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SUMMARY

I The nine 9,12-diunsaturated derivatives of methyl octadecanoate

have been obtained. Two of these isomers, linoleate (methyl octadeca-

cis-9-cis-12-dienoate) and crepenynate (methyl octadec-cis-9-en-12-

ynoate), are naturally occurring and were isolated from natural sources.

The remainder had either been synthesised already, (methyl octadeca-

trans-9-trans-12-dienoate and methyl octadeca-9,12-diynoate), or were

prepared during the course of this work from linoleic, crepenynic or

vernolic acid (12,13-epoxyoctadec-cis-9-enoic acid). Particular

attention has been paid to devising simple procedures by which these

isomers could be prepared by those without experience of the normal

routes via acetylenic compounds. The argentation-TLC and GLC

behaviour and NMR spectra of these compounds has been examined.

Silver ion TLC showed that in any group of three 9,12-diunsaturated

esters having one unsaturated centre in common the rate of migration

depends on the variable centre and is, with one exception, in the

order: trans-olefinic > acetylenic > cis-olefinic.

The GLC behaviour of these compounds has been determined on

polar (DEGS) and non-polar (ApL) columns. An attempt has been

made to correlate observed ECLs with those calculated from ECLs

of appropriate monounsaturated esters. The difference between

observed and calculated values is particularly marked in those

esters having one or more acetylenic centres.
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The 220 MHz NMR spectra of these compounds have been obtained.

This has permitted a more detailed analysis of the signals than

was previously possible and has enabled us to determine the cis

and trans olefinic coupling constants. The chemical shift of

the protons at C(ll) demonstrates the different deshielding effects

of the unsaturated centres which are, as expected, in the order:

acetylenic > cis-olefinic > trans-olefinic.

II The thirty-one possible methyl epoxyoctadecanoates have been

prepared by epoxidation of the appropriate methyl octadecenoate.

Their behaviour on GLC and TLC have been studied and their NMR

and mass spectra have been examined.. The esters have also been

hydrolysed to the epoxy acids.

On TLC the cis and trans methyl epoxyoctadecanoates each fall

on a sinusoidal curve. Each pair of cis and trans epoxides can be

separated with the exception of the 2,3 isomers. The trans isomer

has the higher R^ in each case.
It is possible to identify each positional isomer of methyl

epoxyoctadecanoate by its mass spectrum, but there is very little

difference between the spectra of pairs of cis and trans isomers.
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The mass spectra show a number of characteristic fragmentations.

Mechanisms are proposed for these and other fragmentations.

The melting points of the cis-epoxy acids show alternation

which is far less pronounced in the trans series. The hydrolysis

of epoxy esters with the epoxide group close to the ester function

and at the other extremity of the molecule took an unusual course and

did not furnish the epoxy acids.

I The intensities of the infra-red absorption band at 970 cm 1
in a number of isomeric trans-octadecanoates have been compared.

Significant differences have been found and the importance with

respect to quantitative measurement of trans unsaturation by infra¬

red spectrometry is discussed.
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abbreviations

TLC - Thin layer chromatography

GLC - Gas-liquid chromatography

NMR - Nuclear magnetic resonance

ECL - Equivalent chain length

DEGS - Diethyleneglycolsuccinate polyester

ApL - Apiezon L grease

J - NMR coupling constant

c ~ cis olefinic unsaturation

t - trans olefinic unsaturation

a - acetylenic unsaturation

For acids and esters:

18:2(9c,12c) - First number gives the chain length, the second number

gives the number of saturated centres,the parenthetic part

gives the position and type of unsaturation. Positions

of unsaturated centres are numbered using the A convention,

i.e. numbering starts at the carboxyl carbon.
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GENERAL INTRODUCTION

Both chemists and biochemists have been involved in the recent

intensive studies of fatty acids and their derivatives which have

followed the development of improved methods of studying these

compounds. Thin-layer chromatography and gas-liquid chromatography,

along with the novel spectroscopic techniques,nuclear magnetic

resonance and mass spectrometry, have been especially valuable.

The advances of particular relevance to this study have been the

recognition of the presence of a wide range of less common acids of

novel structure, the development of synthetic procedures and the

increased understanding of the biological properties of some of these

acids.

The study of the physical, chemical and biological properties

Of long-chain acids has been aided by several recent systematic

studies of whole series of closely related compounds, many of which

have been undertaken in these laboratories„ These have included:

(i) The cis octadecenoic acids (A2 to Al7, 16 isomers1)
2

(ii) The trans octadecenoic acids (A2 to Al7, 16 isomers )

2
(iii) The octadecynoic acids (A2 to Al7, 16 isomers )

(iv) The methylene interrupted (1,4) cis,cis octadecadienoic acids

3
(13 isomers )

4
(v) Some cis,cis octadecadienoic acids (10 isomers )

4
(vi) Some trans,trans octadecadienoic acids (10 isomers )

4
(vii) Some octadecadiynoic acids (10 isomers )
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Some physical and chemical properties of these acids or their

derivatives have subsequently been reported. These include TLC

, . - ,2,5,6,7 , _T,5,7 , , . ^ 2,3 ™,„2,3,8,9(silver ion) and GLC behaviour; infrared , NMR

3
and mass spectrometric properties and the preparation and properties

of mono-and di-cyclopropane compounds derived from the monoene1^'11
and diene^ esters.

The value of this synthetic work is emphasised by the

following list of cooperative studies in which synthetic acids from

St. Andrews have or are being used:

1. W.E.M. Lands et_ al_ (Ann Arbor, Michigan)

Effect of acid structure on acyltransferase activity with

isomeric coenzyme A esters

12
a) cis-octadecenoates

13
b) cis-cyclopropyl octadecanoates

14
c) trans-octadecenoates

15
d) octadecynoates

2. R.T. Holman and H„M. Jenkin (Hormel Institute, Austin,

Minnesota).

Effect of cis-octadecenoic acids on the growth of:

a) Leptospira interrogans1®
17

b) Monkey kidney cells

3. D.S. Sgoutas (University of Illinois)

Dependence of sterol ester hydrolase activity on double bond

1 s
position in cholesterol cis-octadecenoates
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4. S.B. Tove (N. Carolina State University)

Substrate specificity of linoleateisomerase from Butyrivibrio

fibrisolyens^

5. K. Lippel (Lipid Nutrition Laboratory, USDA, Beltsville)
20

Comparison of rates of enzymic acyl coenzyme A formation

6. J.J. Kabara (Michigan State University)

Lipid biochemistry of microorganisms (3)

Effect of cis-octadecenoic acids in Lancefield's Group A

21
Streptococci

7. D.T. Downing (Boston University)

22
Enzyme inhibition by acetylenic compounds

8. P. Hodge (University of Lancaster)
23

Raman spectroscopy of unsaturated fatty acids

The work to be described in this thesis is an extension of

these studies and falls into three parts:

(i) There are nine possible 9,12-diunsaturated derivatives of

octadecanoic acid (9cl2c_, 9cl2t_, 9tl2c_, 9tl2t_, 9cl2a, 9al2c_, 9tl2a,

9al2t_ and 9al2a). Of these, two are available as natural products
r 241
|_9cl2c_ (linoleic acid) and 9cl2a_ (crepenynic acid) J and a third

[9t_12t_ (linelaidic acid)] is readily obtained from linoleic acid^'^.
The remaining acids in this group have been synthesised from more or

less readily available C acids by fairly simple chemical manipulations.18
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It was the intention to avoid complex synthetic procedures involving

considerable preparative expertise and to devise simple procedures

which could be readily copied. Some of the physical properties

of these nine esters have been compared.

(ii) In continuation of earlier studies, the complete series of

methyl cis and trans epoxyoctadecanoates have been prepared (many

of them for the first time) and their chromatographic and spectroscopic

behaviour examined.

(iii) A quantitative study of the infrared absorption of the

isomeric methyl trans-octadecenoates has been carried out. This

is important because it is the basis of a standard procedure for

the determination of trans esters.



part i

a9,l2-diunsaturated c1b carboxylic acids1 o



INTRODUCTION

Natural Occurrence

There are nine possible 9,12-diunsaturated derivatives of

octadecanoic acid. Of these linoleic acid, 18:2 (9cl2c_), is the

most widely distributed naturally occurring isomer. It occurs

extensively in the plant kingdom and is a major component of many

commercially important oils including cottonseed, soybean, peanut

and corn oils. By comparison, natural sources of the other three

dienoic isomers are either rare or as yet unknown. Chisholm and

27
Hopkins have shown the presence of linelaidic acid, 18:2 (9tl2;t),

in the seed oils of Chilopsis linearis and Catalpa bignoldes and

28
Morris and Marshall have found a cis,trans isomer of linoleic,

18:2 (9cl2t), in Dimorphotheca sinuata and Crepis rubra seed oils.

No natural source of the 9tl2c_ isomer has yet been reported.

The remaining five compounds contain acetylenic unsaturation

and only crepenynic, 18:2 (9cl2a), has yet been reported to occur

24
naturally. It was discovered by Mikolajczak et_ al^ in Crepis

29 30
foetida seed oil and has since been found in other oils '

Metabolism

Interest in polyunsaturated fatty acids has been stimulated

because of the importance of several members of this class as

essential nutritional factors in the diet of higher animals. If

linoleic aoid is excluded from the diet of young mammals, growth
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is retarded, skin abnormalities develop and the animal eventually

dies. However, as linoleic occurs in most plant tissues, natural

instances of this deficiency are rare. Thus linoleic acid has been

31
designated an "essential fatty acid" (EFA). Coots found that all

the isomeric dienoic linoleates were well absorbed and that the

unnatural isomers were oxidised to carbon dioxide faster than

cis,cis-linoleate. Nevertheless the trans isomers of linoleate
32

are unable to alleviate the symptoms of EFA deficiency in rats

33
and these findings have been reinforced by those of Mattson on

the basis of weight gain.

34
It has been demonstrated by Steinberg et_ al_ that, in mammals,

linoleic acid is converted into arachidonic acid, 20:4 (5c_, 8<^, 1 lc_, 14c_) .

35
It was found that cis-9,trans-12-linoleate was unable to support

growth of rats or to relieve skin abnormalities but when this

isomer was fed with linolenate the combination gave more growth than

either alone. Acids derived from the cis-9,trans-12-diene, containing

trans double bonds, were deposited in animal tissues. Subsequently

this was believed to be eicosa-cis-5-cis-8-cis-11-trans-14-tetraenoic

36
acid „ The trans-9,trans-12 isomer was not converted into an

37
arachidonic type acid but was incorporated into tissue lipids

Octadeca-trans-9-trans-12-dienoate fed to rats was incorporated

into the primary positions of both triglycerides and phospholipids,

whereas the cis-9,cis-12 and cis-9,trans-12 isomers appeared in the

38
secondary positions . There was only minimal conversion of the

trans-9,trans-*-12 and trans-9,cis-12 octadecadienoates to the 20:4 isomers,
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However, the cis-9,trans-12 isomer was converted to the expected 20:4

isomer by the same mechanism as natural arachidonate.

Although trans isomers of linoleic acid have been isolated

from plant sources no definite role has been postulated for them.

28
Morris and-Marshall suggest that in Dimorphotheca sinuata the

cis-9,trans-12 isomer might be an intermediate in the biosynthesis

of the conjugated 9,11- and 10,12-isomers but these conjugated

dienoates are very rare and their role is also unknown.

For some time it has been considered that many natural open-

chain acetylenic compounds might be derived from the known acetylenic

fatty acids. This view has been developed since the discovery of

40 41
crepenynic acid which is considered by Bu'lock and others to be

a significant intermediate in the biosynthesis of open-chain

acetylenes.

Chemical Synthesis

This is reviewed in the discussion, pp. 14-23.

General methods of synthesis of unsaturated compounds

At the start of this work it was considered that the desired

diunsaturated C., _ esters could be prepared by modification of more1 O

or less readily available natural acids. These were the unsaturated

epoxy acid, vernolic acid (1), and the enynoic acid, crepenynic acid

(2).
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(1)

O

CH3 (CH2 )4Cs5CCH2CHSCH (CH )7C00H (2)

The reactions which have been employed include:

42
(i) The conversion of a cis-epoxide to a threo-diol

43
(ii) The conversion of a cis-epoxide to an erythro-diol

(iii) The conversion oT vie diols to alkenes

(iv) The conversion of alkenoic acids to the related alkynoic acids

(v) The semi-hydrogenation of alkynes to alkenes

(vi) The selective epoxidation of a double bond in an enyne ester.

Some of these merit further discussion.

(a) The conversion of vie diols to alkenes

This has been achieved in several ways. It is important that

the method chosen should be stereospecific, give good yield of

alkene, and be applicable in the presence of other functional groups

especially a double bond, triple bond, acid or ester.

44
(i) Ames and Bowman have described a procedure in which vie

diols are converted to alkenes via the dibromides thus:

Under the reaction conditions described by them both reactions are

highly stereospecific. Bromination occurs with inversion and

debromination is a trans elimination and therefore the threo-diol

-CH(OH)CH(OH ) - HBr>Ac0H>H2s04> -cHBrCHBr-
trans elimination

Zn
-CH=CH-
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gives the trans alkene via the erythro-dibromide and the erythro-

diol gives the cis alkene via the threo-dibromide.

This procedure will not be suitable for unsaturated dihydroxy

acids since the double bond will probably react during the bromin-

ation stage. It has also been shown recently that appropriate

unsaturated hydroxy compounds readily undergo acid-catalysed cyclis-

45
ation to cyclic ethers . For these reasons this procedure has

not been employed in these studies.

46
(ii) Hines et_al_ have described a method in which they first

converted trans-cyclo-octane-j,2-diol(3) to its benzaldehyde acetal

(4), which gave trans-cyclo-octene (5) when treated with a suitable

base such as butyl-lithium.

This reaction seemed potentially attractive except for the

risk that the base (butyl-lithium) might react with the acyl function.

Attempts lo effect the decomposition of the intermediate benzylidene

derivative with sodium methoxide did not show initial promise.

(iii) An elegant synthesis of alkenes from vie diols has been

47
described by Corey and Winter . In this procedure the diol is

reacted with thiocarbonyldiimidazole to produce a cyclic thiono-

carbonate (6). This is then desulphurated with trimethyl phosphite

followed by spontaneous cis elimination of carbon dioxide to give
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the alkene. Corey and Winter proposed that this reaction proceeds

via a carbene intermediate (7) and this is corroborated by the

48
evidence of Horton and Tindall

(6) (7)

49
This method has been successfully used by Horton and Turner

to prepare unsaturated derivatives of carbohydrates and also by

50
Ramachandran et_ al_ to prepare allyl alkyl ethers from 0-alkyl

glycerols. In our hands this method has been successfully employed

to convert erythro- and threo- diols to cis and trans alkenes

respectively.

(iv) There have been many reports of the conversion of terminal

vie dihydroxy compounds to alkenes by reaction of their dimethane-

sulphonyl or ditoluenesulphonyl derivatives with sodium iodide in

v, T + 51-54boiling acetone

RCHOHCH OH MsCl,pyridine > RCH0MsCH 0Ms Nal,acetone > RCH=CH
Z

55
Tipson and Cohen attempted to use this procedure to convert a di-

secondary dimesyl derivative to an alkene without success. However

the reaction was successfully performed using sodium iodide in boiling

dimethylformamide in the presence of zinc dust. The mechanism for

56
this reaction is not entirely clear . However it would appear to
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be nucleophilic substitution of one of the methanesulphonyl groups

by iodide ion followed by further attack by iodide ion causing

trans elimination.

-CH(OMs)CH(OMs)- ^ -CHICH(OMs) — > -CH=CH~
trans elimination

Since the dimesylate is made from the diol without inversion it

follows that the erythro- and threo-diols will furnish cis and trans

alkenes respectively. We have found this method simple and satis¬

factory and used it several times before examining the thionocarbonate

procedure.

57
(v) Ames et al have described a method in which diols are

converted to alkenes in a single stage reaction using phosphonium

iodide in acetic acid. Again this method produces cis and trans

alkenes respectively from erythro and threo diols. Because this

procedure had the same overall stereochemistry as the other procedures

we have found to be satisfactory, and because of the hazardous nature

of phosphonium iodide we have not investigated this method further.

(b) Conversion of alkynes to alkenes

Alkynoic intermediates have been widely used in the synthesis

58
of alkenes. However it was not until Lindlar discovered a catalyst

(palladium-calcium carbonate poisoned with lead acetate), which

permitted the controlled, stereospecific semi-hydrogenation of

alkynes to cis alkenes, that the full potential of this method could

be realised.
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Alkynes can also be reduced to trans alkenes using sodium and

liquid ammonia. Since this method has not been used in this work

it is not discussed further.

(c) Synthesis of alkynes from alkenes

Alkenes can be converted to alkynes by bromination followed

by dehydrobromination.

-CH=CH- > -CHBrCHBr- > -C=C-

It is the latter stage which presents difficulties and to which this

discussion is confined. Dehydrobromination has been achieved with

59
several bases such as alcoholic potash , sodamide in liquid

60 tiS-
ammonia and with the cyclic nitrogen compounds DBU (diazataicyclo

(5,4,0)undec-5-ene) and DBN (1,5-diazabicyclo(4,3,0)non-5-ene)61.
02 03

Butterfield and Dutton and Gunstone and Hornby have both

re-examined the preparation of stearolic acid by dehydrobromination

of 9,10-dibromostearic acid. The former workers used 30% aqueous

o „

potash at 180 C under pressure or 30% potassium hydroxide in refluxing

ethylene glycol (b.p. 196°C) for 6 hours. Gunstone and Hornby

used a 3„5M solution of potassium hydroxide in boiling pentanol

(b.p. 137°C) for 4 hours and claim that under those conditions

elimination is accompanied by migration of the unsaturated centre,

Gunstone and Hornby also used sodamide in liquid ammonia to

prepare a number of alkynoic fatty acids from the appropriate dibromides

and in all cases achieved better than 40% yield with little migration.

