) Ag /TLC (BELO) of Cp2.

B

T e K TS VR Y LJ!H

Total
Cp2

ar)
Fr.

1
2
3
A
5
6
1

Total
Cp2
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1430 16:0 18:0 18:1 18s:2 18:3 2030
4.9 35.4 22.9 32,9 1.6 - 2.3
0.8 217 110 440 4.1 1.4 1.0
07 1746 Tlsd 354 324 1e3 G
04 4.0 1.9 59.2 32.0 2.5 ~
0.7 18.3 1.3 5.4 6340 - 1.3
0.7 542 2.3 28.7 60.4 S -~
1.0 53 5.1 9.5 TT.7 boll -
1.0 15.0 9.9 31.9 39.6 148 0.8
~ 16.0 9.7 30.4 40.7 3l -

Ag"/TLC (BELO) of Cp2 (duplicate)s

1430 1630 18:0 18:1 18:2 1833 20320
4.2 36,1 26,9 32.8 - - o=
1.7 20.2 14.9 60.5 0.9 T2 0.6
1.2 2445 17.0 33.2 22,4 1.0 0.7
.7 1B.2 1i.3 Si.5 325 18 1.0
1.2 4.6 1.1 57.6 33.6 y (e -
0.9 13.5 Te2 1ded 62.6 1.4 -
0.6 5.2 2.0 11.5 68.6 12.1 -
1.2 15.8 9.9 30.8 38.9 3.1 0.3
- 16 .0 9.7 30,4 40.7 3.2 -

Anount
(% mole)
T+0
22.3
19,1
11.8
13.2
15.0
11 .6

(% mole)
Tel
99

13.9
17.9
11.0
23.5
16.7
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e) Ag' /TLC (BE25) of Cp3. Amount
Fr. 14s0 1650 1830 18:1 18:2 18:3 Epoxy (%.mole)
1 1.1 20.3 14.8 31.9 0.3 0.8  30.8 13.8
2 0.2 1.9 0.7 65.7 1.8 1.3  28.4 12.8
3 0.6 17.6 14.4 1.3 33.9 = 32.2  23.9
4 0.8 1428 2= 32,3  34.5 led  30.4  25.3
5 0.2 1.8 0.5 1.9 59.8 4.4 3l.4  24.2

Total 0.4 8.0 5.7 21.8 31.5 1.7  30.9
Cp3 = Te3 5.2 18.7 32.1 2.1 34.6
e') Ag'/TLC (BE25) of Cp3 (duplicate). Amount
Fr. 14:0 16:0 18:0 18:1 18:2 18:3 Epoxy (% _mole)
la - 50.4 29.9 19.7 - % - Lol
1b 1.5 20.0 13¢3 31.6 0,6 1.4  31.6 11,2
2 1.0 3.1 1.0 59.8 2.7 1.4 31.0 11.5
5 0.4 17e4 14.3 2.2  34.5 - 31.2  23.2
4 05  1a2 = 3244  33¢3 2.1 30.5  27.1
5 0.4 146 0.7 2.0 59.3 4.9 31,1  25.6
Total 0.6 8.1 5.5 20.5 32,6 2.1 30.6
Cp3 e Te3 5.2 18.7 32.1 2.1 3446
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Table BEl8.

Cephalocroton cordofanus (30% oil).

a) Component esters.
16:0 18320 18:1 18:2 1833 Epoxy
405 302 803 1604 0-9 66-7

b) Prep. TLC (PE25). Amount
1650 18:0 18:1 18:2 18:3  Epoxy (% _mole)
Ce2 13.5 10.5 3142 41.8 3.1 - 3.8
Co3 6.6 5.4 17.0 35.6 1.8 33.6 16.7
Ccl 3.5 30 T4 177 0.9 674 40,6
Ce5 0.3 0.1 0.4 0.7 - 98.5 31.8
Cch 8.6 549 16.1 30.6 1:3 377 Tl

Total 3.7 3.0 8.3 ) I 0.9 66.9

¢) Lipolysis studies.

