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ABSTRACT 

Racemic helenynolic acid has been 
prepared from crepenynic acid by epoxi- 
dation followed by base-catalyzed re- 
arrangement. This may be the pathway 
by which helenynolic acid is produced in 
Helichrysurn bracteatum seed oil from 
the crepenynic acid also present. A re- 
investigation of the epoxy acids in this oil 
has shown that cis-9,10-epoxyoctadec- 
12-ynoic acid accompanies the coronaric 
acid previously identified. 

I N T R O D U C T I O N  

The many long chain acids which have been 
discovered in recent years include a number of 
conjugated 9,11,13 and 8,10,12 octadeca- 
trienoates, some hydroxy conjugated octadeca- 
dienoates, and several epoxy acids. It has been 
proposed recently that these are biogenetically 
related and that the conjugated trienoic acids 
are produced from the very common linoleic 
acid via epoxy monoenoic and hydroxy dienoic 
acids as in Scheme 1 (1,2). 

There is no proof of this hypothesis but the 
smooth conversion of vernolic acid to coriolic 
acid has been demonstrated in vitro. This 
change occurs in high yield under mild con- 
ditions (0C,  1 hr) under the influence of 
lithium diethylamide (2). Attention has been 
drawn to the correlation of absolute configura- 
tion which should exist between these natural 
acids and it has been suggested that other 
stereoisomers await discovery (2). 

Helichrysum bracteatum seed oil is known 
to contain several unusual acids including (in 
addition to palmitic, stearic, oleic and linoleic) 
coronaric acid, hydroxy dienoic acids (in- 
cluding possibly a-dimorphecolic), crepenynic 

Ipart XX1, Chem. Phys. Lipids 3:203 (1969). 
2presented at the AOCS Meeting, New York, 

October 1968. 
3present address: Food and Drug Directorate, 
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acid, and helenynolic acid, this last being a new 
hydroxy enynoic acid (3-5). (Following the 
d e s i g n a t i o n  of  natural eleostearic acid 
(9c I I t 13t) as the r isomer and the all trans acid 
as the~-isomer, we use (14,15) the symbols a 
and/~ with coriolic and dimorphecolic acids to 
indicate the cis, trans and trans, trans isomers 
respectively). If o~-dimorphecolic acid arises 
from linoleic acid via coronaric acid then it 
seems likely that helenynolic acid might be 
formed from crepenynic acid via an undis- 
covered epoxy acetylenic acid. 

We have now shown that crepenynic acid 
readily furnishes racemic helenynolic acid by 
epoxidation and rearrangement and, en- 
couraged by this, we have re-examined the 
epoxy acids of Helichrysum bracteatum seed oil 
and shown them to contain the hitherto un- 
known cis-9,10-epoxyoctadec- 12-ynoic acid. 
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EXPERIMENTAL PROCEDURES 

All solvents were dried and distilled before 
use. Petroleum refers to the fraction of bp 
40-60 C. 

TLC was carried out with thin layers of silica 
(0.3 mm for analytical purposes and 1.0 mm 
for preparative purposes); When required, silver 
nitrate (15%). was incorporated into the silica 
layers. The developing solvent was ether mixed 
with benzene or petroleum and these mixtures 
are indicated by symbols such as PE30 in- 
dicating a 70:30 mixture of petroleum and 
ether. 

A Pye 104 was used for GLC. It was fitted 
with a column (5 ft x 1/4 in.) packed with Gas 
Chrom Z (70-80 mesh) coated with diethylene 
glycol succinate (DEGS 20%) or Apiezon L 
(ApL 5%) and normally operated at 190 C or 
210 C, respectively. In the following account 
symbols such as DEGS, 20.0 indicate a carbon 
number (equivalent chain length) of 20.0 on a 
DEGS column. 

Infrared spectra were run on Perkin Elmer 
spectrophotometers (137,237, or 261) using 
thin films in sodium chloride discs or t% 
solutions (carbon disulphide) in 1 mm path- 
length cells. Ultraviolet spectra were recorded 
in methanol solution with a Unicam SP/800 
spectrophotometer. A Perkin Elmer R10 
spectrometer (60 Mc/sec) was used to record 
NMR spectra on 15% solutions in carbon tetra- 
chloride. 

Methylation was carried out with boron tri- 
fluoride-methanol (6) and yon Rudloff oxi- 
dation as recommended by Tulloch and Craig 
(7). 

