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The monoglycerides of each acid contains approxi-
mately 10% of the 2-isomer.

The 2-monoolein area ineludes the l-monostearin
peak while the 2-monolinolein peak is masked by the
I-monoolein peak. Monoglyceride TMS derivatives
have been separated according to degree of unsatura-
tion on thin layer plates. However, this technique is
not perfected and is under further investigation. With
the use of this additional step one can quantitatively
determine the composition of any monoglyceride mix-
ture, including the conen of the 1- and 2-isomers of
cach component.
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Helichrysum Seed Oil L Separation and Characterization

of Individual Acids

R. G. POWELL, C. R. SMITH, JR., and I. A. WOLFF, Northern Regional Research Laboratory," Peoria, Illinois

Abstract

Helichrysum bracteatum (family Compositae)
seed oil contains a complex array of unusual
fatty acids in addition to the usual palmitie,
stearic, oleie, and lnoleic acids. Its unusual
constituents include 9.5% crepenynic acid ; 14.0%
epoxy acids, mainly coronaric; 4.4% cis,trans-
hydroxy conjugated dienoie acids; and 7.2% of
a previously unknown hydroxyacetylenic acid for
which the name helenynolic acid is proposed.
A method for determining helenynolic acid in
the presence of hydroxy-conjugated dienes is
deseribed.
Introduction

Helz'chrysum bracteatum or strawflower is an an-
nual originally from Australia. It is widely
cultivated in the United States for its bloom, since
the flower heads, when dried, hold their color for
months.

The unusual nature of the oil was first noted in
this laboratory during a routine gas-liguid chromato-
graphic (GLC) analysis of the methyl esters. No
linolenie acid was found although oil from a different
accession of seed had been reported to contain 32.0%
of this acid as determined by alkali isomerization (1).
An unusual component appeared with equivalent
chain lengths (ECL) of 18.1 on an Apiezon L: column
and 207 on a LAC-2-R446 column (2) and was
tentatively identified as methyl crepenynate (3). A
Durbetaki titration (4) of the oil gave a hydrogen
bromide equivalent (HBE) (5) of 18.4, whereas GLC
analysis of the methyl esters indicated a much lower
quantity of epoxy acids to be present. An IR spec-
trum of the oil contained a noticeable hydroxyl peak,
but no other peculiar feature that seemed significant.
A UV absorption maximum at 229 mp (6) indicated
conjugated enyne. Thin-layer chromatography (TLC)
of the methyl esters revealed the presence of three
monohydroxy acids and at least one epoxy acid.

1 No, Utiliz. Res. & Dev, Div.,, ARS, USDA.

This paper presents the isolation and purification
of the individual component fatty acids of Hels-
chrysum oil, and the characterization of some of the
unusual acids present.

Experimental Procedures and Data
Methoeds

TLC was performed on glass plates coated with
Silica Gel G (according to Stahl) with hexane, diethyl
ether, acetic acid (70:30:1 or 80:20:1) as the solvent.
Spots were detected by spraying with 50% sulfuric
acid and heating at 120C.

GLC analyses were carried out as deseribed by
Miwa et al, (2).

Countercurrent distribution (CCD) studies utilized
a 200-tube Craig-Post apparatus and the acetonitrile-
hexane solvent system (7).

Partition chromatography of Helichrysum free
acids was ecarried out essentially as deseribed by
Frankel et al. (8,9) using a 2.0% methanol in ben-
zene as the eluting solvent. Our separations were not
comparable to those of Frankel because of the large
samples used; however, it was possible to obtain a
hydroxy acid concentrate as described later in this
paper.

Periodate-permanganate oxidations were as de-
seribed by von Rudleff (10).

UV spectra were determined with a Beckman DK-
2A spectrophotometer. IR spectra were determined on
a Perkin-Elmer Model 137 instrument, using 1%
solutions in earbon tetrachloride.

Od Extraction. Oil was obtained from the ground
seed of Helichrysum bracteatum var. monstrosum by
Soxhlet extraction with petroleum ether (bp 30-60C).
Solvent was removed n wvacuo with a rotary evapo-
rator. The yield of oil was 26, 6% It showed a rather
broad maximum at 229.7 mp, Ei% 80.5, in cyclo-
hexane. In the IR, a hydroxyl peak (3450 em~') was
the only unusual feature. The oil had an HBE of
18.4 and contained 0.7% free fatty acid (caleculated
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F1a. 1. Countercurrent distribution of Helichrysum methyl
esters. Transfers 1-1200 each contained 10 ml of upper phase;
transfers affer 1200 contained 40 ml of upper phase.

as oleic). For other analytical data on the erude oil
see reference 1.