16:0 18:0 18:1 1822 1833 Epoxy

Co2

TG 13.5  10.5  31.1  41.8 1.1 -
MG 8,7 -~ 37.5  57.0 2.8 -
Ce3

e 6.6 5.4  17.0  35.6 1.8  33.6
MG 1.4 1.2 2043  36.1 1.8 39.2
Ce4d

el 3.5 3.4 Tl LI 0.9  67.4

MG 0.5 0.4 6.3 155 0.5 7645




d) Ag'/TLC (BE1O) of Co2.

Fr. 1620 18:0 18:1
1 44.8 25.1 30.1

2 - 12,8 6545

3 3445 2543 10.6

4 14.4 3.4 T23

5 18.9 13.1 3546

6 6.0 9,3 56.5

7 18.5 11.9 6.9

8 6.1 1.0 27.9

9 4.2 1.4 9.2

Total 16.7 9.7 32.2

Cc2 13.5 10.5 31.1
) Ag'/ILC (BE25) of Ce3.

Fr. 1630  18:0  18:l

1 21,8 14.1 3245

2 2.6 0.9 64.5

3 18.7 12.6 1

4 1.3 - 31.9

5 % a2l 0.7 L6

6 12.0 143 16.8

Total 8.3 Bel 18.4

Ce3 6.6 5¢4 170
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Amount

1832 18:3 (% mole)

-~ - 6.4

- - 8.8
29.6 -~ T8

70 2.9 8.0
32.4 - 19.0
33.4 2.0 9.9
62.7 - %ol
61.3 2.9 1149

T4l 1l.1 14.1

39.0 24
41.8 3.1

Amount

18:2  18:3  Epoxy  (%_mole

= o 31.6 10.0

2.0 ~ 30.0 9.9
34.0 4 33.1 26 .6
337 1.6 31.5 23.7
64.5 07 31.1 2767
23.2 2445 21.6 2.1
35T 1.1 3l.4
35.6 1.8 33.6
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Table F19.
Crepis aurea (30% oil).

a) Component ssters.
16:0 18:0 18:1

1822 Crep* Epoxy

3.8 2.3 10.8 20.5 3.0 59.6

b) Prep. TLC (PE25). Amount

16:0 18:0 18:1 18:2 18:3 20,0 Crep Epoxy (% mole)
Ca2 11ed 6.8 22,0 7.1 1.7 1.0 10,0 - 847
Ca3 el 244 166 33.4 - ~ 10.0 3245 17.2
Cad 3.9 2.0 8.8 18,6 ~ - 0.5 6642 55,2
Ca5 1.1 0.5 1.6 3.0 =~ ~ 0.5 93.3 12.8
Cab 4.4 1.8 8.5 25.5 - - ~ 59.8 6.1
Total 4ed 2.3 1044 22,0 0.2 0.1 2.9 5747
¢) Lipolysis studies.

16:0 18:0 18:1 1832 1833 20:0 Crep Epoxy
Ca2
TG ¥ 6T 2240 ATdL 1T 16l 1040 -
MG - - 24.8 73.1 2.1 - - ~
Ca3
TG 5.1 2.4 16.6 33.4 - -~ 10.0 32.5
MG -~ - 9.0 35.0 - - - 56 40
Ca4
TG 3.9 2.0 8.8 18.6 -~ - 0.5 66.2
MG - - 1.2 2.8 = - - 96 .0

¥ Methyl crepenynate.
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Table E20

20

Crepis vesicaria (12% oil).