They also used DBU and DBN under a variety of conditions. DBU was
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found to be the better reagent and the purest product resulted from

heating with the dibromide at 120°C.
In our hands DBU, under similar conditions, gave tarry products

from which the required acetylenic compound could be isolated only

in low yield. We found that potassium hydroxide (1M) in boiling

ethanol (b.p. 80°C) for 2 hours gave cleaner products and higher

yields, and that there was negligible migration of the unsaturated

centre. Consequently this was our preferred procedure.
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DISCUSSION

A. Synthesis

1) Octadeca-cis-9-cis-12-dienoate

There have been many syntheses of linoleic acid of which a

64 65
large number have been reviewed by Markley and by Osbond

Most of these proceeded through octadeca-9,12-diynoic acid which was

subsequently reduced to the alkadienoate. The synthesis reported

66
by Osbond, Philpott and Wickens is typical:

CH3(CH2)4C=CCH2Br
BrMgC=C(CH ) 7C00H,CuCN,THF

CH 3(CH2)4CsCCH2C=C(CH2)?COOH

1H2,Pd
CH3(CH2)4CH2cHCH2CH=CH(CH2)7COOH

We used naturally occurring linoleic acid in the determination

of its physical properties. However, in a trial experiment to test

the specificity of the thionocarbonate procedure, methyl erythro-12,13-

dihydroxyoleate was converted to a dienoate which had no absorption

at 975 cm 1 (i.e. no trans isomer present) and after von Rudloff

oxidation gave the expected products. On GLC and TLC the products

were identical to authentic linoleate.
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erythro
CH (CH ) CH(OH)CH(OH)CH CH^CH(CH ) COOCH

3 2 4 2 2 7 3

tniocarbonyldiimidazole

> t

CH (CH ) CH—CH-CH CHSCH(CH ) COOCH
3 2 4 J j 2 2 7 3
V

II
s

(CH30)3P

CH (CH ) CH^CHCH CH=CH(CH ) COOCH
o z i z z i o

2) Octadeca-cis-9—trans-12-dienoate

The preparation of octadeca-cis-9-trans-12-dienoate by dehydration

of ricinoleic acid and its derivatives has been known for some time6^.

However in this reaction other dienoates, predominately conjugated, are

also produced and isolation of pure products is difficult. For

6B
example, Jackson et_ al_ have described a method in which the non-

conjugated products were separated from the conjugated by distillation.

A fraction rich in the cis-9-trans-12 isomer was then obtained by

crystallisation.

69
Gaudemaris and Arnaud have reported a synthesis in which they

condensed 1-bromo-oct-trans-2-ene with 9-carboxynon-l-ynylmagnesium

bromide in anhydrous tetrahydrofuran in the presence of cuprous chloride.

The resulting ehynoic acid was then reduced to octadeca-cis-9-trans-12-

dienoic acid using Lindlar's catalyst.
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CH^(CH^)^CH =CH CH gB r

BrMgCsC(CH2)^COOH,CuC1,THF

CH (CH ) CH=CHCH C=C(CH ) COOH
3 2 4 2 2 7

VPd

CH (CH ) CH=CHCH CH==CH(CH ) COOH
o Z 4 Z Zi /

In this work we first prepared methyl threo-12,13-dihydroxy-

oleate from naturally occurring methyl 12,13-epoxyoleate (vernolate),

and then converted this into cis,trans-dienoate by mesylation-

demesylation or by preparation of the thionocarbonate derivative

followed by desulphuration-decarboxylation.

CH (CH ) CH—£HCH CH=CH(CH ) COOCHo 2 *1 ^ ^ 2 2 7 o
0

(i) HOAc
(ii) Alkaline hydrolysis
(iii) BF ,MeOH

O

CH3(CH2)4CH(OH)CH(OH)CH2CH=CH(CH2)7COOCH3
threo

(i) MsCl
(ii) NaI,DMF,Zn

or (i) Thiocarbonyldiimidazole
(ii) (ch3o)3p

CH (CH ) CH=CHCH CH=CH(CH.) COOCH„
3 2 4 2 2 7 3

3) Octadeca-cis-12-trans-9-dienoate

69
This acid has been synthesised by Gaudemaris and Arnaud

Initially they attempted a synthesis analogous to that above, i.e.

condensation of 1-bromo-oct-cis-2-ene with 9-carboxynon-l-ynylmagnesium
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bromide followed by reduction. However the reduction of the alkynoic

function with sodium in liquid ammonia was accompanied by isomerisation

of the cis unsaturation to trans. The synthesis was successfully

performed by condensing 11-bromo-undec-trans-9Trnoic acid with hept-2-

ynlmagnesium bromide followed by semi-hydrogenation in the presence

of Lindlar's catalyst.

In our procedure methyl crepenynate (octadec-cis-9-en~12-ynoate)

was converted to methyl threo-9,10-dihydrox.y-12-ynoate via the epoxide.

This was then mesylated and demesylation gave octadec-trans-9-en-12-

ynoate. Lindlar reduction of this enynoate yielded octadec-cis-12-

trans-9-dienoate.

CH
3 (CH 2 ) 4C=sCCH2CHSCH (CH 2 ) 7C00C^

o^°2CC6H4C03H
Y

RC=£ch rHCHR'

2y
(i) HOAc

vj,(ii) NaOMe

rc=€ch2ch(0h)ch(0h)r'
(i) MsCl

vJXii) Nal , DMF, Zn
rc=cch ch=chr'

H„,Pd
Y ^

ch (ch ) ch=chch ch=ch(ch ) cooch
o A 4 A A ( o

[r - ch3(ch2)4, r' = (ch2)7cooch3]
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4) Octadeea-trans-9-trans-12-dienoate

Octadeca-trans-9-trans-12-dienoic acid (linelaidic acid) has been

prepared by stereomutation of linoleic acid with selenium or nitrous

26
acid and an improved method using nitrogen dioxide has been reported

70 69
by Harlow et_ al_ . Gaudemaris and Arnaud have synthesised this

isomer by condensation of 1-bromo-oct-2-yne with 9-carboxynon-l-ynyl-

magnesium bromide followed by reduction with sodium in liquid ammonia.

4
In a similar synthesis Gunstone and Lie Ken Jie attempted to reduce

the diynoate with lithium and ammonia but could only isolate monoenoic

products.

We have prepared methyl linelaidate by stereomutation of methyl

71
linoleate using (3-mercaptopropionic acid . The required isomer

was isolated from unreacted linoleate and from partially stereomutated

isomers by argentation TLC.

5) Octadec-cis-9-en-12-ynoate

72
Bradshaw et_ have synthesised octadec-cis-9-en-12-ynoate

(crepenynic acid) as indicated below.

We have isolated methyl crepenynate by argentation TLC of

30
methyl esters from Afzelia cuanzensis seed oil
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ch3(ch2)4c=ch
Li.NH CH-CH3 x 2/

V

CH 3(CH2)4CsCCH2CH2OH

PBr„ or Ph PBr
« ^ o o o

CH (CH )4C^CCH2CH2B r

PPh3
\K

CH 3(CH2)4C=CCH2CH 2PPh3Br"
(i) BunLi,Et20
(ii) OHC(CH ) COOCH

Z 8 O

V

CH3(CH2)4C^CH2ch=CH(CH2)7COOCH3

6) Methyl octadec-cis-12-en-9-ynoate

73
Osbond has prepared octadec-cis-12-en-9-ynoic acid by

condensation of 1-bromo-oct-cis-2-ene with 9-carboxynon-l-ynyl-

magnesium bromide in tetrahydrofuran in the presence of cuprous

cyanide.

In the present investigation we have prepared the enynoate

from methyl 12,13-epoxyoleate (methyl vernolate). Methyl vernolate

43
was first converted to methyl erythro-12,13-dihydroxyoleate , This

alkenoate was then brominated and dehydrobrominated to give the

corresponding alkynoic acid. After remethylation, this was converted
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to methyl octadec-cis-12-en-9-ynoate by mesylation-demesylation
and also by desulphuration-decarboxylation of the thionocarbonate

derivative.

ch3(ch2)4chchch2ch=ch(ch2)7cooch3
0

(i) HBr,Et20
(ii) Ac20
(iii) Ag0Ac,H0Ac
(iv) K0H,Et0H

rch(oh)ch(oh)ch2ch=chr'
erythro

(i) Br2,CHCl3
(ii) KOH,EtOH

rch (oh )ch(oh )ch^c^1r'
BF ,MeOH

RCH (OH )CH (OH )CH2C^:R"
(i) MsCl
(ii) Nal,DMF,Zn

or (i) Thiocarbonyldiimidazole
(ii) (ch3o)3p

ch3(ch2)4ch=chch2c^:(ch2)7cooch3

[r = ch3(ch2)4, r' = (ch2)7cooh, r" = (ch2)7cooch3;

7) Methyl octadec-trans-9-en-12-ynoate

69
Gaudemaris and Arnaud have reported a synthesis of this

compound which they used as an intermediate in the synthesis of

octadeca-cis-12-rtrans-9-dienoate (see section (3) above).
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In our synthesis methyl 9,10-epoxyoctadec-12-ynoate was prepared

from methyl crepenynate, 18:2 (9cl2a), and then converted to methyl

threo-9110-dihydroxyoctadec-12-ynoate« The dihydroxy compound was

mesylated and on demesylation gave methyl octadec-trans-9-en-12-ynoate.

ch3(ch2)4c=cch2ch=ch(ch2)7cooch3

O-H°2CC6H4C03H

rceCCI^cii^hr '
o

(i) HOAc
(ii) NaOMe

rchcch2ch(oh)ch(oh)r'
(i) MsCl
(ii) Nal,DMF, Zn

ch3(ch2)4c^:ch2ch=ch(ch2)7cooch3

[r = ch3(ch2)4, r' = (ch2)7cooch3]

8) Methyl octadec-trans-12-en-9-ynoate

In a similar manner to that indicated in (7) above Gaudemaris

69
and Arnaud have synthesised this compound as an intermediate in the

synthesis of octadeca-cis-9-trans-12-dienoate, (see section (2) above).

In the present study we first converted methyl threo-12,13-

dihydroxyoctadec-cis-9-enoate to the corresponding diacetoxy derivative

to prevent participation of the hydroxyl groups in the subsequent
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74
bromination reaction which would probably yield cyclic products

The diacetoxy alkenoate was then brominated and treated with potassium

hydroxide which caused dehydrobromination and hydrolysis to yield

the threo-12,13-dihydroxy-octadec-9-ynoic acid. After remethylation

followed by the mesylation-demesylation procedure methyl octadec-

trans-12-en-9-ynoate was obtained.

ch3(ch2)4ch(oh)ch(oh)ch2ch=ch(ch2)7cooch3

Ac20,Na0Ac
Y

RCH(OAc)CH(OAc)CH CH=CHR'
z

(i) Br2,CHCl3
(ii) KOH,EtOH

y

RCH ( OH )CH ( OH )CH2C ^R"
(i) Me0H,H2S04
(ii) MsCl
(iii) Nal,DMF,Zn
v

CH (CH ) CH=CHCH C=C(CH ) COOCH
3 2 4 2 2 7 3

[R = CH (CH ) . R' = (CH ) COOCH , R" = (CH ) COOH]3 24' 27 3 27

Attempts to achieve the acetylation using boiling acetic

anhydride for one hour or eight hours gave a diacetate which gave

a single spot on TLC (silica) and a single peak when examined by

GLC on an ApL column (ECL 20.61). A DEGS column, however, showed

two peaks (ECLs 29.3 and 29.9) of similar size. After hydrolysis

and remethylation, GLC examination of the dihydroxy ester also
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showed two peaks (DEGS, ECLs 19.7 and 19.9 as trimethylsilyl ethers)

corresponding to the threo and erythro isomers respectively. It

therefore appears that during acetylation there is some isomerisation

of the threo isomer. In an extension of this study to the acetylation

of the erythro isomer and erythro- and threo-9,10-dihydroxystearates

only erythro-12,13-dihydroxyoleate gave a single peak when examined

by GLC.

Alternative methods of acetylation were examined. With boiling

acetyl chloride, reaction was incomplete even after six hours but

satisfactory results were obtained with boiling acetic anhydride in

75
the presence of anhydrous sodium acetate for one hour „ The

products gave a single peak (DEGS, ECL: 29.8) with less than 2% of

the isomeric forms.

9) Octadeca-9,12-diynoic acid

This compound has been synthesised by Gunstone and Lie Ken

4
Jie by reaction of the Grignard reagent of dec-9-ynoic acid with

1 -bromo -oct -2-yne.

The methyl ester of this acid from the above synthesis has been

used in this work.
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B Physical Properties

1) Thin Layer Chromatography

Thin layer chromatography is now well established as a powerful

analytical tool. It has been widely used for the separation of long

chain fatty esters and other lipids. A most significant advance

in the usefulness of TLC was the discovery that compounds with different

types and degrees of unsaturation could be separated on silver nitrate

impregnated plates.

76
Nichols predicted that the difference in stability of the

silver complexes of methyl oleate and elaidate might provide a basis

77
for their separation. This was verified by Dutton et_ al_ using

78
counter-current distribution. Shortly after this De Vries

described the use of silica impregnated with silver nitrate as a

column chromatography adsorbent which facilitated the separation

of mixtures of compounds of varying type and degree of unsaturation.

79
Barret et_ al^ simultaneously published details of the separation of

glycerides into classes according to their degree of unsaturation

using TLC on silica impregnated with silver nitrate, and this was

later developed into a valuable procedure for the quantitative analysis
80

of triglycerides in terms of double bond numbers

Of the large amount of material which has now been published

in this field the most pertinent is that in which systematic studies

5
on series of isomers have been made. Gunstone et_ al^ have described

the argentation TLC of all the cis and trans octadecenoates and



- 25 -

Barve has published similar data for the octadecynoates. Gunstone

4
and Lie Ken Jie have examined a number of cis,cis, trans,trans and

diacetylenic C methyl esters and have demonstrated that differences

in are dependent on the number of methylene groups between the

two unsaturated centres.

We have now studied the argentation TLC behaviour of the

nine 9,12 diunsaturated methyl esters. Toluene and an ether-petroleum

mixture (PE20) have been used as developing solvents at 20°C, and both

give very similar types of separation (see plates I and II). Table

1 shows the rates of movement of the compounds relative to methyl

linoleate (9c_, 12c). These are denoted values instead of the

conventional Rf values.
2

Barve has studied the separation of the cis and trans octadecen-

oates and the octadecynoates using toluene or an ether-petroleum

mixture (PE4) as developing solvents. At 20°C he finds that for any

2
set of positional derivatives, except A , the order of R^ is
t_ > c_ > a. in the 9,12 diunsaturated esters we have also found a

systematic TLC behaviour (see table 2).

In any group of three 9,12-diunsaturated esters having one

unsaturated centre in common the rate of migration depends on the

variable unsaturated centre and is always in the order t_ > a > c_.

This is shown in Table 2 where the only exception is seen to be in the

series 9al2c^, 9al2a, and 9al2jt in toluene with an order a > t_ > c^.



PLATE I

TLC of the 9,12-diunsaturated derivatives of methyl octadecanoate

(1st letter = A9 unsaturation, 2nd letter = Al2
unsaturation)

Absorbent: 10% AgNO^ in Silica gel G.
Solvent: Toluene



PLATE II

of 9,12-diunsaturated derivatives of methyl octadecanoate

c,c c,t t, c t, t c_, a a > £. t_, a a, t_ a,a

(1st letter = A9 unsaturation, 2nd letter = Al2 unsaturation

Absorbent: 10% AgNO^ on Silica gel G.
Solvent: PE20
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TABLE 1

values of the 9,12-diunsaturated derivatives of methyl octadecanoate

Ester

9c_, 12c^

9c_, 12

9t_, 12£

9t_, 121_

9c_, 12a

9a, 12c^

9t_, 12a

9a,12t^

9a,12a

Toluene

1.00 '

1.85-

1.85 .

2.17

1.67'

1.67 *

2.08

1.98

2.00

PE20

1.00 '

1.32'

1.32 '

1.46

1.17.

1.17 .

1.36 '

1.36

1.31'
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TABLE 2

Comparison of values of 9,12-diunsaturated derivatives of methyl

octadecanoate.

a) Toluene

Al2

b) PE20

A12

A9

1.00 1.67 1.85

1.67 2.00 2.08

1.85 1.98 2.17

/

A9

1.00 1.17 1.32

1.17 1.31 1.36

1.32 1.36 1.46
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2) Gas Liquid Chromatography

The first successful gas chromatographic experiment was carried

out in 1952 by James and Martin®1 who separated, appropriately, a

mixture of fatty acids on a column containing silicone oil supported

on kieselguhr. The amounts of separated acids were determined as

they emerged from the column by means of an automatic titration

detector. Since 1952 there have been dramatic advances in gas

chromatography, including the invention of sophisticated detectors

and the discovery of a wide range of stationary phases and support

materials, all of which have made the technique as valuable as it is

today. The study of fatty acids is a field in which GLC has made

tremendous impact. It has permitted the accurate analysis of many

natural fats and oils and the discovery of many previously unknown

acids.

It has been established that the retention characteristics of

fatty esters are consistent under standardised chromatographic

conditions. Hence the measurement of retention time of an unknown

ester relative to those of standard esters can lead to a tentative

identification. A system in which retention data is expressed in
82

the form of "equivalent chain length" (ECL) has been developed

82,83
and ECL data are known for a wide variety of fatty esters

5,7,84
Gunstone et_ al_ have published ECL values for the complete

series of cis and trans octadecenoates and octadecynoates and for

85
some dienoic and diynoic esters. Christie has reported data for

the complete series of methylene interrupted dienes.
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We have determined ECL values for the nine 9,12 diunsaturated

derivatives of methyl octadecanoate on 50 m capilliary columns with

a polar stationary phase (diethyleneglycol succinate - DEGS) and a

non-polar stationary phase (Apiezon L - ApL). These values are

given in table 3 and are the average of at least two determinations.

The values obtained on ApL are extremely reproducible, the maximum

variation found for any one ester was 0.04 ECL unit and the average

for the measurements on all nine esters was 0.01. The DEGS column

gave less satisfactory results, maximum variation was 0.25 ECL unit

and the average for the whole series was.0.11.