Preparation of Methyl Esters. Helichrysum seed
oil (14.92 g) was saponified by refluxing it with 1 N
potassium hydroxide under nitrogen for 1.5 hr. The
saponification mixture was extracted with ethyl ether,
acidified with 3 N hydrochloric acid, and extracted
again with ether. A yield of 0.82 g of unsaponifiable
material and 10.79 g of fatty acids was obtained. The
HBE of the unsaponifiables was only 0.8.

A portion of the fatty acid mixture was esterified
by refluxing for 1 hr with 1% sulfuric acid in
methanol. The esters were isolated by diluting the
reaction mixture with water and extracting with ethyl
ether. Another portion of free acids was esterified in
ether solution by the addition of diazomethane.

Methyl esters were also prepared by alcoholysis of
the erude oil with sodium methoxide catalyst; 10.15 g
of oil was dissolved in 100 ml of methanol in which
0.4 g of sodium had been dissolved previously. This
mixture was refluxed under nitrogen for 1 hr, acidi-
fied with acetic acid, diluted with an equal volume of
water, and extracted with ether. A yield of 83 ¢
of mixed esters was obtained.

CCD of Mized Methyl Esters. A 7.86-g sample of
mixed esters, obtained by alcoholysis, was subjected
to CCD following the single withdrawal procedure.
The sample was dissolved in 40 ml of upper phase and
distributed equally among the first four tubes. After
1,000 transfers had been made with 10 ml of upper
phase per transfer, the apparatus was set to deliver

Weight, mg.
S
|

S
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Fig. 2. Countercurrent distribution of hydroxy esters.

Vor. 42

40 ml of upper phase, and the distribution was con-
tined for another 650 transfers. The weight distribu-
tion is shown in Figure 1. Peak C amounted to 12.7%
of the original sample and peak D was 14.0%.

The monohydroxy esters did not emerge from the
CCD apparatus during this run. UV speectra of
selected tubes revealed a conjugated diene (Apmax
233 mp) to be concentrated in tubes 150-200 and a
conjugated enyne (Amax 228 mp) in tubes 90-130.
Considerable unsaponifiable material was found to be
present in these tubes when examined by TLC.

Concentration of Hydroxzy Acids by Column Chro-
matography. After removal of unsaponifiable mate-
rial, mixed Helichrysum free acids could be chromato-
graphed on silica gel to obtain a concentrate of the
hydroxy acids. The acids were chromatographed in
1.5-g batches. The separation was followed by IR
spectroscopy and appropriate fractions were com-
bined. The conecentrate was further enriched in hy-
droxy acids by chromatographing it a second time.
A total of 2.67 g of concentrate was obtained from
14.21 g of the original free acid mixture. The concen-
trate was then esterified with diazomethane and the
resulting esters were chromatographed on silica gel
using hexane-ethyl ether (80:20) as the eluting sol-
vent. After ecombining fractions rich in hydroxyl as
determined by the presence of a peak at 3600 em™t in
the IR, the coneentrate amounted to 1.17 g.

CCD of Hydroxy Esters. The hydroxy ester con-
centrate, 1.17 g, was subjected to a 600 transfer CCD
similar o the previous one except that 40-ml transfers
of upper phase were used throughout. The wt dis-
tribution (fundamental procedure) is shown in Figure
2. Peak ¥ contained 4.0% (0.57 g) and peak & con-
tained 2.5% (0.35 g) of the total methyl esters derived
from the original oil. These must be regarded as
minimum percentages for the respective components,
as losses undoubtedly occurred during the concentra-
tion procedure.

TLC and GLC Studies. Mixed methyl esters pre-
pared by each of the methods discussed previously
were examined by TLC (Fig. 3). Diazomethane-pre-
pared esters (sample 3) gave three spots with R
values comparable to monohydroxy esters, and one
major spot with Ry slightly less than that of 9,10-
epoxystearate. TLC analysis of esters prepared with
methanolic sulfuric acid showed the absence of epoxy
acids as well as two of the monohydroxy acids; how-
ever, two new spots were evident having R; values of
0.71 and 0.78.

The peaks obtained by CCD were algo investigated
by TLC (see Fig. 4). Sample 3 (Fig. 3) and sample
3 (Fig. 4) were both prepared by diazomethane esteri-
fication of Helichrysum free acids; removal of unsa-
ponifiables was complete in seeond but not in the first
sample. The more polar solvent system used (hex-
ane: ethyl ether-acetic acid, 70:30:1) gave much better
resolution of the monohydroxy esters.