Component esterse.

b)

Cv2
Cv3
Cv4
Cvh
Cvb

Total

c)

Cv2
TG
MG

cv3
Uie
e
cv4
e
NG

16:0 18:0 18:1 18:2 Crep Epoxy
55 2.1 Ted 3%ub 1.1 523
Prep. TLC (PE25). Amount
16:0 18:0 18:1 18:2 18:3 Crep Epoxy (% mole)
1301 5.5 16.6 59.1 1.2 405 = 13.5
6ad 25 12.3 431 -~ 242 33.8 14.6
3.8 146 4.5 22.4 - - 677 575
1.3 0.6 el 58 - - 91.2 949
5¢3 1.8 4.6 36.0 - ~ 5243 4.5
el 2.2 6.9 29.4 0.2 0.9 BB e2
Lipolysis studies.
16:0 18:0 1831 1832 18:3 Crep Epoxy
13-1 505 1606 59-1 1.2 4-05 e
A e 15-8 8205 107 o ==
Gl 2.5 12.3 43,1 - 2.2 33.8
. Giad 607 3905 = — 5308
3‘8 106 4-5 22.4 - - 6707
- - 1.0 2.9 - - 96.1
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Table E2l.
Cephalaria joppica (18% oil).

a) Component esters.
1430 16 :0 18:0 18:1 18:2 Epoxy
9.2 14.4 2.8 15.3 2247 35.6

b) Prep. TLC (PE25). Amount

1430 1630  18:0  18:1  18:2  Epoxy  (%._mole)
Cj2 10.1 18.2 3.5 28.6 39.6 - 28.8
€33 9.8 16.5 3ol 16.0 21.4 33.2 35.4
Ci4 Te3 12.2 2.2 6.9 145 63.9 23.7
€35 3.1 6.2 1.2 6.6 T.6 753 6o
Cj6 6.8 13.4 2.6 14.8 14.8 47 o6 5ed
Total 8.7 153 2.8 16.8 g2 3445

c) Lipolysis studies.
14:0 16:0 18:0 18:1 18:2 Epoxy

[RE]

TG 10.1  18.2 3.5  28.6  39.6 -
MG 0.6 0.9 0.4  35.0  63.1 -
ci3

TG 9.8  16.5 3.1 16.0  21.4  33.2
MG 0.7 0.8 0.5 18.5 29.3  50.2
Ci4

el 7.3 12,2 2.2 6.9 T.5 6349

MG 0.6 1.0 0.4 Tel 9.9 81.0
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d) Ag /TLC (BE1O) of Cj2*. Amount
Fr. 14:0 16 :0 1830 1831 18:2 (% mole)

1 10.1 37.1 9.4  41.6 1.8 746
2 1.2 2.0 Aol 64.2 362 8.5
3 119 2745 6.5  21.9 32.1 16 .4
4 9.9  19.8 3.9  32.9  33.5 19.6
5 o 2.8 - 63.4  32.1 8.5
6 745 14.8 2.8 11..2 63.7 30.6
7 1.2 3.6 - 9.8  85.4 8.8

Total 7.8 18.1 30 28.3 42,0

cj2  10.1  18.2 3,5 28,6  39.6

e) Ag'/TLC (BE25) of Cj3*. Amount
Fr. 1250 14:0 16:0 18:0 1831 18:2 Epoxy (% mols)
1 1.9 25.4 29.7 6.2 2.9 - 3349 18.6
2 1.1 l4.3 1T 3.2 2943 = 34.4 20.2
3 A 29,7 4 5546 3.1 34.5 8.9
4 0.4 9.5 1647 3.6 1.0 33.6 35.2 29.4
5 " 1.0 16 28.6 32,2  36.6 13.5
6 - 0.7 2.7 - 1.8 63.08 31.0 9.4

Total 0.7 10.9 14.8 2.9  15.7 20.5 34.5
033 e 9.8 16 05 301 1600 2194- 3302

* Peak areas measured with integrator attached to GLC.
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Table E22.
Cephalaris leucantha (15% oil).

a) Component esters.
12:0 14:0 1630 18:0 18:1 1832 ©Epoxy
W0 B8 B L5 I 3.7 194

b) Prep. TLC (PE25). Amount
12:0 14:0 16:0 18:0 18s1 18:2 Epoxy (% mole)
c12 138 1l.4 9.2 1.6 23.0 41.3 - 5345
€13 10.7 945 57 15 15.9 216 33.1 307
cl4 6.8 T4l 5¢3 10 9.1 10.9 59.8 9.9
G615 5.5 6 o2 5.5 1.0 10.3 13.4 58.1 2.9
C16 Foll 8.0 9.3 8.0 19,1 B84.0 304 3.0