Conversion of Methyl Crepenynate to 
Racemic Methyl Helenynolate 

A[zelia cuanzensis seed oil (2.36 g) was re- 
fluxed for 15 min with methanolic sodium 
methoxide (25 ml, 0.1 N) and the methyl esters 
(2.28 g) recovered by petroleum extraction of 
the acidified reaction mixture. The esters con- 
tained about 40% of methyl crepenynate 
(DEGS, 21.6) and this was isolated by prepara- 
tive silver ion TLC (PE25). GLC showed it to 
be pure, apart from methyl linoleate (3%). 
Methyl crepenynate (285 rag, 1 mmole) reacted 
overnight with an ethereal solution of mono- 
perphthalic acid (5 ml, 2.2 mmole) and the 
monoepoxide (202 mg; DEGS, 26.0) was 
readily separated from unreacted crepenynate 
(24 mg) and diepoxide (10 mg) by preparative 
TLC (PE30). 

This epoxy ester (240 mg) was also prepared 
(more conveniently) directly from Afzelia 
esters (1.0 g) by reaction with a 10-fold excess 
of monoperphthalic acid. Preparative TLC 

(PE30) gave a mixture of epoxystearate and 
epoxyoctadecynoate which was then separated 
by preparative silver ion TLC. 

In a nitrogen atmosphere, diethylamine (0.4 
ml) in anhydrous ether (10 ml) was slowly 
added, dropwise, to an ice cold solution of 
phenyl-lithium (8) (5 ml, 4 mmole) in an- 
hydrous ether (10 ml). After 10 min, epoxy 
ester (250 mg) in anhydrous ether (10 ml) was 
added, and after stirring for 1 hr at 0 C, the 
reaction product (270 rag) was recovered by 
ether extraction. This was separated by prepara- 
tive TLC (BE25) into four main fractions: 
epoxy ester (20 mg, 9%), hydroxy ester (120 
mg, 53%) and (presumably) epoxy amide (28 
mg, 12%) and hydroxy amide (60 mg, 26%). 

Proof of Structure 

The major product of the rearrangement 
reaction was shown to be methyl 9-hydroxy- 
octadec-trans-10-en-12-ynoate on the following 
evidence: 

(a) Compared with methyl 9-hydroxy- 
octadeca-trans-1 O, cis-12-dienoate the rearrange- 
ment product had a slightly lower Rf value on 
silica (PE40) and a slightly higher value on silica 
impregnated with silver nitrate (BE25). After 
conversion to its trimethysilyl ether with hexa- 
methyldisilazane and trimethylchlorosilane it 
gave a single peak on GLC (DEGS, 23.4). 

(b) The ester had strong absorption bands at 
3595, 1730 and 950 cm -1 in its IR spectrum. 
Its UV spectrum showed an absorption peak at 
228 E~!o  E lcm1% 6 0 0 ) a n d a n i n f l e x i o n a t  238 
m/a ( 510). The NMR spectrum is sum- 
marized: 

6.47- (s) 

CH 3.(CH 2)3.C1t 3.CiC. CIt :C|t.CIt(Ott L(CH 2)6 '( ' t l  2 "COOC113 

/ I 9.17- ( t)  (d) I 

4.25-4.77- 3.7-4.25r 7.5-8.17- (m) 

(c) The rearrangement product (20 mg), 
hydrogenated in methanol solution (5 ml) with 
palladium-charcoal (10%, 20 mg), gave a mix- 
ture of methyl hydroxy- and oxostearates 
(DEGS, 25.9 and 24.9 respectively). Dissolved 
in acetic acid (2 ml), this mixture (15 rag) was 
stirred at room temperature for 2 hr with a 
solution of chromium trioxide (120 mg) in 
acetic acid (2 ml). Thereafter the mixture was 
diluted with water (25 ml), treated with sulfur 
dioxide to destroy excess of oxidant, and 
extracted with petroleum (2 x 10 ml). After 
esterification, GLC showed the presence of 
methyl octanedioate and nonanedioate. 
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(d) yon Rudloff oxidat ion gave hexanoic and 
nonanedioic acids. 