In the GLC analyses of the methyl esters summa-
rized in Table I, monohydroxy esters are not listed
because the chromatograms were not continued long
enough for these esters to emerge from the column.
A concurrent analysis of an Apiezon-Ii eolumn of the
esters prepared by alcoholysis gave results similar to
those in Table I, except that there were two peaks in
the epoxy region (ECL 19.2 and 19.4) which amounted
to 9.1% and 2.2%, respectively.

Characterization of CCD Peaks
Peak A. Peak A (Fig. 1) was shown by GLC to be
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a mixture of palmitate (42.0%), stearate (15.7%),
and oleate (41.0%).
G I{’gak B. Peak B was 98.5% methyl linoleate by

Peak C. It contained methyl crepenynate in 99.5%
purity by GLC and gave only a single spot when
examined by TLC (Fig. 4). The IR spectrum was
identical to methyl erepenynate obtained from Crepis
foetida seed oil (11).

This ester was hydroxylated by essentially the
same procedure used by Gunstone and Russell (12)
in the identification of ximenynic acid. The material
(0.111 g) in peak C was warmed with a mixture of
0.5 ml of 90% formic aeid and 0.1 ml of 30% hydro-
gen peroxide. The mixture was held at 40C for 2 hr.
Solvent was removed under reduced pressure, 10 ml
of 3 N potassium hydroxide added to the residue, and
the mixture refluxed for 1 hr. The solution was acidi-
fied with dilute hydrochloric acid, extracted with
ether, and dried over anhydrous sodium sulfate. A
light yellow 0il (70.8 mg) was obtained after removal
of solvent. Two erystallizations of this oil from chlo-
roform-hexane yielded 14.8 mg of a dihydroxyacety-
lenie acid, up 71-72C. Hydrogenation of the acid in
ethanol (Adams’ catalyst) yielded {hreo-9,10-dihy-
droxyoctadecanoic acid, mp 93-94C. The melting
point was undepressed upon mixture with authentic
threo-9,10-dihydroxyoctadecanoic acid, mp 93-94C.
On admixture with threo-12,13-dihydroxyoctadecanoic
acid (mp 95-96C) the melting point was lowered to
§3-91C.

To verify the position of the triple bond, 40.0 mg
of C was oxidized with 25 ml of periodate-perman-
ganate reagent, 15 ml of tertiary butanol, and 0.5 g
of potassium carbonate. GLC analysis of the free acids
showed essentially pure hexanoic. Methyl esters were
prepared, and GLC analysis of this revealed methyl
hexanoate and dimethyl azelate along with some minor
short-chain contaminants. Thus structure I (Table 1T)
was verified.

Peak D. The material in peak D was shown to be an
epoxyoleate (99.3%) by GLC analysis. TLC analy-
sis revealed one major spot with a minor overlapping
one of slightly higher R, (Fig. 4). D (0.192 g) was
refluxed with 10 ml of glacial acetic aeid for 3 hr
under a nitrogen atmosphere (13). The bulk of acetie
acid was removed by evaporation under reduced pres-
sure, and the residue was refluxed for 2 hr with 15 ml
of 3 N potassium hydroxide. The mixture was acidi-
fied with 3 N HCI and 79 mg of a yellow oil was
recovered by ether extraction. The oil was crystal-
lized twice from chloroform-hexane; a yield of 17 mg
of a dihydroxy acid (mp 58-62C) was obtained. The
dihydroxy acid (14 mg) was hydrogenated with a
palladium-charcoal catalyst in glacial acetic acid. The
hydrogen uptake was 1.01 moles and the resulting
dihydroxystearic acid had a melting point of 93—
93.5C. On admixture with authentic fhreo-9,10-dihy-
droxyoctadecanocic acid (mp . 93-94C) the melting
point was 92.5-94C. Mixture with threo-12,13-dihy-
droxyoctadecanoic acid lowered the mp to 84-92C.

A portion of the dihydroxyoleate was oxidized with
periodate-permanganate reagent as described earlier
for methyl crepenynate. GLC analysis of the oxida-
tion products (both as free acids and as methyl esters)
showed essentially only hexanoic and azelaic acids.
These data are consistent only with coronaric acid
(structure TI, Table II).

Peak E. This peak contained material having an
ECL of 23.7 on R-446 and 19.4 on Apiezon-I. with a
purity of 96.2%. It was not characterized further.
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Frg. 3. TLC of Helichrysum methyl esters: 1) Standard
mixture for comparison in order of inereasing Re: ricineleidate,
9,10-epoxystearate, 12-ketostearate, palmitate. 2) Esters from
sodium methoxide alcoholysis. 3) Esters prepared with diazo-
methane. 4) Esters prepared using 1% sulfuric acid in meth-
anol; spots having R values of 0.71 and 0.78 are unusual oxy-
genated compounds. The developing solvent was hexane:ethyl
ether:acetic acid (80:20:1). Spots were reproduced by tracing.