The ECL values from the ApL column show good agreement with

previously published values. For the octadecadienoates the results
86 7 ^7

of Cartoni , Gunstone and Lie Ken Jie and Scholfield and Dutton
95

agree to within 0.02 ECL unit and those of Strocchi et al_ to within
83

0.1 ECL unit. Hoffstetter et_ al_ give a value for the ECL of

methyl crepenynate that is within 0.01 of ours. Published values

for the ECL of the diynoate show the largest difference from ours

7
(18.47), Gunstone and Lie Ken Jie have reported 18.23 and Hoffstetter

et al give 18.30.

Our values for octadecadienoates obtained on a DEGS column show

87
fair agreement with those of Scholfield and Dutton but those of

88
Litchfield et_ al_ are c„ 0.5 ECL units higher than ours. However

89
it is accepted that polyester columns do not give reproducible

results.
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The availability of ECL data for the unsaturated esters is of

obvious value in the identification of unknown compounds. Recently

there have been several attempts to use the data for the monounsaturated

2 7 90 91 91
esters to predict the ECLs of polyunsaturated esters ' ' ' Ackman

has defined the "fractional chain length" (FCL) of a substituent or

functional group in a compound as the difference between the ECL of

that compound and the ECL of the saturated, unsubstituted compound

of the same chain length, Gunstone and Lie Ken Jie and Barve have

calculated ECLs of diunsaturated esters by summing FCLs derived from

the relevant monounsaturated esters. They found good agreement

between the calculated and observed values when the unsaturated centres

84
are separated by more than two methylene groups. Barve et_ al_

have called the difference between observed and calculated FCLs the

"correction factor". They have found that cis,cis and trans,trans

dienoates and diynoates, with the unsaturated centres in the same

positions, have different correction factors. Positional isomers of

the same class (e.g. cis,cis dienes), having the same number of

methylene groups between the unsaturated centres, have similar

correction factors.

We have extended the work of Gunstone and Lie, and Barve by

applying this treatment to the whole series of diunsaturated compounds

(see tables 4 and 5). The ECLs of the required monounsaturated

esters were obtained at the same time as those of the diunsaturated

esters (see table 3),
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TABLE 3

ECL values of mono- and di^unsaturated derivatives of methyl octadecanoate

Ester ApL DEGS

9c 17.64 18.33

9t_ 17.72 18.32

9a 17.80 19.84

12c 17.74 18.55

12t_ 17.77 18.43

12a 17.96 20.07

9c,12c 17.50 19.05

9c_, 12t_ 17.60 18.93

9t_,12c 17.65 19.03

9t_, 12t_ 17.63 18.90

9c_, 12a 17.91 20.87

9a,12c 17.97 20.91

9t_, 12a 18.03 21.19

9a,12t_ 18.00 20.98

9a,12a 18.47 23.01
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TABLE 4

Calculated and Observed Values of ECLs of diunsaturated derivatives

of methyl octadecanoate on ApL

Ester Observed Calculated Correction Factor

9c,12c 17.50 17.38 0.12

9c_, 121_ 17.60 17.41 0.19

9t_, 12c_ 17.65 17.46 0.19

9t_,12t_ 17.63 17.49 0.14

9c_, 12a 17.91 17.60 0.31

9a,12c 17.97 17.54 0.43

9t,12a 18.03 17.68 0.35

9a, 12t_ 18.00 17.57 0.43

9a,12a 18.47 17.76 0.71
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TABLE 5

Calculated and Observed Values of ECLs of diunsaturated derivatives

of methyl octadecanoate on PEGS

Ester

9cj 12c_

9c_, 12t_

9t_, 12c_

9t_, 12t_

9c_, 12a

9a, 12c_

9t_, 12a

9a, 12t_

9a,12a

Observed

19.05

18.93

19.03

18.90

20.87

20.91

21.19

20.98

23.01

Calculated

18.88

18.76

18.87

18.75

20.40

20.39

20.39

20.27

21.91

Correction Factor

0.17

0.17

0.16

0.15

0.47

0.52

0.80

0.71

1.10
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It is difficult to draw any conclusions from this limited range

of results. On ApL the correction factors of the cis,cis and trans,

trans dienoates are very similar, indicating that the type of alkenoic

unsaturation has little effect on the agreement of the observed and

calculated results. It is therefore surprising that, though the two

isomeric cis,trans dienoates have identical correction factors, these

are significantly higher than those mentioned above.

The correction factors for the enynoates are larger than those

of the dienoates and that of the diynoate is larger still. The

cis and trans enynoates appear to fall into two groups depending not

on the configuration of the double bond but on the position of the

alkyne unsaturation.

On DEGS all the dienoates have similar correction factors,

However, the poor reproducibility of data from this column could be

masking differences.

The enynoates have larger correction factors which, again, can

be divided into two types. In contrast to the ApL data, the common

factor in each group is the type of alkenoic unsaturation rather

than the position of the alkynoic centre. Hence in this case, it

would appear to be the stereochemistry of the whole unsaturated centre

which affects the magnitude of the correction factor.

Again, on DEGS, the diynoate has a larger correction factor than

all the other 9,12 diunsaturated esters.
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3) Nuclear Magnetic Resonance Spectrometry

Nuclear magnetic resonance is one of the newer techniques available

to chemists. It provides an elegant method of examining hydrogen

atoms within organic molecules and the information obtained can be

used, alone or in combination with other spectroscopic evidence,

to determine the structures of these molecules.

92
Hopkins and Bernstein studied a range of long chain acids and

related compounds and since then a number of papers have been published

8
on the NMR properties of many fatty acids. Gunstone and Ismail have

studied the NMR behaviour of all the cis-octadecenoates and some octa-

2
decynoates and Barve has made a similar study of all the trans-octa-

decenoates and all the octadecynoates. The complete series of 1,4-

3
cis,cis-octadecadienoates have been examined by Christie and Holman

9
and Gunstone, Lie Ken Jie and Wall have examined a number of cis,cis

and trans,trans alkadienoates and the related alkadiynoates. The

NMR spectra of methyl linoleate and methyl linelaidate and the free

93
acids have been reported many times, e.g. Purcell et_ al_ . The NMR

spectrum of natural methyl crepenynate (9c_, 12a) was reported by
24 72

Mikolajczak et_ al_ and that of a synthetic sample by Bradshaw et_ al_

Until relatively recently spectra were obtained at 40, 60 or

100 MHz. With higher frequency instruments the chemical shifts (Hz)

become larger but the coupling constants are unchanged, therefore the

resolution of signals is better. If the difference between the chemical

shifts (Hz) of interacting nuclei is much larger than their coupling



- 36 -

constants then the signals can be analysed by first order treatment .

Therefore an additional advantage of high frequency spectrometry is

that it may reduce higher order signals to first order and hence make

interpretation and determination of coupling constants easier. 220

MHz spectrometers, which give far greater resolution than was

previously possible, are now available.

In these studies we have examined the NMR spectra at 220 MHz of

the nine 9,12 diunsaturated derivatives of methyl octadecanoates and

of a number of cis,cis-octadecadienoates. These latter compounds were

9
examined by Gunstone et_ al_ at 100 MHz but the greater resolving power

of the 220 MHz spectrometer has permitted a more detailed treatment.

Unless otherwise stated, spectra were obtained using 10% solutions in

carbon tetrachloride. The chemical shifts are summarised in table 6.

The spectra show nine major signals which are discussed here.

i) Methyl group (hydrocarbon chain)

These three equivalent protons give a sharp triplet at 9.10-9„12t

unaffected by any of the unsaturated centres in these compounds.

ii) Hydrocarbon chain methylene groups

The bulk of the methylene protons in these compounds give rise to

a signal around 8.7t. The signals have a tendency to broaden at the



TABLE6

PrincipalfeaturesintheNMRspectraofsomediunsaturatedderivativesofmethyloctadecanoate (xvalues)

„.̂..MethylMethyleneMethylene„MethyleneMethyleneMethylEsterOlefinic ^̂PropargylicAllylic0J ,,' ..J x(ester;C(ll)atoesterptoester(chain)(chain) a

6c

9c4.72

6.41

7.28

7,76

7.96

8.38

8.72

9.12

6c

10c_4.71

6.42

7.78

7.98

8.41

8.74

9.12

6c

11c4.70

6.42

7.78

8.00

8.40

8.72

9.12

6c

12c4.72

6.42

7.78

8.01

8.40

8.67-8.71
9.11

7c

12c4.71

6.42

7.79

8.01

8.38

8.69

9.11

8c

12c4.71

6.42

7.79

7.97

8.42

8.69

9.11

9c

12c4.73

6.42

7.29

7.79

8.01

8.42

8.67

9.11

9c

12t_4.69

6.42

7.33

7.79

8.03

8.43

8.68

9.12

9t_

12c4.69

6,42

7.32

7.79

8.03

8.44

8.70

9.11

9t_

12^4.68

6,42

7.38

7.78

8.04

8.42

8.69

9.10

9c_

12ab4,67

6.42

7.21

7,78

7.97

8.44

8.68

9.10

9a

12£4.68

6.43

7.21

7.79

7.937.98
8.42

8.66

9.12

9t

12aC4.44,
4,696.42

7,23

7.79

7,898.02
8.42

8.68

9.10

9a

12^4.45,
4.726.42

7.23

7.79

7.908.04
8.42

8.68

9.12

9a,

12ad

6.42

7.02

7.78

7.91

8.39

8.62

9.10

a ,

b

0(8)

Seesection
(viii)

8.51t,Methylene{3toalkynegroup8.54t,MethyleneBtoalkynegroup
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base due to slight. deshielding of some of the protons causing the

signal to move downfield. In particular, the enyness show partial

resolution on the low-field edge of this methylene signal. This

probably results from deshielding by the alkyne group on the homo-

propargylic protons.

i1i) Methylene groups a and ft to the ester group

The ester function exerts a considerable deshielding effect on

the protons of the adjacent methylene groups. In 60 MHz spectra

this is merely seen as a broadening at the base of the chain methylene

proton sighal and in the 100 MHz spectra the signal due to the

deshielded protons a to the ester group can be seen as a discrete

signal. Spectra obtained with the 220 MHz spectrometer also show the

signal of the more weakly deshielded protons f3 to the ester group.

The protons a to the ester group give a sharp triplet at 7.76 to

7.79t (J = 7.5 Hz) and those (3 to the ester group give a signal at

8.38-§.43t. This latter is generally seen as a quintet but in some

spectra is less well resolved and appears as a triplet.

iv) Allylic and propargylic protons

Double and triple bonds have a deshielding influence on the

protons of adjacent methylene groups and hence the NMR signals of

allylic and propargylic protons are downfield from the chain methylene
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proton signal. [Methylene protons adjacent to two unsaturated centres

are subject to the influences of both groups and their signals are

i 2
found still further downfield. This is discussed later]. Barve

has examined the NMR spectra of alkenoates and alkynoates and reports

that propargylic protons are more deshielded than allylic protons and

9
this is borne out by the findings of Gunstone ejt^ al_ on a number of

94
diunsaturated esters. Van Gorkom and Hall have reported the range

of chemical shifts of allylic and propargylic protons found in a number

of compounds. These are compared with the observations of the above

workers and with our findings in table 7.

TABLE 7

Chemical Shifts of Allylic and Propargylic Protons

Reference Chemical Shift (t)

Allylic Propargylic

Van Gorkom and Hall

2
Barve

9
Gunstone et_ al_

This work

94
7.90-8.05

7.98-8.08

7.96-8.08

7,96-8.04

7.78-7.92

7.82-7.97

7.75-7.94

7.91-7.97
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In the cis,cis dienoates where the double bonds are separated

by more than one methylene group there are eight allylic protons. In

all of these compounds the signal is a poorly defined multiplet except

in the 7,12 isomer where there is a quartet (two overlapping triplets).

The coupling constant with the adjacent methylene protons is 7 Hz and

that with the adjacent olefinic proton is 5.5 Hz.

The allylic proton signals in the methylene interrupted 9,12-

dienoates are poorly resolved multiplets but in the 6-cis,9-cis isomer

it is a quintet (J = 7).

The enynoates have both allylic and propargylic protons. In

the trans enynoates two distinct signals are seen for the allylic and

propargylic protons but in the cis isomers they are not resolved. This

is because the cis double bond has a greater deshielding effect than the

trans which, in the cis isomers, bringsthe allylic proton signal closer

to the propargylic proton signal. in the trans enynoates the two

signals are multiplets which can be analysed as follows:

-CH CH CHICHCH C CH CH -
z z z z z

ABC D E F

JAB = 7112' JBC = 7112' JEF = 6-5flz> JDE = 2Hz

Methyl octadeca-9,12-diynoate has four propargylic protons.

These give a multiplet signal which can be analysed into three over¬

lapping triplets. The coupling constant between the propargylic protons

and those of the adjacent methylene group is 6.5Hz and that with the
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isolated methylene protons is 2Hz, as in the trans enynoates above.

-CH2CH2CHCCH 2CH€CH2CH2-
A B C B A

JAB " 6'5HZ' JBC ' 2HZ

?
v) Isolated methylene protons

The protons of methylene groups isolated between two unsaturated

centres are subject to the deshielding influences of both groups. The

values obtained for the chemical shift of these protons in methyl

octadeca~cis-9-cis-12-dienoate and methyl octadeca-trans-9-trans-12-

3 9
dienoate have been measured by Christie and Holman , Gunstone et_ al_

93
and Purcell et_ al_ and agree well with our values. Van Gorkom and

Hall have examined a range of methylene interrupted cis,cis dienes

and diynes and have reported the range of chemical shifts observed

(7.15-7.27T and 6.78-7.02T respectively). We have found that our

values lie at the upper extremes of these ranges. The results

2
reported by the above workers and those of Barve indicate that the

deshielding influences of unsaturated groups are in the order a > c_ > t_.

Our studies on the complete series of 9,12-diunsaturated compounds

provide an elegant corroboration of this thesis. This effect can be

seen in table 8 where groups of three 9,12 diunsaturated esters,

having one unsaturated centre in common and the other different, are

compared.
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TABLE 8

Comparison of the chemical shifts of the isolated methylene protons of

the 9,12-diunsaturated derivatives of methyl octadecanoate

a c t

a
* 7.02 7.21 7.23

c 7.21 7.29 7.32

t 7.23 7.33 7.38

In all the methylene interrupted dienoates except methyl octadeca-

trans-9-trans-12-dienoate the signal is a triplet (J = 5Hz) and in the

enynoates it is a multiplet. The C(ll) protons of methyl octadeca-

9,12-diynoate are coupled, through the triple bonds, with the propargylic

protons, hence the signal is a quintuplet (J = 2Hz).

vi) Ester methyl

In all the spectra studied the ester methyl protons give a

sharp singlet at 6.41-6.43T.

vii) Olefinic protons

The olefinic protons are the most highly deshielded in these
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compounds and hence their signals are further downfield. Van Gorkom

94
and Hall have found that the olefinic signals for a range of cis

8
unsaturated compounds lie between 4.55 and 4.71t. Gunstone and Ismail

found that the olefinic proton signals for the A3-A16 cis-octadecenoates

3 9
lie within this range as did Christie and Holman and Gunstone et_ al^

2
for cis,cis-dienoates. Barve has reported the chemical shifts of the

9
olefinic protons in trans monoenoates and Gunstone et_ al_ have reported

similar data for some trans,trans dienoates. These are slightly down-

field from the corresponding cis isomers.

The range of cis,cis dienoates we have studied includes isomers

where the unsaturated centres are separated by 1, 2, 3 and 4 methylene

groups (n). In all the spectra the olefinic protons give complex

signals with a large amount of fine splitting. An approximate

description of each signal is given below.

Isomer n Olefinic proton signal

6.9

6.10

6.11

2

1

3

Multiplet

Apparent doublet

Apparent quartet

6,12 4 Apparent quartet

Apparent triplet

Apparent triplet

Multiplet

7,12 3

8,12 2

9,12 1
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It is not possible to analyse these signals further but an

unexpected feature is that double bonds separated by the same number

of methylene groups give different types of olefinic proton signals.

Therefore it would appear that these signals are affected not only

by separation of the double bonds but also by the position of the

whole unsaturated centre.

The 9,12 alkadienoates and the 6-cis,9~cis isomer give multiplet

signals which cannot be analysed further. An attempt to resolve the

two olefinic signals of the 9c_, 12t_ isomer by obtaining its spectrum

in benzene-D_ was unsuccessful.
6

The olefinic signals in the 220 MHz spectra of the cis-enynoates

are multiplets, but in the trans isomers are split into two separate

groups of multiplets. The coupling constants have been obtained

for these signals and assigned as given below by use of a spin-

decoupling experiment in which the sample was irradiated at the C(ll)

methylene proton signal.(A).

t
-C=CCH CH=CHCH -

^ z

A B C D

JAB = 5'5HZ' JBC =15 HZ> JCD = 1HZ

When the cis-enynoate spectra are obtained using benzene-Dg the
single multiplet is separated into two groups of multiplets and from

this the following coupling constants can be obtained.
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-c=cch2ch!ch -ch2-
a b c d

= 7Hz, J0C = 10Hz, ' JCD = 7Hz (In benzene-Dg)

viii) Methylene protons B to the alkynoic groups

The deshielding properties of alkyne groups have already been

discussed (section v). The spectra of methyl octadec-trans-9-en-12-

ynoate and octadeca-9,12-diynoate have a signal, slightly downfield

from the main methylene proton signal, which is probably due to the

deshielded methylene groups (3 to the triple bonds. There is some

evidence of this signal in the 9al2t^ 9c_12a and 9al2c^ isomers but it

is not as well resolved as in the two examples above.



PART II

THE EPOXYSTEARIC ACIDS
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INTRODUCTION

Natural occurrence of epoxy acids

Vernolic acid (cis-12,13-epoxyoctadec-cis-9-enoic)acid was the

first naturally occurring epoxy fatty acid to be discovered. The

structure of this acid, previously considered to be 11-hydroxyoctadec-

96
9-enoic acid, was elucidated by Gunstone . Since then epoxy fatty

acids have been discovered in a number of seed oils and in plant rusts

97
and other fungi. However, as Earle reports, although six natural

epoxy acids are now known only vernolic acid is found at levels

greater than 15%. Its occurrence at this level or above (up to

values of 75%) has been reported in four plant families.