Total 11.6 10.1 8.3 1.5 18.9 31.0 18.6

¢) Lipolysis studies.
1250 14:0 1630 18:0 18:1 1832 Epoxy

13,5 1l.4 9.2 1.6 23,0 41.3 w-
fasc/ 32 b o 34-1 65-9 il

10.7 9.5 7s7 155 189 2leb 3343
= - - 177 31.0 51.3

6.8 2l 5.3 1.0 9.1 10.9 59.8
b - — o 10.1 15.4 74.5

o =2 a =2 1 ie
%gkmggwmmlw
(%] no

!
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d) Ag'/TLC (BELD) of Cl2%, Amount
Fr. 12:0 14:0 16:0 18:0 18:1 18:2 (% mole)
35 18.8 25.8 18.5 Aih  32.5 - 8.9
2 T+4 11.2 9.2 2.4 69.8 - 8.4
3 19.4 21.6 14.6 2.8 12.6 29.0 21,2
4 9.4 12.5° 9.7 2.6 32.7 33.7 19.0
5 1.2 1.2 1.6. =, 61.8 34.2 6.9
6 549 9.0 T+6 1.3 8.9 67.3 273
7 0.8 1.3 gl ~ 10.7 85.1 843
Total 9.9 12.8 9.8 1.9 25.2 40.4
c12 13.5 11.4 9.2 1.6 23.0 41.3
e) Ag'/ILC (BE25) of C13*. Amoun
Fr. 12:0  14:0 1630 18:0 1831 18:2 Epoxy (% mole)
i3 245 2547  19a7 4.0 2.9 - 23,2 14.5
2 14.4 12.4 9.2 1.4 28.5 =~ 34.1 23.4
3 240 1.8 2.8 -~ 60.4 147 31.3 9.0
4 8.5 10.9 10.5 1.6 0.9 32.6 35.0 28.6
5 Yol 1.3 1.5 =~ 31.6 30.7 33.7 132
6 0.5 1.2 2,2 - 17 6246 31.8 11.3
Total 9.8 10.2 87 T4 171 208 32.2
C13 10..7 9.5 TeT 1.5 15.9 21,6 33.1

* Peak areas measured with integrator attached to GLC.
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Computer programme Cl.

VDIMENSION A(20)PAL20) ¢GMOLI2V ) WMOL(20) yFidGL (20)
READ 54K

DU BUL=1,4K

READ 5 ¢l

FURMAT(I10)

READ 11U (A(I)yI=14l4)
FORMAT(9F843)

KEAD 1O (GROLLI) yI=14N)
SUi=0.0

V0O 201 =1 4N

SUr=SUIn+A(])

U0 301=1,N
PA(I)=100.0%A(I)/SUN

UG 40I=14N

WHOL(T) =PA(I)/GNOLIT)
WSUiN =0 .0

VO 50I=1,yR

WSUR =W SUM+WMOL (1)

DU 60I=14N

PLHOL (I} =10040%WMNOL (T ) /WS UM
PRINT 61

FORHAT (20H ORIGINAL PEAK AREAS)
PRINT 703(A(I)yI=1yN}
PRINT 62

FORMAT(//)

PRINT 63

FORMAT{13H AREA PERCENT}
PRINT 70y (PA(I)sI=1yN)
PRINT 64

FORMAT{(//)

PRINT 65 :
FORMAT (14H MULES PERCENT)
PRINT 7O (PMOL(I)I=1,yN)
PRINT 66

FORMAT(//)

CONT INUE

FORMAT{14FBa3)

CALL EXIT

END
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Computer programme C2.