(e) The hydroxy ester (43 mg), dissolved in 
ether (3 ml), was added to a suspension of 
lithium aluminium hydride (200 mg) in an- 
hydrous ether (2 ml), and the mixture refluxed 
for 2 hr. The recovered product (37 mg) was 
purified by preparative TLC (PE60) and the 
major component  (33 mg) was shown to be an 
allene by its IR absorption at 1950 cm - l .  

(f) Refluxed with methanolic hydrogen 
chloride (7 ml, 0.1 N) and isolated by prepara- 
tive TLC (PE30), the hydroxy ester (24 mg) 
furnished an ether (IR absorption at 1080 and 
1100 cm -1) as major product (18 mg). GLC 
(DEGS, 25.2) indicated that some minor com- 
ponents were also present. 

(g) The hydroxy ester (40 mg) was stirred 
with potassium azodicarboxylate (1.2 g) in an- 
hydrous methanol (3 ml) and a mixture of 
methanol-acetic acid-water (1 : 1 : 1) was slowly 
added, dropwise, until the yellow color disap- 
peared. The product  (34 mg) was divided into 
three fractions by preparative silver ion TLC 
(BE15): H1; 17 rag; 63%; DEGS, (TMSi deriva- 
tive) 23.4; IR absorption at 3595 and 950 cm-1 
unreacted hydroxy  enyne: H2; 3 mg; 11%; 
DEGS, (TMSi derivative) 20.8; IR absorption at 
3595, 980 and 945 cm-l ;  hydroxy cis, trans 
diene: H3; 7 mg; 26%; DEGS, (TMSi derivative) 
21.6; IR absorption at 3595 cm-1, hydroxy 
yne. Von Rudloff oxidation of H1 and of H2 
gave hexanoic and nonanedioic acids; oxidation 
of H3 gave hexanoic acid and (presumably) the 
lactone of 4-hydroxydodecanedioic acid (IR 
absorption at 1770 and 1730 cm-1; DEGS, 
29.0; ApL, 17.2). Oxidation of methyl 
9 -hydroxyoc tadec - I  2-enoate gave products 
with the same chromatographic and spectro- 
scopic properties. 

Isolation of an Acetylenic Epoxy Acid From 
Helichrysum bracteatum Seed Oil 

Helichrysum bracteatum seeds (9.8 g) 
extracted with petroleum gave a yellow oil 
(2.02 g) which was shaken at room temperature 
overnight with anhydrous methanolic sodium 
methoxide (25 ml, 0.1%). The methyl esters 
(1.67 g) were recovered and separated into four 
fractions by preparative TLC (PE30): A, 1.01 g, 
68%;B, 0.21 g, 14%;C, 0.19g,  13%;D, 0 .08g,  
5%. Fract ion B, with the same Rf value as 
methyl 12,13-epoxyoleate showed only three 
peaks in its GLC: X; 6%; DEGS, 24.0: Y; 69%; 
DEGS, 24.6: Z; 25%; DEGS, 26.0. At tempts  to 
separate these by silver ion TLC were unsuc- 
cessful. Fraction B (200 mg) was therefore 
treated overnight at room temperature with 
excess of monoperphthal ic  acid in ether (5 ml, 

-2.2 mole).  The product  was separated by 
preparative TLC (PE30) into monoepoxide (56 
mg) and diepoxide (121 mg). The monoepoxide 
contained only two components  [DEGS, 24.0 
(20%) and 26.0 (80%)] and these were sepa- 
rated by preparative silver ion chromatography 
(PE30) into an upper (11 mg) and lower (42 
rag) band. 

Proof of Structure 

Compound Z was shown to be identical with 
the methyl cis-9,10-epoxyoctadec-12-ynoate 
previously obtained by epoxidation of methyl 
crepenynate. 

(a) The natural and synthetic esters were 
identical in their behavior on TLC (PE30), GLC 
(DEGS, 26.0; ApL, 19.1) and in their infrared 
and NMR spectra (no signal for olefinic proton,  
broad multiplet  centered on 7.27~- for epoxy 
ring protons). 

(b) The natural ester (20 mg) was subjected 
to acetolysis (9) by reaction first with acetic 
acid (2 ml) and then with aqueous methanolic 
(1:4) sodium hydroxide (5 ml, 8%). After 
recovery (18 mg), part of the product  (10 rag) 
was hydrogenated with palladium-charcoal. 
Von Rudloff  oxidation furnished hexanoic and 
nonanedioic acids from the nonhydrogenated 
ester and nonanoic and nonanedioic acids from 
the reduced product.  