Vernolic acid was originally discovered in Vernonia anthelmintics

seed oil and this is still one of the best sources. Since then

vernolic acid has been found in many seed oils including other Vernonia

97 98
species . Chisholm and Hopkins discovered that the unusual

99
fatty acid found by Clopton g_L al. in Hibiscus esculentus seed oil was

in fact the enantiomer of vernolic acid.

The only saturated C epoxy acids which have been found at the
18

present time are the cis- and trans-9,10-epoxyoctadecanoates. Chisholm

and Hopkins100 first discovered cis-9,10-epoxyoctadecanoic acid in

Tragopogon porrifolius oil and it has since been found in other oils,

but always in small quantities. However in the lipids of wheat stem

rust, Puccinia grandis, epoxystearic comprises 27% of the fatty acids101.
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Olive oil contains a very small amount of the trans isomer. It was

102
first discovered by Vioque et_ al^ in orujo oil, the oil obtained by

solvent extraction of pressed olive pulp.

The remaining natural epoxy acids are all unsaturated C1Q18

compounds they are;

cis-9,10-Epoxyoctadec-cis-12-enoic acid (coronaric)

103
discovered by Smith et_ aJL_ in Chrysanthemum coronarium seed oil.

cis-15,16~Epoxyoctadeca-cis-9-cis-12-dienoic acid (epoxylinoleic)

104
discovered by Gunstone and Morris in oil from Camelina sativa.

cis-9,10-Epoxyoctadec-12-ynoic acid discovered by Conacher and

105
Gunstone in Heliehrysum bracteatum oil,

els-9,10-Epoxyoctadeca-trans-3-cis-12-dienoic acid discovered by

106
by Kleiman in Stenachaenium macrocephalum oil.

Biological and commercial significance of epoxy acids

Little is known about the metabolism of epoxy fatty acids.

107
Gunstone observed that the naturally occurring epoxy acids were

related to the common C, „ unsaturated acids, oleic, linoleie and1 O

linolenic. He later proposed that the unsaturated epoxy acids might

be intermediates in the interconversion of linoleic and crepenynic

108
acids to hydroxy acids having conjugated unsaturation . Miwa

109
et al followed the change in composition of Vernonia anthelmintica

seed oil in order to elucidate the mode of biosynthesis of vernolic

acid and its relationship to other acids. They found that in the
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early stages of seed development oleic and linoleic acids were the

major biosynthetic products and their results suggest that vernolic

acid is then produced by hydroxylation of oleic acid followed by

dehydration. Knoche^"^ has demonstrated the incorporation of

labelled acetate, stearate and oleate into 9,10-epoxyoctadecanoate

in the wheat red-stem rust, Puccinia graminis. Stearate and oleate

are incorporated without undergoing (3-oxidation, therefore the

saturated acid may be formed first and then desaturated prior to

conversion to the epoxy acid.

In recent years there has been increasing interest in natural

and derived fatty epoxides directed towards their industrial

utilisation in products such as resins, plastics and detergents.

In the plastics industry epoxy fatty acids are widely used as

stabilisers and plasticisers of poly(vinyl chloride). The stabilisi

properties are due to the ability of the oxirane groups to scavenge

residual hydrogen chloride-in the polymer during which the epoxide

is converted to its chlorohydrin. Riser et_ al"*"^ and Krewson
112

et al have evaluated the plasticising properties of a number of

vernolic acid derivatives.

Methods of synthesis of epoxides

There are several well established methods of conversion of

olefins into epoxides. These include:

i) Oxidation with peroxy acid
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ii) Oxidation with hydrogen peroxide

iii) Dehydrohalogenation after addition of hypohalous acid.

1X3
These and other methods have been reviewed by Rosowsky . Of these

the first is well established and, provided the olefinic group to

be epoxidised is susceptible to attack by peroxy acids, is excellent

for preparative purposes. The reaction is highly stereospecific,

proceeds under mild conditions and is generally conducted in a non-

reactive solvent such as chloroform or ether. Reaction times are

normally short and yields are normally high.

114
The discovery of this reaction is attributed to Prileschajew

who used perbenzoic acid as the epoxidising reagent. Since then

other peroxy acids including monoperphthalic, peracetic, m-chloro-

perbenzoic and p-nitroperbenzoic acids have been used. Peracetic acid

must be used with caution. In inert solvents good yields of epoxide

can be obtained, however isolation of peracetic acid free of acetic

acid is time consuming and hazardous . Hence the reagent is most

conveniently used in solution in acetic acid. Under these conditions

epoxidation is followed by acid-catalysed acetolysis. Monoperphthalic

acid offers only minor advantages over perbenzoic acid; it is more

stable and hence can be used where long reaction times are necessary

o
and also can be stored in ethereal solution at 0 C. m-Chloroperbenzoic

acid is a very convenient reagent for epoxidation. It is a stable

o
solid which can be stored at 0 C and is much more reactive than

perbenzoic or moncperphthalic acids.
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DISCUSSION

Synthesis of methyl epoxyoctadecanoates

There are thirty one methyl epoxyoctadecanoates.of which only

eight appear to have been prepared before. The 9,10-epoxyoctadecanoates

occur naturally and are also readily prepared from oleic and elaidic

acids using peroxy acids or by dehydrohalogenation. The procedures

described by Swern et_ al^^ and Nicolet and Poulter"*""*"® are typical.

Similarly the epoxides of the naturally occurring A6 alkenoate,

i . . . , ,, , 117.118 „„ 119petroselxnxc acxd, are well known ' . Myers has epoxidised

the cis and trans octadec-2-enoates and has used the scheme devised

120
by Swern to correlate their configurations with those of the

121
related dihydroxy and bromoacetoxy derivatives. Jennen and Everaerts

have synthesised 17,18-epoxyoctadecanoic acid by epoxidation of

isanic acid (octadec-17-en-9,11-diynoic acid) followed by hydrogenation

at 2-3 atmospheres with palladium-barium carbonate as catalyst.

In this work we have synthesised the epoxides of all the methyl

octadecenoates using m-chloroperbenzoic acid in chloroform. Under

our conditions all the alkenoates gave quantitative yields of

epoxide within 3 hours,except for five isomers which gave incomplete

yields even after prolonged reaction times. These were the cis-2

(12 days), trans-2 (12 days), cis-3 (24 hours), trans-3 (48 hours)

and the A17 (48 hours) esters which were allowed to react for the

times indicated.

Epoxidation is considered to be an electrophilic addition

which proceeds as follows;
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In the A2 and A3 alkenoates the electronegativity of the ester

function deactivates the double bond for electrophilic attack. The

weakening of this electron withdrawing effect with increase in

separation of the olefinic centre and the ester function is demonstrated

by the difference in reaction time required by the A2 (12 days), A3

(24 or 48 hours) and A4 (3 hours) isomers. Similarly the mono-

substituted double bond in the A17 isomer is less reactive. These

122
findings are in accordance with those of Swern who showed that

successive substitution of electron releasing groups for the hydrogen

atoms attached to the double bond causes increased activity. It

is expected therefore that monoalkylated alkenes will be less

reactive than dialkylated alkenes.
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Physical Properties

1) Melting Points of the Epoxyoctadecanoic Acids

The epoxyoctadecanoic acids were obtained by alkaline hydrolysis

of the methyl esters. The epoxide group has been retained in all

isomers except the 3,4; 4,5; 5,6 and 17,18. This has been demonstrated

by comparison (GLC, TLC and NMR) of the original esters and of the acids

after remethylation with diazomethane. The hydrolysis products of the

isomers where the epoxide group was destroyed have not been identified,

because of lack of time.

The melting points of the epoxyoctadecanoic acids are given in

table 9 and are illustrated graphically in figure 1. The melting points

of some of the methyl esters of these acids are also given in table 9.

Some of these melting points have been reported previously and

in general the values are in good agreement with ours. These are

summarised in table 10.

The graph of the melting points of the cis-epoxyoctadecanoic

acids shows alternation. This effect has been observed previously

123
in the cis and trans octadecenoic acids by Huber and by Gunstone and

124
Ismail . Alternation is much smaller in the trans series. The

graph is a fairly smooth saucer shaped curve in the central rpgion lying

between the maxima and minima of the graph of the cis acids. These

effects are caused by differences in packing of the molecules in the

crystals which can only be elaborated on after appropriate crystallo-

graphic studies.
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Table 9

Melting points (°C) of the epoxyoctadecanoic acids and some methyl esters

Isomer

cis trans

acid ester acid ester

2.3 84.0-86,5 85.0-88.0

3.4 (94.5-96.0)* (92.0-95.0)*

4.5 (92.0-93.0)* 33.0-34.0 (110.0-112.0)* 37.0-39.5

5.6 (93.5-95.0)* (125.0-126.5)*

6.7 56.5-58.0 64.5-65.5

7.8 46,5-48.0 54.0-55.0

8.9 55.0-56.0 52.5-54.0

9.10 56.0-57.0 52.0-53.0

10.11 55.0-56.0 51.0-52.5

11.12 41.5-44.0 51.0-52.0 29.5-30.5

12.13 52.0-53.5 51.0-53.5

13.14 46.5-48.0 53.0-55.0 32.5-34.0

14.15 54.5-56.5 56.0-58.5 33.0-34.0

15.16 47.0-49.0 59.5-62.0 42.0-44.0

16.17 57.0-58.5 37.0-38.0 80.0-82.0 40.0-43.0

17.18 (75.0-76.5)* 38.0-40.0

* Have been shown not to be epoxy acids
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Table 10

Comparison of melting points with published data

Acids

Isomer cis trans

119 119
2,3 90.5 87.5

a 125
84.0-86.5 83.5

131
11,12 46.0-47.6

41.5-44.0a

126
89.5-90.0

85.0-88.0a

lift lift
6,7 59.5-60.0 65.5-66.0

127 127
58.0-59.0 64.0

56.5-58.0a 64.5-65.5a

9,10 58.5-59.5101 52.0-54.0102
,.128 „ , __ ,.12958.0-59.5 55.1-55.5

57.0-57.5130 54.9-55.3130
56.0-57.0a 52.0-53.0a

17,18 62.5-63.5

75.0-76.5a

121

a
= This work
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2) Thin layer chromatography

The thin layer chromatographic properties of several complete

series of fatty acids have already been published. Morris and

132
Wharry examined the isomeric hydroxyoctadecanoates on silica layers

and found them to fall on a sinusoidal curve. They further predicted

from existing data that the isomeric methyl octadecenoates would also

conform to this pattern on thin layers of silica impregnated with

5
silver nitrate. This was confirmed by Gunstone et_ al_ who examined

the complete series of cis and trans methyl octadecenoates on silver

6
nitrate impregnated layers. Christie found a similar effect when

he examined the TLC behaviour of the complete series of methylene

interrupted methyl octadecadienoates.

We have now examined the TLC behaviour of the complete series of

methyl cis- and trans-epoxyoctadecanoates on silica plates, (see

plate III). The two series give two sinusoidal curves. It is

possible to separate each cis and trans pair of epoxides, with the

exception of the 2,3-epoxyoctadecanoates. The trans isomer has

the higher in each case.

3) Gas-liquid chromatography

In these studies the GLC behaviour of the complete series of

methyl cis- and trans-epoxyoctadecanoates has been examined using

packed columns with polar (DEGS) or non-polar (ApL) stationary phases.

The results are summarised in tables .11 and 12. In most cases these values
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TLC of methyl epoxyoctadecanoates
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are single determinations. However, four determinations on each of

four isomers on the two stationary phases give the following results;

Average variation Maximum variation (of four isomers)

ApL 0.05 ECL 0.10 ECL

DEGS 0.16 ECL 0.25 ECL

There appears to have been only two previous reports of GLC

82
examination of epoxystearates. Miwa reported an ECL of 19.6 for

133
methyl cis-9,10-epoxystearate and Conacher and Gunstone have reported

ECLs 19.3 (ApL) and 24.0 (DEGS) for methyl 12,13-epoxystearate.

We have also examined the separation of some isomers on the

packed DEGS column, (See table 13). The degree of separation is

indicated by number of asterisks, one asterisk indicates minimal

separation (i.e.two maxima observed) and four asterisks indicates

baseline separation. Our column efficiency was 1,700 theoretical

plates and it can be seen that a difference in ECLs greater than

0,2 ECL units was required before two isomers could be

resolved. On this basis it should be possible to achieve at least

partial separation of each cis and trans pair of epoxides. Table 13

shows two examples, the 9,10 isomers being those in which one would

expect the poorest separation.

The majority of these compounds gave a single GLC peak but, as

will be seen from tables 11 and 12, a few showed partial or total

decomposition. Epoxides are known to be fairly labile compounds,
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133a
particularly under acid conditions or at high temperatures . It is

difficult to postulate mechanisms and products of these decompositions

particularly since we have not identified any of the products. However

it would seem that two different types of decomposition are being

observed. On DECS all of the isomers which show decomposition are

those in which the epoxide group is close to the ester function. Some,

though not all, of these epoxides also decompose on the ApL column, but

here decomposition is also seen in epoxides where the epoxide group

is at the other end of the molecule.

Table n

GLC behaviour of methyl epoxyoctadecanoates on ApL.

ECL
Isomer

.

°is trans

2.3 19.08 19.37

3.4 a a

4.5 19.13 19.16

5.6 19.27 b

6.7 19.26 19.17

7.8 19.26 19.19

8.9 19.26 19.19

9.10 19.32 19.19

10.11 19.30 19.20

11.12 19.24 19.18

12.13 19.35 19.23

13.14 19.41 19.26
15.16 19.50b 19.27b
16.17 19.57 19.36
17.18 19.87

a
complete decomposition

k
partial decomposition
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Table 12

GLC behaviour of methyl epoxyoctadecanoates on PEGS

ECL

Isomer cis trans

2.3 23.08 23.45

3.4 23.55b 23.04b
4.5 a 23.21

5.6 23.74b 23.48b
6.7 23.93 23.65

7.8 24.08 23.61

8.9 24.00 23.79

9.10 23.92 23.81

10.11 24.17 23.85

11.12 24.19 23.78

12.13 24.17 23.82

13.14 24.24 23.89

14.15 24.32 23.76

15.16 24.48 ^23.93

16.17 24.87 24.11

17.18 25.49

a

complete decomposition

b
partial decomposition
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Table 13

epoxy-

GLC separation of methylyoctadecanoatesa on PEGS column

Isomers Degree of separation Difference in ECL

6,7 and 10,11 none 0.24

6,7 and 12,13 none 0.24

6,7 and 13,14 * 0.31

6,7 and 14,15 ** 0.39

6.7 and 15,16 *** 0.55

7.8 and 15,16 *** 0.40

9,10 and 15,16 *** 0.56

10.11 and 15,16 *** 0.30

11.12 and 15,16 *** 0.30

13.14 and 15,16 ** 0.24

14.15 and 15,16 * 0.16

9,10c and 9,10t^ ** 0.11

16,17c and 16,17t^ **** 0.76

a
ATI- cis isomers except where stated.
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4) Nuclear magnetic resonance spectrometry

We have obtained 100 MHz spectra of all the methyl epoxyoctadecan-

oates. The spectra show five major signals, these are summarised in

tables 14 and 15 and are discussed below. All spectra were obtained

using 10% solutions in carbon tetrachloride and chemical shifts are

expressed as ppm downfield from the internal standard tetramethyl

silane (t = 10).

i) Ester methyl

The ester methyl signal is a sharp singlet which, in most of

the methyl epoxyoctadecanoates is found at 6.40 to 6.44t. In the 2,3

and 3,4 isomers, where the epoxide group is close to the ester group,

the ester protons are slightly more deshielded and the signals are

found at 6.32 and 6.35t respectively.

ii) Epoxide protons

In the majority of the epoxyoctadecanoates the signal for the

epoxide protons is a poorly resolved multiplet. For the 4,5 to 15,16

isomers inclusive the signals are found from 7.25 to 7.33T and from

7.46 to 7.55t for the cis and trans series respectively. In all cases

the chemical shift for the trans isomer is 0.21 to 0.23t higher than

that for the corresponding cis isomer.

The epoxide protons of the cis-2,3 isomer have separate signals.

The proton a to the ester group, being coupled only with the other

epoxide proton, gives a doublet (J = 4Hz). The other proton, being

further from the ester group, is less deshielded and gives a pair of

triplets at higher field.
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Table 14

Principal features in the NMR spectra of methyl cis-epoxyoctadecanoates

Isomer Methyl Epoxide Methylene Methylene Methyl
(ester) a to ester (chain) (chain)

2,3 6.32 6.70,7.0ia 8.49,8.75 9.12

3,4 6.35 6.84,7.15 a c.7.40,c.7.64 8.59,8.74 9.13

4,5 6.40 7.25 7.61 8.59,8.74 9.13

5,6 6.41 7.29 7.69 8.60,8.73 9.12

6,7 6.42 7.30 7.75 8.59,8.73 9.12

7,8 6.41 7.30 7.76 8.55,8.72 9.12

8,9 6.42 7.31 7.78 8.59,8.71 9.12

9,10 6.42 7.32 7.78 8.61,8.71 9.12

10,11 6.42 7.32 7.78 8.61,8.68 9.12

11,12 6.42 7.32 7.79 8,60,8.69 9.10

12,13 6.42 7.32 7.79 8.61,8.70 9.09

13,14 6.43 7.32 7.80 8.58,8.71 9.07

14,15 6.43 7.32 7.80 8.57,8.72 9.03

15,16 6.43 7.33 7.80 8.62,8.73 8.99

16,17 6.43 7.17,7.3ia 7.80 8.62,8.74 8.79
b a

17,18

a

6.44 7.28,7.47,7.74 7.80 8.60,8.73

See Section (ii)

Not a cis epoxide but included here for convenience
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Table 15

Principal features in the NMR spectra of methyl trans-epoxyoctadecanoates

Isomer Methyl
(ester)

Epoxide Methylene
a to ester

Methylene
(chain)

Meth;
(cha:

2,3 6.33 7.01 8.74 9.12

3,4 6.35 7„14,c.7.44a c. 7.42,c.7.70 8.55,8.74 9.12

4,5 6.40 7.46 7.66 8.61,8.74 9.13

5,6 6.42 7.51 7.72 8.60,8.73 9.12

6,7 6.42 7.52 7.76 8.60,8.73 9.12

7,8 6.43 7.54 7.78 8.58,8.73 9.12

8,9 6.42 7.55 7.78 8.61,8.73 9.12

9,10 6.42 7.54 7.78 8.61,8.71 9.12

10,11 6.43 7.55 7.79 8.61,8.69 9.12

11,12 6.43 7.55 7.79 8.62,8.68 9.11

12,13 6.42 7.55 7.79 8.62,8.71 9.11

13,14 6.42 7.54 7.79 8.60,8.72 9.09

14,15 6.43 7. 54 7.80 8.61,8.73 9.06

15,16 6.43 7.55 7.80 8.61,8.73 9.05

16,17 6.43 7.46,7.48a 7.80 8.63,8.74 8.83

a
See section (ii)
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r-Q(Hc>2 COOCH
3

A

J
BC

2Hz

The epoxide proton signal in the trans-2,3 isomer appears as a

sharp singlet, indicating that the two protons are deshielded to

approximately the same extent.