DIMENSION ACLOL5)¢ADJ(L0)L5) s WMOL(L0y15) yPMOLILO915) +GMOL (15),CHE
1CK(L5) g SURTLU) yRAT(LO) yPRAT(10) » SMOL(20)

READ 24K

FlRMATLIZ)

Q0 1000L=1yK

LG 141=1,10

vl l4Jd=1,418

AT 9J) =040

ADJ(TJ) =00
HMOL (1 9d) =040
PHOL(I4J)=040

O 15Jd=1,15

GHOL(J) =040

u0 17I=1,10

RATLI)=0.0

PRATIL)=0,0

KEAD 10 ¢iiyN

FORMAT(IZ2,412)

V0 40J=14N

READ 3043 (A(I4J)yI=1yih)
FORMAT (9FG43)

COMT IWUE

N1 =n~1

READ B0 (GHOLIJ) pJd =L gNb)
FORGAT{QF043)

DO 601 =110

SUM(TI ) =00

V0 60J=1yNl

SUATT )=SUN(T)+A(I,J)

DO T0I =14k
RAT(I)=SUN(TI)/A(]I4iv)
SRAT=0,0

0 80I=1,4h

SRAT =SRAT+RATI(I1}

DO 90I=1,M
PRAT({I)=RAT(I)*100. OISRAT
D0 100I=1,M

00 100J=1,4N1
ADJ(I'J)=A(I9J)*PRAT(I)/SUN(I)
LG 110I=),H

DO 110J=1,N1

VWMOL (T 3Jd) =ADJ(14J)%100040/GMOL{J)
DO 1201=1,H

SMOL{1)=0.0

LG 1200=1,N1

SHOL (1) =SHOL (T )+WMOL (1 4J 1
SSHUL =0 0

DO 1251=L1,H
SSNOL=SSMOL+SMUL(I)

00 13ul=lyM

DO 130J=1,4N1

PHOL (1 ,J) =HUMOL(I4J)%100.0/SSMOL
DO 140J=14N1Y

CHECK(J}=0,0

DO 1401 =14M

CHECK{J) =CHECK{J)+PHOLI(I yJ)
PRINT 150

FORMAT (20H ORIGINAL PEAK AREAS///)
DO 1801I=1,4M

PRINT 170, (AUI4d)sJd=1yN}

170
180

190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360

370

380

390
400

410

420

430
1000

FORNAT(L5FB43)

CONT INUE

PRINT 190

FORMAT(/777)

PRINT 200

FORMAT (20F ADJUSTEL PEAK AnGnN/Z/77)
DO 2301 =14H

PRINT 220, (ADJ{I4J)sd=lyinl)
FORMAT{14F8.3)

CONT INUE

PRINT 240

FORIAT(/2/7/77)

PRINT 250

FORMAT (B5H WMQL//ZZ)

DO 2801 =148

PRINT 270, (WHOL(IyJ) yd=1yh1)
FORMAT (14F8.3)

CONT INUE

PRINT 290

FORMATL(//77)

PRINT 300

FORMAT (14H MOLES PERCENT///7)
DO 3301 =1,M

PRINT 320, (PHOL({IJ)sJd=14ivl)
FORMAT{14F8,3)

CONT INUE

PRINT 340

FORMAT {1H1)

PRINT 350

FORMAT (18H MOLECULAR WEIGHTS)
PRINT 360, (GMOL(J)yJd=1yN1)
FORMAT (14F843)

PRINT 370

FORMAT (23H CHECK ON MOLES PERCENT)
PRINT 360, (CHECK(J)J=1,iN1)
PRINT' 380

FORMAT (30H TOTAL PEAK AREA FUK EACH BAnU)

PRINT 390, (SUM{I)yI=1,ym)
FORMAT(10FB8.3)

PRINT 400 '

FORMAT({11H BAND RATIO)}

PRINT 390, (RAT(I),I=1,1)
PRINT 410

FORMAT{22H PERCENTAGE BAND RATIU)
PRINT 39043 (PRAT(I),I=1,yM}
PRINT. 420

FORMAT(18H BAND SUM UOF MOLES)
PRINT 390,(SMOL(I)'I—1|M)
PRINT 430

FORMAT { 1H1)

CONTINUE

CALL EXIT

END
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