The acetylenic dihydroxy ester, the satu- 
rated dihydroxy ester, and methyl threo-9,10- 
dihydroxystearate showed identical behavior on 
a TLC plate impregnated with boric acid (5%, 
PE50) (10). 

(c) Base-catalyzed isomerization (lithium 
diethylamide) of the natural ester (17 mg) gave 
a product  (27 mg) from which hydroxy ester (7 
rag) was isolated by preparative TLC (PE45). 
This had an ultraviolet spectrum (X max 228 

1% I% m/.t, E lcm 500; 238 m~t E lcm 430) and an 
IR spectrum (absorption at 3595 and 950 
cm -1) identical with those obtained from the 
product of a similar reaction on the synthetic 
epoxy ester. 

Component  X was shown to be methyl cis- 
9,10-epoxystearate. After acetolysis and hy- 
drolysis it gave methyl  dihydroxystearate which 
was oxidized to nonanoic and nonanedioic 
acids and which behaved in the same way as 
authentic methyl threo-9,10-dihydroxystearate 
on thin layer plates treated with boric acid. 

Examination of Dimorphotheca pluvialis ringens 
and D. aurantiaca Seed Oils 

Seeds were extracted with petroleum and 
the oils converted to methyl esters by overnight 
reaction with cold dilute sodium methoxide.  
Epoxy esters were then isolated by TLC (PE30) 
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and examined further by GLC, silver ion TLC, 
and IR spectroscopy. 

The esters from D. pluvialis ringens seed oil 
gave an epoxide fraction of only 1%. This was 
epoxystearate (10%) and epoxyoctadecenoate 
(90%) but the latter showed no significant 
absorption in the 900-1000 cm-1 region of its 
IR spectrum. 

D. aurantiaca seed oils also gave about 1% of 
epoxy esters comprising saturated (15%) and 
unsaturated (85%) components. The latter 
showed no evidence of trans saturation in its IR 
spectrum. 

DISCUSSION 

We have already shown (~) that suitably con- 
structed epoxides (1) rearrange, under the 
influence of lithium diethy!amide, to the trans 
enol (2). Under the conditions examined this 
occurs only when the CH 2 group a to the 
epoxide is activated by some adjacent group X. 
Reaction proceeds smoothly when X is a 
double bond and not at all when X is a 

LiNEt2 t 
- H . C H 2 . X  ~-CH(OH).CH=CH. X 

(1) (2) 

saturated polymethylene chain. It was of 
interest to know whether this reaction would 
occur when X is a triple bond since this would 
make possible a partial synthesis of racemic 
helenynolic acid from crepenynic acid and pro- 
vide (perhaps) a chemical analogy for a possible 
biosynthetic pathway. 

c ( ~  t 
C~==(',CIt 2.('It=Ell = (~=('.Cih. II It ( ' ~C . ( ' I I = ( ' I I .C I I (O l l )  

(13) (9) 
('rcpcnynic acid Ilclcnynolic acid 

Using Afzelia cuanzensis (11) as a source of 
crepenynic acid the desired epoxy acid was pre- 
pared by epoxidation with monoperphthalic 
acid. Rearrangement occurred at 0 C in 1 hr 
and a hydroxy ester (53%) was isolated by 
TLC. As with the olefinic compounds already 
examined the yield of ester is reduced by a 
competitive reaction leading to hydroxy 
N,N-diethylamide (20%). The IR and UV 
spectra of the hydroxy ester showed the 
presence of a conjugated trans-enyne system 
and a hydroxyl group. The NMR spectrum was 
the same as that reported for natural 
helenynolic ester (4). The hydroxyl  group was 
attached to C 9 since oxidation of the perhydro 
hydroxy ester gave octanedioic and non- 
anedioic esters. Since von Rudloff oxidation 
gave hexanoic and nonanedioic acids the 

hydroxy enyne system must lie between C 9 and 
CI3. The synthetic ester was reduced by 
lithium aluminium hydride to an allene and 
etherified, rather than dehydrated, with 
methanolic hydrogen chloride as described by 
Powell et al. (4) for the natural acid. Unsatu- 
ration was shown to be 10-en-12-yne by partial 
reduction with di-imide (generated from azo 
dicarboxylic acid) which furnished, among 
other products, a hydroxy ynoic acid oxidized 
to hexanoic acid and (probably) the lactone of 
4-hydroxy-dodecanedioic acid. An authentic 
sample of methyl 9-hydroxyoctadec-12-enoic 
acid gave the same oxidation products. 