In both the cis - and trans - 3,4-epo!xystearates the epoxide

protons give two separate signals. In the cis isomer the epoxide

proton P to the ester group is the more deshielded of the two. It is

coupled with the other epoxide proton (J = 4Hz) and with the two

protons of the adjacent methylene group (J= 6Hz), hence the signal is

a pair of overlapping triplets. The higher field signal is a

complex multiplet. In the trans isomer the lower field signal is

not as well resolved as that of the cis isomer, therefore coupling

constants cannot be measured. The higher field signal is not

resolved from the signal for the methylene protons a to the ester

group, hence its chemical shift has been estimated.

Again in the 16,17 isomers the epoxide protons give two separate

signals. The proton adjacent to the terminal methyl group is coupled

with the methyl protons and with the other epoxide proton. The

methyl coupling constant is 5Hz and the epoxide proton coupling constant

is 5Hz and 2Hz for the cis and trans isomers respectively. The

signal for the other epoxide proton is a complex multiplet at slightly
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higher field which cannot be resolved.

There are three non-equivalent epoxide protons in the 17,18

isomer and hence three separate signals are observed. The system

is analogous to that found in propylene oxide and the spectrum

134
of that compound has been used to assign the chemical shifts

R Hr

T

A = 7.28

B = 7.47, J._. = 5Hz , 'J>c * c.THz.AB /

C = 7.74, JAC = 2.5Hz

The only epoxyoctadecanoates which appear to have been examined

92
by NMR spectrometry are the 9,10 isomers. Hopkins and Bernstein

have reported that in the cis-9,10-epoxy acid the epoxide proton

signal occurs at 1.55 to 1.7 ppm downfield from the main methylene

135
proton signal. More recently, Aplin and Coles , using a 100 MHz

spectrometer, have reported that the chemical shift values for the

epoxide protons of the isomeric methyl 9,10-epoxyoctadecanoates are

7.12 for cis and 7.34 for trans. These values are 0.2t lower than

ours in each case.
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iii) Hydrocarbon chain methylene protons

Most of the methylene protons in these compounds give a signal

in the range 8.6 to 8.75t. In the 2,3-trans isomer the signal is

a sharp singlet at 8.74t. In all the other isomers the signal is

more complex. Whilst in all isomers the main part of the signal is
*

at c. 8.7t, there is also a part of the signal downfield at c. 8.6t.

The intensity of the lowfield part of the signal is lowest in the

2,3 and 16,17 isomers and, in both cis and trans series, rises to a

maximum in the 9,10 isomer where the intensity of the two parts is

approximately equal. This probably arises because certain of the

methylene protons are more deshielded than others,but attempts to

correlate the intensity of the two parts of the methylene proton

signal with the position of the epoxide group were unsuccessful.

iv) Methylene protons a and (3 to the ester group

The methylene protons immediately adjacent to the ester group

are deshielded by the ester group and sometimes by the epoxide

group. This latter deshielding effect becomes smaller as the

separation of the two groups increases and this is reflected in

the change in the chemical shift values. In the 4,5 to 17,18 isomers

this pair of methylene protons is coupled with the pair of equivalent

protons of the adjacent methylene group, hence the signal is a

sharp triplet (J = 7.5Hz). In both 3,4-epoxides the a methylene

protons are non-equivalent, as indicated in the following projection
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diagram: O

h.
b

h ihr
c

cooch3

Hence each methylene proton is coupled with the other and

also with the epoxide proton |3 to the ester group. This results

in an eight line signal, (J.„ = 16Hz, J and J = 6Hz). The
Ad AU JJ V_'

asymmetric splitting of these signals makes accurate measurement of

the chemical shifts difficult. They are approximately 7.40 and

7.64t for the cis isomer and 7.42 and 7.707 for the trans.

In most of the spectra a poorly resolved signal can be seen

at approximately 8.2 to 8„4t. This is due to the methylene protons

P to the ester group. The 220 MHz spectra of the cis-5,6- and

cis-11,12-epoxyoctadecanoates have been obtained and in these

spectra this signal can be seen to be the expected quintet.

v) Methyl group (hydrocarbon chain)

The spectra of all the methyl epoxyoctadecanoates, except the

17,18 isomer, have a signal at around 9.17 Which is due to the

hydrocarbon chain methyl group. In all except the 16,17 isomers,
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the methyl protons are coupled with those of the adjacent methylene

group causing the signal to split into a triplet (J = 7Hz). As

the epoxide group and methyl group become closer to each other the

deshielding effect of the former causes the signal of the methyl

group to move downfield. In the 16,17 isomers the deshielding

is sufficiently large to cause this methyl proton signal to merge

with the chain methylene proton signal.
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5) Mass Spectrometry

Mass spectrometry, like nuclear magnetic resonance spectrometry,

is one of the newer techniques now widely available to organic chemists.

It is capable of providing considerable structural information from

minute quantities of sample and hence is particularly useful for the

examination of natural products, which are often isolated only in small

amounts. Mass spectrometry has been applied to many classes of long-

chain acids and esters. This field has recently been excellently

reviewed by McCloskey1"^ and will not be further discussed here.

137
Ryhage and Stenhagen have obtained the spectrum of methyl cis-

135
9,10-epoxyoctadecanoate and Aplin and Coles have examined both the

cis and the trans isomers but these are the only positional isomers

which appear to have been studied. Their results are very similar to

ours and, like Aplin and Coles, we find little difference between the

spectra of a pair of cis and trans isomers.

Aplin and Coles have proposed a scheme which explains the five

major peaks observed by them. We have extended this to account for

fifteen possible peaks. These are shown in the following scheme and

the mechanisms for their formation are given below. We have also

studied the variation in the fragmentation pattern by measuring the

percentage of the ion current carried by each fragment. These

results are shown in tables 16 and 17. Table 18 gives the m/e values

for these peaks for each isomer.
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Scheme

Major fragmentations of methyl epoxyoctadecanoates

Csc(CH2)n_1CH=C=0
(a-50)

-MeOH \ -H20
CH3(CH2)mC=C C=C (CHo) C00CH CH-jCH(CH ) CH=C=0

(a-18) (a-ld) P J V

-H2°
-MeOH

+ (a-32)

CH (CH ) CH-CH CH-CH(CH0) COOCHQ3

3 2 m

(b')

+

HO-CH(CH ) CH=C=0
2 n-1

CH (CH ) CFfcOH \ / HS=CH(CH2)nCOOCH3
-MeOH (b-32)

V
(b)

CH (CH ) CH-CH(CH ) COOCH„3 2 m\/ 2 n 3
0

CH3(CH2)mCs0+ , 6-C(CH2) COOCH3
(c-) / \ (°)

+ + , S»C(CH ) CH=C=0
CH3(CH2)mCH2 CH2(CH2)nCOOCH3 (c_32)

(d')

&2(CH2)n-lCH=C=0
(d-32)

(m + n = 14)
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Table 16a

Ion current (%) carried by the major fragments in the mass spectra of

the methyl cis-epoxyoctadecanoates

Isomer

Fragment
2,3 3,4 4,5 5,6 6,7 7f 8 8,9 9,10

a' 2.3 1.2 1.0 3.6 4.2 2.2 2.6 (10.8)

a' -18 0.1 0.2 0.1 0.2 0.2 0.3 0.3 0.8

a 0.9 6.9 0.7 0.8 0.5 (1.4) 2.3 1.8

a-18 3.1 2.8 1.1 0.9 0.4 0.7 0.3 0.2

a-32 0.9 2,6 1.1 1.1 0.7 1.1 1.6 1.2

a-50 0.0 0.0 0.6 0.1 0.1 0.3 0.2 0.5

b' 0.3 0.0 0.2 0.1 0.1 (1.4) (3.1) 0.5

b 0.5 1.8 8.5 10.0 5,3 2.0 1.5 0.6

b -32 1.2 1.8 2.9 8.0 15.9 7.0 (9.2)(10.8)

c' 0.4 0.5 0.3 0.3 0.3 0.6 1.3 1.1

c 0.6 0.3 0.8 0.5 0.7 2.5 1.2 0.4

c -32 0.2 1.6 1.4 1.5 1.5 2.0 4.5 3.0

d' 0.1 0.0 0.1 0.2 0.2 1.2 (9.2) 3.4

d 0.1 9.7 5.4 6.1 5.8 2.7 (3.1) 2.2

d -32 — 0.7 0.7 1.3 3.4 2.2 2.4 2,0

TOTAL 10.7 30.1 24.9 34.7 39,3 26.2 30.5 28.5

( ) = Total ion current for two fragments with the same m/e value
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Table 16b

Ion current (%) carried by the major fragments in the mass spectra of

the methyl cis-epoxyoctadecanoates

Isomer

Fragment
10,11 11,12 12,13 13,14 14,15 15,16 16,17 17,1*

a' 4.9 3.2 2.0 0.9 1.0 0.8 0.8 -

a' -18 0.7 0.6 1.9 1.9 2.1 0.4 - -

a 2.6 1.8 0.7 0.2 1.8 0.8 0.0 0.1

a-18 0.4 0.2 0.6 0.2 0.3 0.3 0.2 0.1

a-32 0.6 1. 3 0.2 0.4 0.6 0.7 0.2 0.1

a-50 1.0 1.1 0.4 0.1 0,3 0.2 0.1 0.0

b' 0.6 0.9 0.7 1.7 0.4 0.3 - -

b 0.9 0.4 0.2 0.0 0.0 0.0 0.0 0.0

b -32 4.6 3.4 1.1 0.2 0.2 0.1 0.0 0.1

c' 1.8 1.1 1.0 1.2 1.2 0.7 - -

c 0.5 0.6 0.1 0.5 0.1 0.2 0.1 0.1

c -32 1.6 1.1 0.5 0.3 0.8 0.7 1.0 0.5

d' 0.3 0.5 1.0 1.0 1.0 - - -

d 2.4 2.3 1.6 0,3 1.2 0.6 0.2 0.1

d-32 1.4 1.3 0.7 0.5 0.9 1.1 0.2 0.5

TOTAL 24.3 19.8 12.7 9.4 11.9 6.9 2.8 1.6
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Table 17a

Ion current carried by the major fragments in the mass spectra of the

methyl trans-epoxyoctadecanoates

Isomer

Fragment
2,3 3,4 4,5 5,6 6,7 7,8 8,9 9,10

a' 1.0 0.6 1.6 2.3 6.9 2.8 2.8 (6.8)
a' -18 0.2 0.3 0.2 0.2 0.3 0.2 0.3 0.5

a 0.2 0.3 0.4 1.2 0.9 (1.6) 2.3 1.4

a-18 4.1 3.0 1.6 0.9 0.3 0.4 0.2 0.2

a-32 1.6 3.9 1.6 1.3 0.5 1.0 1.2 0.5

a-50 0.0 0.0 0.1 0.1 0.0 0.2 0.2 0.5

b' 0.3 0.2 0.2 0.1 0.2 (1.6) (3.3) l.O

b 0.2 7.7 11.7 7.0 7.4 2.0 1.3 0.5

b -32 3.1 1.0 6.1 13.3 13.6 11.4 (8.9) (6.8)

c* 0.4 1.7 0.2 0.2 0.6 0.6 1.3 1.1

c 0.6 0.4 0.8 0.5 1.1 2.1 1.2 0.6

c -32 0.2 1.5 2.3 1.5 1.1 1.9 3.3 1.6

d' 0.2 0.1 0.1 0.1 0.2 0.2 (8,9) 1.7

d 0.1 3.6 8.0 7.8 6.0 3.9 (3.3) 1.5

d-32 - 0.2 0.9 3.0 1.8 3.0 2.3 1.1

TOTAL 12.2 24.5 35.8 40.4 40.9 31.3 28.9 19.0

( ) = Total ion current for two fragments with the same

m/e value
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Table 17b

Ion current carried by the major fragments in the mass spectra of the

methyl trans-epoxyoctadecanoates

Isomer
Fragment

10,11 11,12 12,13 13,14 14,15 15,16 16,17

a' 3.6 2.7 2.0 2.3 1.1 0.5 0.3

a' -18 0.9 0.5 1.5 1.2 0.5 0.3 r

a 2.0 1.5 0.7 2.3 2.2 1.5 0.2

a-18 0.5 0.6 1.9 0.4 0.4 0.3 0.1

a-32 0.7 0.4 0.5 1.1 1.1 0.9 0.2

a-50 0.7 0.8 0.5 0.3 0.3 0.3 0.0

b' 0.5 0.8 0.9 6.6 0.4 0.3 -

b 0.5 0.4 0.JL 0.1 0.1 0.0 0.9

b-32 6.7 2.7 1.0 0.2 0.2 0.2 1.2

c' 1.3 0.9 1.0 1.4 1.0 0.7 -

c 0.5 0.2 0.1 0.1 0.2 0.3 0.4

c-32 1.3 0.7 0.4 0.6 1.1 0.9 1.4

d' 0.3 0.4 0.9 1.0 0.7 - -

d 2.3 2.0 1.1 2.7 1.5 1.2 0.7

d -32 1.7 0.9 0.7 1.2 1.2 2.2 0.4

TOTAL 23.5 13.5 13.2 20.5 12.0 16.8 5.8



- 74 -

Table 18a

m/e values of fragments in mass spectra of methyl epoxyoctadecanoates

Isoier
Fragment

2,3 3,4 4,5 5,6 6,7 7,8 8,9 9,10

a' 253 239 225 211 197 183 169 155

a' -18 235 221 207 193 179 165 151 137

a 101 115 129 143 157 171 185 199

a-18 83 97 111 1-25 139 153 167 181

a-32 69 83 97 111 125 139 153 167

a-50 51 65 79 93 107 121 135 149

b' 241 227 213 199 185 171 157 143

b 89 103 117 131 145 159 173 187

b -32 57 71 85 99 113 127 141 155

c' 239 225 211 197 183 169 155 141

c 87 101 115 129 143 157 171 185

c -32 55 69 83 97 111 125 139 153

d* 197 211 197 183 169 155 141 127

d 73 87 101 115 129 143 157 171

d-32 41 55 69 83 97 111 125 139
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Table 18b

m/e values of fragments in mass spect ra of methyl epoxyoctadecanoates

Fragment
10,11 11,12 12,13

Isomer

13,14 14,15 15,16 16,17 17,

a' 141 127 113 99 85 71 57 43

a' -18 123 109 95 81 67 53 39 25

a 213 227 241 255 269 283 297 311

a-18 195 209 223 237 251 265 279 293

a-32 181 195 209 223 237 251 265 279

a-50 163 177 191 205 219 233 247 261

b' 129 115 101 87 73 59 45 31

b 201 215 229 243 257 271 285 299

b -32 169 183 197 211 225 239 253 267

c' 127 113 99 85 71 57 43 29

c 199 213 227 241 255 269 283 297

c -32 167 181 95 209 223 237 251 265

d' 113 99 85 71 57 43 29 15

d 185 199 213 227 241 255 269 283

d -32 153 167 81 195 209 223 237 251
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Some isomers have major fragmentations not predicted by the

above scheme and these are discussed below. It should be stressed

that the mechanisms given are hypothetical and would be proved only

with extensive labelling experiments.

1. Major fragmentations

a and a'

-CH j-CH-CH-CH - > -CH + CH-CH-CH ■2U\/ 2 2^/2
0 0
+. +

b and b'

-CHrCH-CH - ^ -CH CHrCH- > -CH-OH + CH-
V/ 2 SJ-U
0 0 r u

c and c'

-CH.-CH- ^

yV V>-0 0
+ •

> —Ch 6H > -Cs6 + CH

d and d'

,H
+

-CH,-C- > -CH -CH„ + 0=C-
\ V 2 2

Of

2

2. Other fragmentations

a) Methyl 2,3-epoxyoctadecanoates

i) m/e = 90.

This is the base peak in the spectrum of methyl cis-2,3-epoxy-



- 77 -

stearate and a major peak in that of the trans isomer. High resolution

mass measurement has shown its molecular formula to be C„H 0 (calculated
3 6 3

= 90.031690, found = 90.033142). The following mechanism is suggested

for its formation.

V*3 r\ /C—\ / ■ RCxH / . C: +c . +C-0CIU I

W ST) ciT * \ 3
V v

CH2
0*

c
ill
CH

ii) m/e = 100.

This fragment appears as a significant peak in the spectra of

both the cis and trans isomers. We postulate the following mechanism

for its formation.

H
i i

. ± yj
-rQ-C-L > o=c=CH-crRrC.-C-C' > 0=C=CH-O; + RHW XOCH3

iii) m/e = 116 and 117.

The mechanism proposed for the formation of the m/e 116 fragment

involves a double hydrogen rearrangement similar to that proposed by

138
McLafferty . We suggest a similar mechanism with only one hydrogen

rearrangement to account for the m/e 117 fragment.
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r-ch_ .h

\2X
ch +•

0

'H / \
k2 xh-ch-co ch

r-ch it

Xi„ ^
ch ch-ch-co ch„
\2 ✓ 2 3

ch\\ ^ ch-ch-co„ch
^1,

oh

ch2-ch2-ch-co2ch3
m/e = 117

2 3

oh
■A • +1

ch -ch-ch-co ch
z z o

m/e = 116

r-ch-ch=chr

I
R -CH=CH -CH,

r-ch2-ch=ch2

iv) m/e = 95, 97, 109, 111, 123 and 125.