Peak F. 1t showed a single spot when examined
by TLC (Fig. 4). The material had the following
spectral characteristics: IR showed peaks at 3600
em™t (—OH), 2210 em™* (C=C), 1625 em™ (C=(),
and 956 em™ (trans C=C). UV had Ap. 227.8
mp (B1%, 570) in ethanol with an inflection at 235
mp. Material from peak F was not reactive under
conditions of the Durbetaki titration. When GLC ex-
amination of this material was attempted, it decom-
posed into a number of unidentified fragments. This
decomposition was more pronounced on an Apiezon-L
column, probably because of the higher temp used.

]

’ [} . . N

] 2 3 4 5 6

Fig. 4. TLC examination of ecountercurrent distribution
peaks: 1) Peak C, methyl ecrepenynate. 2) Peak D, epoxy
acid(s). 3) Mixed Helichrysum methyl esters, free of un-
saponifiables; spot of Re 0.06 is probably a dihydroxy ester.
4) Peak F, conjugated enynol. 5) and 6) Tubes 110 and 130
from peak G, conjugated dienols. The developing solvent was
hexane :ethyl ether:acetic acid (70:30:1). Spots were repro-
duced by traeing.
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TABLE I

GL.C Analyses of Helichrysum Methyl Esters
(Results expressed as area pereent)

| Method of preparation
Component ECL® Methanol- . Methanol,
sodinm Dﬁm}zom& sulfurie

methoxide ane acid
Palmitat . 16.0 12.2 12.7 12.6
Stearate. . 18.0 4.6 4.3 4.2
O}eate 18.4 11.9 11.5 12.0
Linoleate ...... 19.0 48.9 54.0 53.8
Crepenynat 20.8 13.0 9.6 8.8
]‘onxyoleat et 23.1 5.8 4.3 | .
Unknown Various 3.6 3.6 8.6

2 As determined on Resoflex column. For explanation of BECL, see
reference 2.

Evidence for structure IIT (Table II) will be pre-
sented elsewhere (14).

Peak . TLC examination revealed a mixture of
hydroxy acids in peak G (¥ig. 4). This mixture had
a UV maximum at 233 myu. IR showed peaks at 3600
em™t (—OH) and the peaks of nearly equal intensity
at 980 and 950 ¢m! indicated a cis,trans-conjugated
diene (15),

Method for Determining Enynol in the Presence of
Dienol. Material from peak F (conjugated enyne)
was not dehydrated by refluxing for 1.5 hr with 0.1
N methanolic HCl and retained essentially all the
enyne chromophore; no significant inerease in absorb-
ance was noted in the conjugated triene region. Under
these conditions conjugated dienols similar fo di-
morphecolic acid are dehydrated to trienes (16) as
were the dienols from peak G. A sample of Hels-
chrysum oil was refluxed with 0.1 N methanolic HCl
for 1.6 hr. UV spectra of the oil before and after
the acidic methanol treatment are shown in Figure
5. Assuming 100% dehydration of the dienols to
trans,trans,trans-conjugated trienes and using the
value € 54,900 for Aya.x 269 mp (17), it was caleu-
lated that a minimum of 3.5% ftriene formed. Thus
Helichrysum oil contains at least 3.5% of a-hydroxy-
dienoie acids. It was also possible to calculate a
maximum amount of enyne present (10.8%) if the
value was used of El%, quoted earlier for pure F.
This percentage is high, due to interfering absorptions
(Fig. ).

Absorbance
@

——— After

0 | |
210 230 250 270 290
Wavelength, m i

Fia. 5. Ultraviolet spectra of Helichrysum oil before and
after treatment with refluxing 0.1 N methanolie HCI.
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TABLE I1

Structures (Confirmed and/or Tentative) of the Unusual
Fatty Acids in Helichrysum bracteatum Seed Qil

I CHz(CHz2):C=CCHCH=CH (CH2)7C0:H
cis
i1 CHs{CHz)+CH=CHOHCH~CH (CH2)7C02H
cis N/
111 CHs(CHz) :0=CCH=CHCH (0H) (CHz2)7CO=H
trans
v CHs(0Hz) 1 OH=CHOH=CHCH (OH) (CHz2)COzH
v CHs(0H:):CH(OH) CH=CHCH=CH (CH:)7CO2H
Discussion