If helenynolic acid is produced naturally 
from crepenynic acid by an enzyme-catalyzed 
rearrangement of the epoxide it seemed pos- 
sible that the epoxide of crepenynic acid might 
occur in Helichrysum bracteatum seed oil. The 
epoxy esters in this oil were readily isolated by 
TLC, and GLC showed the presence of three 
components which, from their carbon numbers, 
could be saturated, olefinic, and acetylenic 
epoxy esters. Attempts to separate these by 
silver ion chromatography were not successful 
but this difficulty was overcome by treating the 
natural epoxy esters with excess of mono- 
perphthalic acid. The olefinic epoxide was con- 
verted to a diepoxide but the saturated and 
acetylenic epoxides were unchanged. After 
separation from the diepoxide the two mono- 
epoxides could be separated by silver ion TLC. 

The epoxyoctadecenoate (about 10% of 
total esters) was not examined fiarther and is 
presumably the metbyl coronarate already 
reported. The saturated epoxide (1%) was 
shown to be methyl cis-9,10-epoxystearate and 
the acetylenic epoxide (3%) was identified as 
methyl cis-9,10-epoxyoctadec-12-ynoate and 
was thus identical with epoxidized crepenynic 
acid. 

The natural and synthetic acids were identi- 
cal in their chromatographic (TLC and GLC) 
and spectrosopic (IR, NMR) behavior. The 
natural epoxy ester, by acetolysis, hydrolysis 
and re-esterification, gave an acetylenic di- 
hydroxy ester, some of which was hydro- 
genated to a saturated dihydroxy ester. Oxi- 
dation of the unsaturated and saturated di- 
hydroxy esters gave hexanoic and nonanedioic 
acids and nonanoic and nonanedioic acids 
respectively showing the position of the 
epoxide [C9-C10] and of the unsaturated 
center (A12). Since the saturated and unsatu- 
rated dihydroxy esters run with methyl threo- 
9,10-dihydroxystearate on boric acid impreg- 
nated TLC plates (10) all three must be threo 
diols and the epoxide from which two of them 
were derived must be cis. Finally, base- 
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catalyzed rear rangement  gives a p roduc t  identi-  
cal with tha t  previously ob ta ined  f rom 
synthe t ic  epox id ized  crepenynic  ester. This 
p roduc t  is p resumably  the  same as natural  
helenynol ic  ester. 

Since me thy l  he lenyno la te  has the 9D con- 
figuration we expec t  the  new acetylenic  epoxy  
acid to have the  9D, 10D conf igura t ion  and, by 
analogy, we predic t  tha t  coronar ic  acid and the  
hyd roxy  dienoic acid also present  in this seed 
oil may be 9D, l OD-epoxyoctadec-cis-12-enoic 
acid and 9D-hydroxyoc tadeca- t rans -  1 O, cis- 12- 
dienoic acid (a -d imorphecol ic ) .  This coronar ic  
acid would  then  be the  s te reo isomer  of  the  9L, 
10L isomer  recognized in Xeranthemum 
annuum seed oil (12).  

f l -Dimorphecolic  acid (9 -hydroxyoc tadeca -  
trans-lO, trans-12-dienoic acid) can be f i t ted  
in to  our  b iogenet ic  proposals  (1,2) ei ther  by 
postulat ing a cis, trans s t e reomuta t ion  at some 
stage or by star t ing wi th  the  9c,12t  or 9 t ,12t  
s te reoisomer  of  linoleic acid. Morris and 
Marshall (13) have recent ly  shown tha t  
Dimorphotheca aurantiaca seed oil conta ins  
b o t h  f l-dimorphecolic  acid and the 9c,12t  iso- 
mer of  linoleic acid. Encouraged by our  success 
wi th  Helichrysum bracteatum seed oil we 
examined the  seed oils of  D. aurantiaca and D. 
pluvialis ringens to  see if these conta ined  any 
epoxy  trans m o n o e n o i c  acids. Both conta ined  
about  1% of  e p o x y  esters which were mainly 
olefinic but  we could f ind no infrared evidence 
of  trans unsa tura t ion .  
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