These fragments constitute two homologous series starting with

m/e 95 and 97 respectively.

High resolution measurement on the m/e = 97 fragment shows its

molecular formula to be C^H^ (calculated = 97.101720, found = 97.101506),
i.e. an unsaturated hydrocarbon fragment. The following mechanism
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is proposed involving a charged hydrocarbon fragment which is the

139
molecular ion of tetradec-1-ene. It has been shown that this

fragments to give the above observed fragments.

XCH R^H^H2
i y\
CWCH^H'C02CH3 * + OH

CH"^ I
2 CH =CH-CH-CO CH

£ Z o

(as in iii above)

b) Methyl 3,4-epoxyoctadecanoates.

m/e = 116 and 130.

140
Ryhage and Stenhagen have implicated the operation of a

McLafferty rearrangement in methyl 9,10 epoxyoctadecanoate and

141
McLafferty has suggested that this may be quite general in epoxides.

142
Brown et_ al_ have shown that two distinct McLafferty rearrangements

take place in epoxyhexane, one by an "inside" mechanism and the other

by an "outside" mechanism. This would account for the m/e 116 and

130 fragments found in methyl 3,4-epoxyoctadecanoates.

Inside mechanism:

m/e = 130
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Outside mechanism:

CHR
CHR

P> > CH + CH0=CH-CH -R*
A H ' 2 2
V/ OH

+ .K1CH -CHCH '-CH -CH -R'
£ z

m/e = 116

[R = -CH2COOCH3, R' = "(CH2)IOCH3

(c) Methyl 4,5- and 5,6-epoxyoctadecanoates

The mass spectra of methyl 4,5- and 5,6-epoxyoctadecanoates show

major peaks at 130 and 144, and 144 and 156 respectively. These
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arise by the mechanism illustrated in (b) above. This McLafferty

rearrangement does not appear to be significant in the remaining

epoxyoctadecanoates.

d) Methyl 16,17- and 17,18-epoxyoctadecanoates

The major peaks in the spectrum of these compounds fall into five

groups.

i) m/e =57, 71, 85.

These peaks appear to be produced by cleavage of the methylene

chain leaving a fragment ion containing the unaltered epoxide group.

ii) m/e = 69 + 14n and 101 + 14n

These two homologous peries appear to be produced by cleavages

of the hydrocarbon chain resulting in a fragment ion containing the

ester group (m/e = 101 + 14n) which can lose methanol (m/e = 69 + 14n).

It is noteworthy that the smallest of these fragments in both series

contains three methylene groups, i.e. cleavage a and |3 to the ester

group does not appear to take place to any great extent.

iii) m/e 84, 98, 112

The molecular formula of these fragments has been shown by high

resolution spectrometry, to have the molecular formula ^ H

(m/e = 98: calculated = 98.073161, found = 98.073374;

m/e = 112: calculated = 112.088810, found = 112.089365).

It would appear that these are fragments which contain the epoxide

function but we are unable to propose a mechanism for their formation.
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iv) m/e = 68 + 14n

These ions have been shown by high resolution mass measurement

We have been

unable to devise a mechanism for their formation involving a singly

charged molecular ion. The following mechanism, involving a doubly

to be hydrocarbons with the molecular formula CnH2n-2'

charged species, is a possible explanation.

H2Cd
H JR.

r^CH-(CH ) -dlT^
I z y +•

0

c ch
/ \ / 2

h ch
2

ch

h
0+,

ch
~och,

/0HoC. I
ch-(ch2)9-ch

2 xc ch

/\%> 2
h 2

H
0+

CH4c„/C-OC„3

V

ch2-<5h(ch2)9ch=ch2
This radical ion would fragment further to give the observed

series,



PART III

QUANTITATIVE DETERMINATION OF TRANS UNSATURATION BY INFRARED

SPECTROSCOPY
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INTRODUCTION

Compounds with trans unsaturation have a characteristic sharp
-1 143

absorption band at about 970 cm in the infrared. Shreve 'et al

first used this phenomenon as the basis of a method to estimate the

amounts of trans unsaturated octadecenoic acids, esters and alcohols

in mixtures, and it has since been extended to become an American Oil

144
Chemists' Society (AOCS) standard method . In this method the

intensity of the absorption band in an unknown sample is compared with

that of pure methyl elaidate (methyl octadec-trans-9-enoate).

Disadvantages of this method are:

a) It requires accurate weighing of the sample and the standard.

b) Very careful manipulation of the solutions is required in order to

avoid evaporation of the volatile solvent (carbon disulphide).

c) The necessity to draw a sloping baseline between two arbitrary

points.

145
This has been overcome in the procedure of Huang and Firestone in

which they use a solution of trans-isomer-free vegetable oil (or

derived methyl ester) in the reference cell.
146

Allen has recently published a method which attempts to

eliminate these problems by using another absorption band in the

spectrum as an internal standard. The intensity of the band at

970 cm 1 is compared with that of the band at 935 cm 1 in acids and

at 1170 cm 1 in esters.



- 84 -

These methods are of particular importance since they are

commonly applied to partially hydrogenated fats in which the double

bonds occupy several positions. It is therefore essential that

the following conditions are observed:

a) For the AOCS method the intensity of the peak at 970 cm 1 must

be independent of the position of the unsaturated centre.

b) For Allen's method the ratio of the intensity of the 970 cm

peak to that of the internal standard peak and the absorbtivities of

these two bands must be independent of the position of unsaturation.

Using the isomeric methyl trans octadecanoates prepared by

2
Barve we have examined the problem further.

RESULTS AND DISCUSSION

Esters were weighed on a six place balance and dissolved in

redistilled carbon disulphide in 5 ml grade A volumetric flasks.

The required portions of the spectra were recorded on a Perkin Elmer

model 257 grating infrared spectrophotometer using 0.5 mm path length

cells. Transmittance values were measured and converted to

absorbance using the procedures described in the original methods.

a) Determination of reproduceability of measurements.

The results shown in table 19 show the variation observed when

the absorbance of one solution of methyl elaidate was measured several

times over a period of days. (The solution was stored in a refrigerator

over this period). The quoted absorbances are the average of the
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stated number of determinations made without changing the contents

of the cells. \

Table 19

Variation in observed absorbance of a methyl elaidate solution.

Number of AOCS Method. Allen Method.
Run Day deter- Absorbance at Absorbance ratio

minations 970 cm-1 (A970/A1170)
Average Std.deviation Average Std.deviation.

B

C

D

E

F

1

3

6

6

6

10

5

10

3

3

3

.293

.272

,294

.299
i

,296

.292 J

.003

.002

.002

.004

.911

.912

.908

.907

.921

.922

.009

.009

.011

.008

1

Within any one run the variation is very small and, with one

exception, the variation between runs is also small. This indicates

that variations are not due to the instrument but probably due to

handling problems.

b) Effect of concentration.

The absorbance of three isomers (8t_, llt_ and 12t_) was determined

over a range of concentrations and showed a linear relationship for

both treatments over the range 0.4 to 8 mg per ml. These results

are illustrated in figs. 2 and 3 and summarised in table 20.



Concentration mg/ml
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Figure 3

Effect of concentration on absorbance.

AOCS method.

Concentration, mg/ml
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Table 20

Absorbtivities (a) of methyl trans-octadecenoates

(Summary of results of section b).

Isomer
AOCS method Allen method

a. 970cm std. dev. a^970cm 1 std.dev..a<;1170cm 1 std.dev.

8 9.32 0.16 10.44 0.16 12.14 0.17

11 10.40 0.11 11.56 0.18 13.31 0.69

12 9.52 0.08 10.61 0.18 13.19 0.17

c) Variation of absorbtivity with position of unsaturation.

The previous experiment showed a linear relationship between

concentration and absorbance. We therefore determined the absorb¬

tivities of a wider range of isomers by determining the absorbance

at a single concentration. These results are given in table 21.

Absorbtivities (a) are expressed as absorbance units per gram of

solute in 5 ml of solution and are each the average of three

determinations.
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Table 21

Absorbtivities of methyl trans-octadecenoates

Isomer AOCS method Allen method

A a.970 cm 1 a,970cm 1 a . 1170 cm ^ a.970/a.1170

5 10.8 12.2(10.9) 12.1 1.01

6 11.4 12.6(11.3) 11.5 1.09

7 10.8 12.3(11.1) 11.7 1.05

8 9.3 10.5( 9.4) 12.4 0.85

9 10.9 12.2(10.9) 12.7 0.96

10 10.7 11.9(10.6) 12.5 0.95

11 10.6 12.0(10.7) 12.9 0.93

12 9.0 10.3( 9.2) 13.0 0.79

13 11.1 12.6(11.3) 13.4 0.94

14 10.7 12.0(10.7) 13.3 0.90

Mean 10.53 0.95

Standard

deviation
0.73 0.08

( ) = Values corrected by simple proportion for comparison with
AOCS values. A9 used as standard.

The results show that in both methods the variation in absorb-

tivity due to change in double bond position is greater than that

attributable to experimental error.

There is good agreement between the absorbtivities determined

by the AOCS and Allen methods (after suitable correction using A9 as

standard). However the Allen absorbance ratio shows a greater

variation because the absorbtivity at 1170 cm 1 varies as well as

that at 970 cm
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Therefore, when estimating trans content of a mixture by

comparison with elaidic acid or its esters one must define the

results as "elaidate equivalents" rather than amounts of trans

compound present.



experimental
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Solvents

All solvents were reagent grade unless otherwise stated. Diethyl

ether, benzene and toluene were dried first with anhydrous calcium chloride

and then, after decantation, by storage over sodium wire. Acetone

was dried by storage over anhydrous calcium sulphate. Dimethylformamide

was refluxed with calcium hydride for 1 hour and then distilled,

pyridine was refluxed with potassium hydroxide pellets for 1 hour before

distilling on to fresh potassium hydroxide. Methanol was dried by

147
Vogel's method . Reagent grade petroleum spirit (petrol) (b.p. 40-

o
60 C) was redistilled, using a fractionating column packed with glass

helices, to remove high boiling material.

Drying

Ether and petroleum extracts of reaction mixtures were dried by

standing over powdered anhydrous sodium sulphate.

Thin Layer Chromatography

Analytical separations were carried out using 0.25 mm layers of

silica gel G on glass plates. The layers were activated for 1 hour

o
at 120 C and, after development, spots were detected by spraying with

phosphomolybdic acid (10% in ethanol) followed by heating at 120°C

for c. 15 min. For analytical argentation TLC the layers were

impregnated with silver nitrate (10% w/w), Polyhydroxy esters were

separated on layers impregnated with sodium arsenite (10% w/w).
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Preparative separations were achieved using 1 mm layers. These

o
plates were activated for 2 hours at 120 C and bands detected by

spraying with ethanolic 2,7-dichlorofluorescein and viewing under

ultra-violet light.

Solvents for thin-layer (and column) chromatography were mixtures

of chloroform, ether, methanol and petrol. A shorthand notation

is used in which these are represented by the symbols C, E, M and

P respectively, along with appropriate numbers. For example,

PE10 and CM2, represent petrol and ether (90:10 by volume) and

chloroform and methanol (98:2 by volume) respectively.

Gas-Liquid Chromatography

Gas-liquid chromatography was carried out with a Pye series 104

chromatograph fitted with a flame ionisation detector and using

oxygen-free nitrogen as carrier gas. Routine separations were

achieved using packed stainless steel columns (5 ft x 3/16 in i.d.).

Two stationary phases have been used: diethylene glycol succinate

(10 or 20% coated on HMDS Chromosorb W, 80-100 mesh) and Apiezon L

(3% coated on AW-DCMS Chromosorb G, 80-100 mesh).

Wall-coated open tubular (capillary) columns (50 m x 0.5 mm i.d.)

coated with the above stationary phases were used for high resolution

separations and determination of accurate retention data.

Retention characteristics are expressed as equivalent chain lengths

, 82
(ECLs).
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A computer program has been written in FORTRAN IV for calculating

ECLs and has been used on an IBM 360/44 computer. (See Appendix II ).

Infrared spectroscopy

Infrared spectra were produced on Perkin-Elmer 257 and 621

spectrophotometers. Spectra were usually obtained by dissolving

the substance (c. 20 mg) in carbon tetrachloride or carbon disulphide

(1 ml) and using sodium chloride cells with a 1 mm path length.

Nuclear Magnetic Resonance Spectroscopy

Spectra were recorded at 60 and 100 MHz using Perkin-Elmer

R10 and Varian HA 100 instruments respectively. With few exceptions

spectra were recorded using 10% solutions in carbon tetrachloride, with

tetramethylsilane as internal standard. . The spectra of some

products were also recorded at 220 MHz on the Varian HR220 spectro¬

meter operated by the SRC at the ICI P and P Laboratory, Runcorn.

Mass Spectrometry

Mass spectra were run on an AEI MS902 spectrometer using a

direct insertion probe. Operating conditions were usually 16 or

70 ev with source pressure c. 10 ^ torr and temperature c. 200°C.
Two computer programs have been written to display the mass

spectral data in a readily useable form. One program expresses

the intensity of each peak as a percentage of that of the base peak

and the other gives values as percentages of the total ion current from

mass 50.
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Both programs produce results in tabulated form and plotted as

histograms. The programs are written in FORTRAN IV and were run on

an IBM 360/44 computer, the histograms being produced on a 1627

digital plotter. The calculations are performed under Programming

System 44 (44PS) and the results stored on magnetic tape. The

tape is then run under RemoteAccess Computing System (RAX)

to give plotter output. This approach is more efficient than

effecting both the calculating and plotting under 44PS. (See Appendix

II ).

Melting Points

Melting points were recorded on a Kofler hot-stage and are

uncorrected.

Chemical Procedures

A. General Methods

The general methods described below give the conditions which,

from experience, produced the best results. However, some of the

specific syntheses were done during the development period and so

the methods may not have been used exactly as quoted.

Methylation. Small scale methylations were carried out by refluxing

the acid (up to 200 mg) with 14% boron trifluoride methanol complex (5 ml)

diluted with dry methanol (20 ml) for 15 min. The ester was extracted

by pouring the methanolic solution into saturated sodium chloride
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solution (c. 20 ml) and extracting with ether. The ether extract

was washed with saturated sodium bicarbonate and then dried.

Larger quantities of acids were methylated by refluxing for

1 hr. with methanolic sulphuric acid (0.45M) or methanolic

hydrogen chloride (3M).

148
Trimethylsilylation. The hydroxy ester (5 mg), pyridine (1 ml),

hexamethyldisilazane (0.2 ml) and trimethylchlorosilane (0.1 ml)

were shaken for 30 seconds in a stoppered flask and then allowed to

stand for a further 5 minutes. After removal of the pyridine in

vacuo, ether (0.5 ml) was added and the solutions injected directly

on to the GLC.

Methanesulphonates(mesylates) of hydroxy esters. Dihydroxy ester

(1 g, c. 3 mmole) was dissolved in dry, redistilled pyridine and

cooled in ice during the slow addition of redistilled methanesulphonyl

(mesyl) chloride (1.4 g, 12 mmole). The temperature was not allowed

to rise above 20°C and after addition the mixture was kept at room

temperature for 4 hours. It was again cooled in ice during the

slow addition of ice which, after an initial evolution of heat, caused

the temperature to drop below 0°C. Hydrochloric acid (50 ml, 5M)

was then added slowly with further cooling. The dimesyl derivative

was obtained by extraction with ether. .

The NMR spectra of these compounds show strong sharp signals
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at 6.4t (COOCH ) and 6.97t (SO CH ). Examination of the intensities
o Zj O

of these signals provides a useful check on the extent of the reaction.

55
Conversion of dimesyl esters to alkenoates. Dimesyl ester (1 g)

was refluxed in DMF (20 ml) with excess sodium iodide (2.5 g) and

zinc which had been activated (washed with hydrochloric acid, then

water and dried). After 6 hours the reaction mixture was poured

into water, acidified with hydrochloric acid (4M) and extracted with

ether. This procedure caused a certain amount of hydrolysis of

esters and therefore remethylation was often necessary.

50
Thionocarbonates. Dihydroxy ester (100 mg) was refluxed with dry

toluene (5 ml) containing thiocarbonyldiimidazole (100 mg) for 3

hours. After toluene had been removed in_ vacuo the product was

dissolved in ether and excess thiocarbonyldiimidazole removed by

washing with water.

47
Conversion of cyclic thionocarbonates to alkenoates. Thiono-

carbonate (100 mg) was heated with trimethylphosphite (5 ml) under

nitrogen at 120°C for 20 hours. Excess trimethylphosphite

was largely removed in_ vacuo and the alkenoate recovered after

passing it through a small column (1 x 10 cm) containing 'Florisil'

(5 g) and eluting with benzene.

Bromination. The unsaturated ester (1 g) was dissolved in chloroform

(20 ml) and a solution of bromine (0.65 g, c. 25% excess) in the
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same solvent (5 ml) was added slowly with stirring. After 30

minutes the excess bromine and the chloroform were removed in vacuo.

Conversion of vie-dibromides to alkynoates by dehydrobromination.

a) The dibromide was mixed with 1,5-diazabicyclo(5,4,0)undec-5-ene

(DBU) (1:4 molar proportions) and heated at 100°C for 5 hours.

After acidification with hydrochloric acid the products were extracted

with ether.

b) The dibromide (1.5 g) was refluxed for 2 hours with ethanolic

potassium hydroxide (20 ml, 1M). After acidification the products

were extracted with ether.

149
von Rudloff Oxidation. The Craig and Tulloch modification of the

150
original von Rudloff procedure was used to determine the position of

double bonds in the molecule.

The oxidising reagent consists of potassium periodate (22.4 g,

0.0975 mole) and potassium permanganate (0.4 g, 0.0025 mole)

dissolved in one litre of water.

Monoene (10 mg) was shaken overnight with oxidising reagent

(4 ml), tertiary butanol (10 ml) and aqueous potassium carbonate

solution (3 ml, 0.25% w/v). Sulphur dioxide was used to destroy

excess oxidising agent and then potassium hydroxide pellets added to

render the solution alkaline. Following the removal of most of the

tertiary butanol iri vacuo the mixture was acidified with 2M hydrochloric

acid and the oxidation products extracted with ether. After ester-

ification the methyl esters were separated by GLC.
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B , Specific Syntheses

46
1. Benzylidene derivatives of methyl-dihydroxystearates ,

Methyl erythro-9,10-dihydroxystearate (1,33 g, 4 mmole) and

benzaldehyde (0.92 g) were refluxed in dry toluene (100 ml) for 30

min. Water was then added and the product (2.13 g) extracted with

ether. .Preparative TLC (PE20) gave two products (0.80 and 0.3 9 g,

total yield 70%) of very similar polarity. These had almost identical

NMR and mass spectra and are considered to be stereoisomeric

benzylidene derivatives.

Methyl threo~9,lO-dihydroxystearate similarly treated gave a

derivative
benzylidene^which appeared as a single spot on TLC.

The benzylidene derivative of ethanediol was similarly prepared

to give information about the NMR spectra of such compounds.

Reaction of benzylidene derivative with sodium methoxide

The more polar benzylidene derivative of methyl erythro-9,10-

dihydroxystearate (49 mg, 0.117 mmole) was refluxed for 3 hours with

dry methanol (20 ml) containing sodium (800 mg, 0.035 mole). The

product differed from the starting material in its TLC behaviour but

no methyl octadecenoate, the expected product, could be detected by

TLC or GLC.
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2. Methyl octadeea-cis-9-trans-12-dienoate

c

CH (CH ) CHCHCH CH=CH(CH ) COOR
3 2 4 \/ 2 2 7

0

(epoxyoleate present in Vernonia anthelminticaseed oil)

(i) HOAc

(ii) Alkaline hydrolysis
c

CH (CH ) CH(OH)CH(OH)CH CH=CH(CH ) COOH
O ^ T: . . Z Z /

threo

BFg ,MeOH

CH (CH ) CH(OH)CH(OH)CH CH=CH(CH ) COOCH
o Z A Z / o

(i) MsCl

(ii) Nal,DMF,Zn

or (i) Thiocarbonyldiimidazole

(ii) (ch3o)3p
t * c

CH (CH ) CH=CHCH CH=CH(CH ) COOCH,
o Z 4 Z Z> ( o

96
2a„ Threo-12,13-dihydroxyoleic acid

Vernonia anthelmintica seed oil (100 g) was refluxed in glacial

acetic acid (700 ml) for 7 hours. After most of the acetic acid had

been removed, in vacuo, ether (c. 500 ml) was added and the solution

extracted with water (3 x 500 ml). The ethereal solution was dried,

the solvent evaporated and the residue hydrolysed by boiling with

methanolic potassium hydroxide (3M, 500 ml, i.e. 0.5 mole excess) for

1 hour. Approximately half of the methanol was evaporated, the

mixture diluted with water and ice and acidified with hydrochloric
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acid (4M). After salting out, the free fatty acids were extracted with

ether (3 x 100 ml), washed with water, dried and the solvent evaporated.

threo~12,13-Dihydroxyoleic acid (m.p. 52-53°C, lit; 52-55°C) was

obtained by crystallisation from ether-petrol (1:1) and ethyl acetate.

2b. Methyl octadeca-cis-9-trans-12-dienoate

threo-12,13-Dihydroxyoleic acid was methylated (boron trifluoride-

methanol) and converted to the dimesyl ester. The dimesylate

compound (7.57 g, 1.6 mole) was refluxed with dry acetone containing

sodium iodide (10 g, 6.7 mole) for 48 hours after which it was poured

into water and extracted with ether. The ethereal extracts were

washed with aqueous sodium thiosulphate and water and dried prior to

evaporating to dryness. The product (5.22 g) was applied to a "Sorbsil"

column (50 x 2 cm) and eluted with 200 ml portions of P, PE5 and PE10

followed by 100 ml portions of PE20, PE40, E, EM50 and M. Dienoic

material (2.65 g, 80% allowing for unreacted starting material) was

eluted with PE10 and PE20 and dimesylate (2,15 g) with ether and

methanol.

The octadecadienoate gave a single peak on capilliary GLC (ECLs;

ApL 17.59, DEGS 19.16), had the expected NMR spectrum (Part I),

was slightly less polar than methyl linoleate on argentation TLC (PE10)
-1

and had a strong peak at 975 cm in its infrared spectrum. The latter

two facts are consistent with it being a dienoate with a trans unsaturation.

Complete identification was carried out by partial reduction of
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151
the octadecadienoic acid with hydrazine . This yielded unreacted

diene, two monoenes and stearic acid. This mixture, after methylation,

was examined by GLC and the following ECLs obtained: 17.60, 17.64,

17.77 and 18.00 on ApL and 18.00, 18.45, 18.49 and 19.15 on DEGS.

When compared with ECLs of authentic samples of the 9c, 9t, 12c

and 12t_ octadecenoates these results suggest the presence of the

9c^ and 12t^ isomers.

12c_ 121_ (9cl2t)
o-ni-t n- Go

ApL 17.64 17.72 17.74 17.79 17.59

DEGS 18.42 18.39 18.56 18.50 19.16
IV 4'<=) (V 1 r

This was confirmed by separation of the cis monoene ester

(ECLs 17.64 and 18.44) and the trans monoene ester (ECLs 17.77 and

18.47) which gave, after von Rudloff oxidation, nonanoic and nonane-

dioic acids for the cis ester and hexanoic and dodecanedioic acids for

the trans ester.

The thionocarbonate derivative of methyl threo-12,13-dihydroxy-

oleate (100 mg) was prepared and then converted to dienoate using

trimethylphosphite. The purified product had a strong peak at 975

cm in its infrared spectrum and on argentation TLC had the same

characteristics as methyl octadeca-cis-9-trans-12-dienoate prepared in

2b(i) above. On GLC the product had ECLs 17.59 (ApL) and 19.43 (DEGS).

These facts are consistent with it being methyl octadeca-cis-9-trans-12-

dienoate.
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3. Methyl octadec-trans-12-en-9-ynoate

ch (ch ) ch(0h)ch(0h)ch ch=ch(ch ) c00ch
threo

Ac 0,Na0Ac

RCH(0Ac )CH(0Ac)CH2CH=CHR''

^BVCHC13
rch(0ac)ch(0ac)ch CHBrCHBrR'

2

koh,etoh

rch(oh)ch(oh)ch2c=cr"

I H SO.,MeOH2 4'

rch(oh)ch(oh)ch2cscr'

I MsCl, pyridine

RCH(0Ms)CH(0Ms)CH C^CR'
z

I Nal,DMF, Zn
ch (ch ).ch=chch.chc(ch0)_c00ch„o A A 2j / o

[r = ch3(ch2)4, r' = (ch2)7cooch3, r" = (ch2)?cooh]

threo -12,13~Dihydroxyoleic acid (10.25 g) was methylated (methanolic

hydrogen chloride) and then acetylated by refluxing for 2 hours in

acetic anhydride (50 ml) containing anhydrous sodium acetate (1 g,

152
dehydrated by Vogel's method ) . After stirring the reaction mixture

with water (100 ml) for a further 2 hours the diacetoxy ester (13.09 g)

was extracted with ether (3 x 30 ml). The ethereal extracts were

washed with water (100 ml), sodium bicarbonate (2 x 100 ml, saturated)

and again with water after which they were dried and the solvent



- 103 -

evaporated, The diacetoxyoleate (13.09 g) was then treated with

bromine (6.5 g, 25% excess) and dehydrobrominated using boiling

ethanolic potassium hydroxide (200 ml, 2M)for two hours. The dihydroxy-ynoate

produced was examined by TLC (PE40) and found to be contaminated

with a large amount of less polar impurity. It was applied to a

"Sorbsil" column (500 g, 3ft x 2 in) and eluted with P (100 ml),

PE10 (500 ml), PE40 (1.0.1), PE60 (1.0 1) and E (1.0,1). Pooling

those PE60 fractions which contained the required product yielded

nearly pure material (7.7 g). This was further purified on another

"Sorbsil" column (120 g, 6 ft., x J in) which was eluted similarly

and yielded 6.76 g (64%) of the required 12,13-dihydroxyoctadec-

9-ynoate. TLC (PE60) showed a trace of impurity. GLC of the

bis(irimethylsilyl) derivative on ApL (ECL 20.00) showed no

impurity, but on DEGS (ECL 21.12) 7% of more polar contaminants

could be detected.

Purified methyl 12,13-dihydroxyoctadec-9-ynoate (1.35 g) was

mesylated and then demesylated with sodium iodide, DMF and zinc.

TLC examination of the product indicated the presence of a large

amount of very polar product which was subsequently shown to be

the required product in its free acid form. After remethylation

the product was applied to a "Sorbsil" column (40 g, 30 x 2 cm)

and eluted with P, PE5 and PE10 (100 ml each). The final PE5

fraction contained the bulk of the required product (0.67 g), TLC

examination showed no impurity but GLC showed the following



104 -

results:

ApL 17,86 (97%), 17,57 (3%)

DEGS 21.77 (94%), 19.38 (5%), 24.05 (1%).

This indicates contamination of the enyne with diene.

Argentation TLC confirmed this and indicated that the contaminant

was cis,cis dienoate.

Partial hydrogenation of the product with Lindlar's catalyst

gave a dienoate with ECLs 17.59 (ApL) and 19.21 (DEGS). These

results are consistent with it being the expected cis,trans dienoate.

Analysis of the dibasic acids produced after von Rudloff oxidation of

this semihydrogenated product showed only nonanedioic acid, proving

that there had been no migration during the production of the triple

bond.
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4, Methyl octadec-trans —9-en-12-ynoate.

c

CH (CH ) CSCCH CH=CH(CH ) C00G1
*j £ .* z z i

(crepenynate (30%) in Afzelia cuanzensis seed oil)

NaOMe

RC^CCH CH=CHR'
2

o-HO C C H CO„H
- 2 6 4 3

RC^CCH CHCHR'
2\!

o

(i) HOAc

(ii) NaOMe

RC=CCH2CH(OH)CH(OH)R'
threo

(i) MsCl

(ii) Nal, DMF, Zn

ch3(ch2)4cecch2ch=ch(ch2)7cooch3

[R = CH (CH ) , R' = (CH ) COOCH G1 = Glycerol]
3 2 4 2 7 3

1 r o

4a. Monoperphthalic acid

Phthalic anhydride (30 g, freshly recrystallised from toluene) was

added rapidly, with vigorous stirring, to a solution of hydrogen peroxide

(84 ml, 100 vol) and sodium hydroxide (125 ml, 3M) at -10°C. As soon as

all the phthalic anhydride had dissolved, sulphuric acid (5M, 100 ml),

precooled to -10°C, was added and the mixture filtered through glass

wool. Monoperphthalic acid (26.4 g, 79%) was extracted with ether

(3 x 100 ml), washed with aqueous ammonium sulphate (3M) and dried.
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4b. Methyl octadec-trans-9-en-12-ynoate

Afzelia cuanzensis seed oil (24.4 g) was obtained by petrol

extraction of ground seeds at room temperature. Methyl esters were

prepared by refluxing the oil with sodium methoxide (0.5 % in methanol)

for 5 minutes and, after pouring the reaction mixture into water,

extracting with petrol.

Afzelia esters (18 g, containing c. 30% methyl octadec-cis-9-

en-12-ynoate) were reacted for 1 week with monoperphthalic acid

(26.4 g, 0.145 mole, in 360 ml ether). The product was obtained by

pouring the reaction mixture into water and washing with aqueous

sodium bicarbonate until alkaline. A monoepoxide fraction (7.3 g)

was obtained by applying the total epoxidised product to a "Sorbsil"

column (300 g) and eluting with PE10 (2 litres), the latter half of

which removed the monoepoxides. PE15 (1 litre) and PE30 (1.5 litre)

were used to elute the more polar products. Monoepoxy esters (5.1 g)

were converted to the acetoxy-hydroxy derivative by boiling for 4^

hours with glacial acetic acid. The product (6.1 g) was extracted

and converted to dihydroxy ester with sodium methoxide (50 ml, 0.5%

in methanol) and then to the olefinic compound using the mesylation-

demesylation procedure. A portion (250 mg) of the final product was

purified by preparative argentation TLC. The purified material

(160 mg) was 96% pure on GLC (DEGS, ECL 21.15, contaminant 21.83). A

sample of this purified material was semihydrogenated with Lindlar's
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catalyst and then subjected to von Rudloff oxidation. GLC examination

of the resultant dibasic acids showed only nonanedioic acid and hence

no migration of double bond position had occurred.

I
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5. Methyl octadeca-cis-12-trans-9-dienoate

Methyl octadec-trans-9-en-12-ynoate (250 mg) was converted to methyl

octadeca-cis-12-trans-9-dienoate by semihydrogenation for five minutes

using Lindlar's catalyst in methanol containing one drop of quinoline.

The product was recovered after filtering and washing with hydrochloric

acid. GLC showed that the product was pure and had ECLs: 19.48 (DEGS)

and 17.64 (ApL).
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6. Methyl octadec-cis-12-en-9-ynoate

ch„(ch^) .chchch„ch=ch(ch„)_c00g13 2 4^/ 2 27
0

(epoxyoleate in Vernonia anthelmintica seed oil)

(i) HBr, Et^O
(ii) Ac^O
(iii) AgOAc, HOAc

(iv) KOH, EtOH

rch(oh)ch(oh)ch2ch=chr'
erythro

(i) Br2, CHC13
(ii) KOH, EtOH

RCH(0H)CH(0H)CH2C2£R'

BF3,MeOH

RCH(OH)CH(OH)CH C=CR"

(i) MsCl

(ii) Nal, DMF, Zn
or

(i) Thiocarbonyldiimidazole

(ii) (ch3o)3p

ch3(ch2)4ch=chch2c3c (ch2)7cooch3

[R = CH (CH ) , R' = (CH ) COOH, R" = (CH ) COOCH ]
o 2 4 2 7 2 7 o

[G1 = Glycerol]
43

6a„ erythro-12,13-Dihydroxyoleic acid

Vernonia anthelmintica seed oil was treated for 48 hours at room

temperature with hydrogen bromide (1.5 litre of saturated ethereal

solution). The product was washed with water, dried and the solvent

removed. The resultant bromohydrins (65.5 g) were acetylated with
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boiling acetic anhydride (200 ml) for 3 hours, heated with water (200 ml)

for a further 45 minutes and the product isolated by ether extraction.

The acetoxy bromides were then boiled for 4 hours with glacial acetic

acid (290 ml) containing water (3 ml) and silver acetate [prepared by

the slow addition of potassium acetate (20.8 g in 75 ml water) to

silver nitrate (32.8 g in 75 ml water) followed by washing the precipitate

in water and acetic acid]. After filtering, most of the acetic acid was

removed in vacuo, the products were dissolved in ether and washed with

sodium bicarbonate solution. Finally, the residue (61.4 g) was hydrolysed

with boiling ethanolic potassium hydroxide (1M, 1.5 litres) for two hours

followed by acidification and ether extraction.

Crystallisation from ether gave erythro-12,13-dihydroxyoleic acid

(2^.3 g, m.p. 88-89°C, lit: 87-88°C^ ). The bis(trimethylsilyl)

derivative of methyl erythro-12,13-dihydroxyoleate gave a single peak on

a capilliary ApL column (ECL 19.74) under conditions which separate the

erythro and threo isomers. On a packed DEGS column the erythro and

threo isomers have ECL 21.6 and 21.3 respectively but are not separable.

The above product gave a single peak (ECL 21.3). TLC on a sodium

arsenite plate (CM2), under conditions which are known to separate

erythro and threo isomers, showed a single spot.

6b. Methyl octadec-cis-12-en~9-ynoate

i) erythro-12,13-Dihydroxyoleic acid (6.24 g) was brominated as usual

and then dehydrobrominated by boiling for 2 hours with ethanolic
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potassium hydroxide (1M, 150 ml). After extraction the product was

methylated (boron trifluoride, methanol). TLC examination showed the

presence of impurities with low polarity,so the product was applied

to a "Sorbsil" column (75 g, 50 x 2 cm) and eluted with PE40 and PE60

(500 ml each). The required dihydroxy-ynoate (2.58 g, 40%) was eluted

in the latter and, after removal of the solvent, was converted to

enynoate by the usual mesylation-demesylation procedure. Once again

free fatty acid was produced during the demesylation reaction.

After remethylation, TLC examination of the product showed the

presence of polar impurities which were removed by applying the

remethylated material (2.17 g) to a "Sorbsil" column and eluting

with PE10 (1.0 1). The required enynoate (1.74 g) was eluted in the

first 300 ml and was shown to be 93% pure by GLC on DEGS [ECL: 21.6,

contaminants: 19.4 (5%), 21.0 (2%)]. The impurities could not be

completely resolved by GLC on ApL (ECL 17.9). A small quantity

(100 mg) of this column purified material was further purified by

preparative argentation TLC. The material obtained gave a single peak on

both ApL and DEGS columns and, after Lindlar reduction and von

Rudloff oxidation, GLC examination of the dibasic acids showed only

nonanedioic acid.

ii) erythro-12,13-Dihydroxyoleic acid (2 g) was brominated and dehydro-

brominated as usual. After methylation (boron trifluoride, methanol)

the total product (2.2 g) was refluxed for 3 hours in toluene (25 ml)
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containing thiocarbonyldiimidazole (1.5 g) after which the products

were extracted in the usual way. This material was then heated,

under nitrogen for 17 hours at 120°C, with trimethyl phosphite (10

ml). After cooling, excess trimethyl phosphite was removed in

vacuo, the residue applied to a "Sorbsil" column and the required

product eluted with PE50 (500 ml).

GLC examination of this purified product on ApL and DEGS columns

showed single peaks (ECLs 19.4 and 21.69 respectively). TLC also

indicated a single component but on argentation TLC this was resolved

into two components, the contaminant being less polar than the required

product. A small amount of the column purified material (80 mg)

was further purified by preparative argentation TLC. GLC, TLC and

NMR examination of the more polar product showed it to be identical

to that obtained in 6 b(i) above. Also its infrared spectrum showed

no absorption at 975 cm 1 and therefore no trans unsaturated was

present.
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7. Methyl octadec-cis-9-en-12-ynoate

Afzelia cuanzensis seed oil (2 g) was refluxed for four minutes

with methanolic sodium methoxide (25 ml, 0.2%) after which the mixed

esters were extracted with petrol. Methyl crepenynate (c. 250 mg)

was obtained by preparative argentation TLC of the mixed esters (800

mg) (double development, PE12J) and shown to be pure by analytical

argentation TLC.

8. Methyl octadec-trans-9-trans-12-dienoate

Methyl linoleate (1.6 g) was treated with |3-mercaptopropionic
71

acid (1.2g) in ethanol (30 ml) at room temperature for four days.

Ether (250 ml) was added and the (3-mercaptopropionic acid removed by

washing with aqueous sodium hydroxide (1M). After removal of the

solvent methyl octadeca-9-trans-12-trans-dienoate (400 mg) was obtained

by preparative argentation TLC of the residue.
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9. Methyl octadec-trans-15-enoate and methyl octadeca-cis-9-cis-12-

trans-15-trienoate

Methyl threo-15,16-dihydroxyoctadeca-cis-9-cis-12-dienoate (0.5

g) was mesylated and demesylated as usual. After preparative TLC

methyl octadeca-cis-9-cis-12-trans-15-trienoate (0.32 g) was recovered,

which on GLC had ECLs 17.47 (ApL capilliary column) and 20.03 (DEGS

capilliary column).

A quantity (0.5 g) of the original dihydroxydienoate was

hydrogenated (palladium, charcoal catalyst) to the saturated derivative

and then subjected to the mesylation—demesylation procedure. The

product had ECLs 17.86 (ApL capilliary column) and 18.64 (DEGS capilliary

column).
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10. Methyl epoxyoctadecanoates

The appropriate methyl octadec-enoate (c. 200 mg) was treated for

3-4 hours at room temperature with m-chloroperbenzoic acid (160 mg)

dissolved in chloroform (20 ml). The products were extracted by

adding ether and washing the mixture with aqueous sodium sulphite,

aqueous sodium bicarbonate and finally with water. After removal

of the solvent the epoxystearate was recovered, usually in almost

quantitative yield, and purified by preparative TLC.

With the exception of the isomers given below this procedure

was used to prepare all the cis and trans epoxystearates.

Isomer

2.3 cis

3.4 cis

2.3 trans

3.4 trans

17,18

Conditions

600 mg mCPA for 12 days

160 mg mCPA for 24 hours

600 mg mCPA for 12 days

220 mg mCPA for 48 hours

160 mg mCPA for 48 hours

(mCPA = m-chloroperbenzoic acid)
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Epoxyoctadecanoic acids were prepared by refluxing the appropriate

methyl ester (c. 20 mg) in methanolic potassium hydroxide (1M, 20 ml)

for 30 minutes. The mixtures were then carefully made just acid

(phenolphthalein indicator) with hydrochloric acid (4M) and then

rapidly poured into water and extracted with ether. After drying and

removal of solvent the acids were recrystallised from petroleum spirit.
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MASS SPECTRA
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APPENDIX II

COMPUTER PROGRAMS



CCARBONNUMBERCALCULATION. CDATACARDFORMAT— CRUNCONTAINSRUNNUMBER(4-DIGITINTEGER) CNUMCONTAINSNUMBEROFSTANDARDS+UNKNOWN(2-DIGITINTEGER) CCNO»RTCONTAINCARBONNUMBERANDRETENTIONTIMEOFSTANDARDS CANDUNKNOWN(CNOOFUNKNOWNTOBEMADE=0) C(CNOISA3-DIGITINTEGER,RTISAFLOATINGPT.NUMBER CWITH4DIGITSBEFOREAND1AFTERDECIMALPOINT) CDATATOBEPUTONCARDINORDEROFINCREASINGRT. REALRT(6} INTEGERCNO(6),RUN
1DO21=1,6 2CNC(I)=0 READ{5,10*END=99)RUN»NUM,(CNO(I),RTII),I=1,6)

10FORMAT(14,12,6(13,F6.1))>T DO201=1,NUM<
CTESTFORPOSITIONOFUNKNOWNANDSTOREINDEXINIX. IF(CNO(I).EQ.O)1X=I

CCONVERTRTVALUESTOLOGS. 20RT(I)=ALGG10(RT(I)) CIFUNKNOWNISBEYONDSTANDARDS,JUMPTOEXTRAPOLATIONPROCEDURE. IF(IX.EQ.NUM)GOTO30 CHECK=(RT(NUM)-RT(1))/(CNC(NUM)-CNC(I)) UNIT=(RT(IX+I)-RT(IX-I))/(CNO(IX+1)-CNO(IX-1)) GOTfJ31
30CHECK=(RT(NUM-l)-RT(1))/{CNO(NUM-1)-CNO(1)) UNIT=1RT(IX-1)-RT(IX-2))/(CNO(IX-IJ-CNO(IX-2))

31DIFF=RT(IXJ-RT(IX—1)
CCALCULATIONOFUNKNOWNCARBONNO.USINGIMMEDIATESTANDARDS. ANSI=CNO(IX—1)+DIFF/UNIT WRITE(6,60)RUN,ANSI

60FORMAT(1H0,10X,'RUN*,I3,4X,•CARBONNUMBEROFUNKNOWNIS',2X,F7.3) C0MP=(CHECK-UNIT)/UNIT
CCOMPAREVALUESOFLOGRT/UNITCNO.IFDIFFERENCEISGREATERTHAN3 CPERCENT.AMESSAGEWILLBEPRINTEDANDTWOANSWERSWILLBEGIVEN.



IF{CUMP.LE.0.03)G0TC40
CCALCULATIONOFUNKNOWNCARBONNUMBERUSINGEXTREMESTANDARDS. ANS2=CN0(IX-L)+DIFF/CHECK WRITE(6,50JANS2

bOFORMAT(LH,10X,'L0GRT/UNITCNOVALUESDIFFER.ANSWERFROMCHECK KI.E.EXTREMESTANDARDS)IS',2X,F7.3)
40GOTO1 99STOP END

x H-1 <



CTHISPROGRAMPLOTSGRAPHSOFINTENSITYPERCENTV.MASSNUMBER.THE CINTENSITYOFTHEHIGHESTPEAKISTAKENTOBETOOPERCENT. C CINITSPRESENTFORMTHEPROGRAMGIVESLINEPRINTEROUTPUTANDSTORES CPLOTTINGINFORMATIONCNMAGNETICTAPE.THETAPECANTHENBERUNUNDER CBACKGROUNDRAXTOGIVETHEGRAPHS. CANEND-GF-FILEMARKISPUTONTOMAG.TAPEAFTEREACHGRAPHINFORMATION CBUTTHISCANBEALTEREDBYMOVINGENDFLECARDTOENDOFPROGRAM. C C CINPUTDATA:- p CCARDINUMBEROFSETSOFDATACOLS1,2 C*CARD2CODENUMBERCOLS1-3* CMAX,MASSNC.(ENDPEAK)COLS4-7< c£CCART)3INTENSITIES4COLS/INTENSITY C•«20INTENSITIES/CARD C«•• c**• c••• C CREPEATFROM*FOREACHSETOFDATA. CPUNCHINGMUSTBERIGHT-JUSTIFIED. CF.C.DAVIDSONJAN.1971. C C

INTEGERBIGMM»END DIMENSIONINTENS(400),Y(400)
CREADINNUMBEROFSETSOFCATA. READ(51100)KGUNT

TOOFORMAT(12)
CREADINCODENUMBERANDENDPEAK(MAXIMUMMASSNO.)FORSETOFDATA.



DO110IJK=1fKOUNT READ(5,T2O)K0DE,END
120FORMAT(13,14) INDEXGIVESNUMBEROFPEAKS. INDEX=END-50 READINPEAKINTENSITIES. READ(5,20)(INTENS(I),1=1,INDEX)

20FORMAT(2014) FINDLARGESTINTENSITY. BIGMM=1 DO"301=1,INDEX IF(INTENS(I).GT.BIGMM)81GNM=INTENS(I)
30CONTINUE SETTHELARGESTINTENS.TO100PERCENTANDCALCULATERELATIVEINTENSITIES. ALTER=100./BIGMM DU401=1,INDEX

40YII)=INTENS(I)*ALTER LAST20=(END/20)*20 IF(LAST20.LT.END)LAST20=LAST20+20 XLAST=LAST20 XPL0T=(XLAST-50)/25, X-AXISGOESFROM50TOMAX.MASS.NO.WITHSCALEOF10PEAKSPER.4INCHES Y-AXISGCESFROM0TO100PERCENTWITHSCALEOF20PERCENTPERINCH. CALLPLOT!1,50.,XLAST,XPLOT,10.,0.,100.,5.,10.) CALLPLOT(99) CALLPLOT(90,42.5,-4.0) MARKOFFANDNAMEX-AXIS. DO130J=60,LAS120,20 WRITE(3,140)J
140FCJRMAT(5X»I3»100X) 130CALLCHAR(0.1,10) CALLPLOT(99) CALLPL0T190,180.0,-10.0) WRITE(3,150)

150FORMAT(3HM/E,100X)



CALLCHARtO.I,10) CALLPLOT(99)
CHARKOFFY-AXIS. DO1601=10,110,10 IY=I-10 YY=IY CALLPLOT(90,40.0,YY) WRITE(3,170)IY

170FORMAT(I3»100X) 160CALLCHAR(0.1,10) CALLPLOT(99)
CWRITECODENUMBER. CALLPL0T(90,0.0,-20.0) WRITE(3,190)KODE~

190FORMAT(12HGRAPHNUMBER,13,100X)* CALLCHAR(0.1,10)~ CALLPLOT(99)
CNAMEY-AXIS. CALLPLOT(90,40.0,25.0) WRITE(3,180)

180FORMAT(28HRELATIVEINTENSITY{PERCENT),100X) CALLCHAR(0.1,11) CALLPLOT(99)
CPLOTPEAKS. DO301=1,INDEX,2 X=I+50. Xl=1+51. 11=1+1 CALLPLOT(99) CALLPLOT(90,X,0.0) CALLPLOT(91,X»Y(I)) CALLPLOT(99) CALLPLOT(90»X1,Y{I1)) IF(V(I1).EG.0.0)GOTO50 CALLPLOT(91,XI,0.0)



50CONTINUE IF((INDEX/2)*2»EQ.INDEX)GOTO51 CALLPLOT(99) YY=INDEX X=END CALLPLUT(90,X,0.0) CALLPLOT(91,X,YY)
51CALLPLOT(99)

CRE-INITIALISEPLOTTER. CALLPLUT(7)
CPUTEND-OF-FILEMARK. CALLENDFLE

CLINEPRINTEROUTPUT. WRIfE{6t207)KODE
207FORMAT(1HI,5X,'GRAPHNUMBER*,13,«-INTENSITIESARERELATIVETOTH iEHIGHESTPEAK.') WRITE(6,201)

201FORMAT(1H0,4(10X,'M/E*,6X,'PERCENT*I/IX,4110X,'',6X,•*)) INCRE=INDEX/A J=INCRE K=2*INCRE L=3*INCRE KOUNT1=50 K0UNT2=50+INCRE K0UNT3=50+K KOUNT4=50+L DO2021=1,1NCRE J=J+I K=K+1 L=L+i KOUNT1=KOUNT1+1 K0UNT2=K0UNT2+1 KOUNT3=K0UNT3+1 KOUNT4=KGUNT4+1
202WRITE(6,203)KOUNT1,Y(I),KOUNT2,Y{J),KOUNT3,Y(K),KOUNTA,Y(L)



203FORMAT{LH,1OX14(I3,7X,F5.1,11X)) IF(L.EQ.INDEX)GOTO204 L-L+1 DO205I=L,INDEX K0UNT4=K0UNT4+1
205WRITE(6,206)K0UNT4,Y(I) 206FORMAT{IH,88X,I3T7X,F5.L) 204CONTINUE L10CONTINUE END



c c c c c c c c c c c c c c c c c c c c c c c
c
L c c c c

u c c

100
c

THISPROGRAMPLOTSGRAPHSCFINTENSITYPERCENTV.MASSNUMBER.THETOTAL OFINTENSITIESISTAKENTOBE100PERCENT. INITSPRESENTFORMTHEPROGRAMGIVESLINEPRINTEROUTPUTANDSTORES PLOTTINGINFORMATIONONMAGNETICTAPE.THETAPECANTHENBERUNUNDER BACKGROUNDRAXTOGIVE1HEGRAPHS. ANEND-OF-FILEMARKISPUTONTOMAG.TAPEAFTEREACHGRAPHINFORMATION BUTTHISCANBEALTEREDBYMOVINGENDFLLCARDTOENDCFPROGRAM. INPUTDATA: CARDL
*CARD2 CARD3 i « > i

NUMBEROFSETSOFDATA CODENUMBER MAX.MASSNO.(ENDPEAK) INTENSITILS

COLS1,2 COLS1-3 COLS4—7 4COLS/INTENSITY 20INTENSITIES/CARD i *

H- H-

REPEATFROM*FUREACHSETOFDATA. PUNCHINGMUSTBERIGHT-JUSTIFIED.
F.C.DAVIDSONJAN.1971.

INTEGEREND,TOTAL/O/ DIMENSIONINTENS(400),Y(400) READINNUMBEROFSETSOFDATA. READ(5,100)KGUNT FORMAT(12) READINCODENUMBERANDENDPEAK(MAXIMUMMASSNO.)FORSETCFDATA.



DO110IJK=1,KOUNT READ(5,120)K0DE,LND
120FORMAT(13*14)

CINDEXGIVESNUMBEROFPEAKS. INDEX=END-50
CREADINPEAKINTENSITIES. READ(5,20)(INTENSU),I-1,INDEX)

20FORMAT(2014)
CCALCULATETOTALOFINTENSITIES. T0TAL=0 DO301=1,INDEX TOTAL=TOTAL+INTENS(I)

30CONTINUE~
CPUTTOTAL=100PERCENTANDCALCULATERELATIVEINTENSITIES.h- ALTER=100./TOTAL^ DO401=1,INDEX~

40Y(I)=INTENS(I)*ALTER LAST20=(END/20)*20 IF(LAST20.LT.END)LAST20=LAST20+20 XLAST-LAST20 XPLOT=(XLAST-50)/25.
CX-AXISGOESFROM50TOMAX.MASS.NO.WITHSCALEOF10PEAKSPER.4INCHES CY-AXISGOESFROM0TO13PERCENTWITHSCALEOF1PERCENTPER.4INCHES. CALLPLOT(1,50.,XLAST,XPLOT,10.,0.,15.,6.,5.) CALLPLOT(99) CALLPLOT(90,42.5,-0.5)

CMARKOFFANDNAMEX-AXIS. DO130J=60,LAST20,20 Wl<ITE(3,140)J
140FORMAT(5X,13,100X) 130CALLCHAR(0.1,10) CALLPLOT(99) CALLPLOT(90,180.0,-1.25) WRITE(3,150)

150FORMAT(3HM/E,100X)



CALLCHAR(0.1,10) CALLPLOT(99) MARKOFFY-AXIS. 001601=5,20,5
1Y=1-5 YY=1Y CALLPLOT(90,40.0,YY) WRITE(3,170)IY

170FORMAT(13.100X) 160CALLCHAR(0.1,10) CALLPLOT(99) WRITECODENUMBER. CALLPLOT(90,0.0,-2.5) WRITE(3»190)KODE
190FORMAT(12HGRAPHNUMBER,I3,100X) CALLCHAR(0.1,10) CALLPLOT(99) NAMEY-AXIS. CALLPLOT(90,40.0,6.0) WRITE(3,180)

180FORMAT(28HRELATIVEINTENSITY(PERCENT), CALLCHAR(0.1,11) CALLPLOT(99) PLOTPEAKS. DO501=1,INDEX,2 X=I+50. X1=I+51. 11=1+1 CALLPLOT(99) CALLPLOT(90,X,0.0) CALLPLOT(90,X,Y(I)) CALLPLOT(99) CALLPLOT(90,X1,Y(II)) IF(Y(I1).EQ.O.OJGCTO50 CALLPLOT(91,XI,0.0)



50CONTINUE IF(IINDEX/2)*2.EQ.INDEX)GOTO51 CALLPLOT(99) YY=INDEX X=END CALLPLOT(90,X,O.O) CALLPLOT(91»X,YY)
51CALLPLOT(99)

CRt-INITIALISEPLOTTER. CALLPLOT(7)
CPUTEND-OF-FILEMARK. CALLENDFLE

CLINEPRINTEROUTPUT. WRITE(6,207)KODE
207FORMAT(1HI,5X,'GRAPHNUMBER',13,'-INTENSITIESARERELATIVETOTH IETOTALOFINTENSITIES.') WRITE(6,201)

201FORMAT(1H0»4(IOX,'M/£',6X,'PERCENT')/1X,4(IOX,••,6X,«')) INCRE=INDEX/4 J-INCRE K=2*INCRE L=3*INCRE KQUNTL=50 K0UNT2=50+INCRE K0UNT3=50+K K0UNT4=50+L DO2021=1,INCRE J=J+1 K=K+1 L=L+1 KOUNTI=KOUNT1+1 KOUNT2=KOUNT2+1 KOUNT3=K0UNT3+1 KOUNT4=KUUNT4+1
202WRITE(6,203)KOUNT1,Y(I),K0UNT2,Y(J),KOUNT3,Y(K),K0UNT4,Y(L)



203FORMAT(1H,4(1OX,I3,6X,F7.3)) IF(L.EQ.INDEX)GOTO204 L=L+L DO205I=L,INDEX K0UNT4=KQUNT4+1
205WRITE(6,206)K0UNT4,Y(I) 206FORMAT{1H,88X,I3,6X,F7.3} 204CONTINUE 110CONTINUE END