Helichrysum bracteatum seed oil contains crepeny-
nic acid (I) which was first reported fo oceur in
Crepis foetida seed oil by Mikolajezak et al. (3). Up to
14% epoxy acids are also present, the major portion
of which has been characterized as coronaric aeid
(II) originally found in Chrysanthemum coronarium
seed o1l (18). The conjugated cis,frans dienols may
have structures IV and V. These have been found as
constituents of Tragopogon porrifolius seed oil (19),
and evidence for their wide occurrence in seed oils
of the Compositae has been presented by Morris et al.
(20). The seed oil of another composite, Dimorpho-
theca aurantiace (= D. sinuata), is known to confain
ca. 59% dimorphecolic acid (21) as determined by
UV speetral analysis. Dimorphecolic acid is the
trans, trans isomer of IV (22).

Helichrysum bracteatum seed oil also contains an
unusual hydroxyacetylenic acid which was originally
thought to be 8-hydroxyximenynic acid (23). Fur-
ther investigation has shown that it is 2 new acid (14)
and the name helenynolic acid is proposed. The ob-
servation that methyl helenynolate (tentative struc-
ture 111), with a hydroxyl group a to unsaturation,
decomposes under GLC eonditions is consistent with
earlier work by Morris et al. (24). They found that
reduced linoleate hydroperoxides and methyl dimorph-
ecolate decomposed similarly, and that decomposition
was related to the column and flash heater temp used.
Compounds with hydroxyl groups that were not o to
unsaturation were stable under the same conditions.
Part of the unknown peaks in Table I are thought
to be fragments from methyl helenynolate.

With our data, the total percentages of fatty acids
present in Helichrysum oil were caleulated. Conju-
gated dienes with hydroxyl « to olefinic unsaturation
consume hydrogen bromide rapidly in the Durbetaki
titration (25). Since only 14.0% epoxy acids were
isolated from CCD, it was assumed that 4.4% of
dienols must be present to allow for the observed
HBE of 184. CCD of the hydroxy acid concen-
trate showed dienes and enynes to occur in the ratio
of about 1.00 to 1.62. This ratio allows for 7.2%
helenynolic acid. These percentages were used for the
oxygenated acids, and the GLC values (Table I, aleo-
holysis esters) for nonoxygenated acids were recaleu-
lated on this basis. Revised percentages are given in
Table I1I. The reason for low percentages of epoxy

TABLE III

Composition of Helickerysum bracteatum Seed Oil
(Combined results from GLC and CCD data)

Percent Percent
Component { of oil Component I of ofl
Palmitic 9.0 | Epoxy 14.0
Stearic 3.3 Conjugated diene 4.4
Oleic 8.7 Conjugated enyne 7.2
Linoleic 35.8 Unknown acids 2.6
Crepenynie 9.5 Unsaponifiables 5.5
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acids obtained by GLC is not clear. Reactions may
have occurred between the epoxides and any of the
reactive constituents not ordinarily found together
with them under conditions of the GLC analysis.
Losses occeurring from decomposition or alteration of
epoxy acids on a number of stationary phases have
been investigated by Herb and eo-workers ( 28).

Evidence for the presence of small amounts of a
dihydroxy acid is shown in sample 3 of Figure 4.
Formation of unusual oxygenated compounds, prob-
ably methyl ethers of the hydroxy acids, is suggested
by TLC of esters prepared with methanolic sulfuric
acid (sample 4, Fig. 3). These oxygenated materials
are undergoing further study.
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Search for New Industrial Oils. XIL. Fifty-eight Euphorbiaceae
Oils, Including One Rich m Vernolic Acid

R. KLEIMAN, C. R. SMITH, JR. and S. G. YATES, Northern Regional Research Laboratory,” Peoria, Illinois,
and QUENTIN JONES, Crops Research Division,® Beltsville, Maryland

Abstract

Seed oil of Euphorbia lagascae Spreng. contains
57% of c¢is-12,13-epoxy-cis-9-octadecenoic (ver-
nolic) acid. The amt of trivernolin in the glye-
erides of this species indicates random or restricted
random distribution of the vernolie acid.

Seed from 57 additional species in the Buphor-
biaceae were analyzed for oil and protein contents
and also for fatty acid composition of the oils.
Todine values (1.V.) of the oils ranged from 87—
221. Among these oils, samples were encountered
with as mueh as 76% linolenic, 77% linoleic or
849% oleic acid.

Introduction

F THE GLYCERIDE OILS now traded in quantity, two
O of the more unusual ones are from plants in the
Euphorbiaceae (spurge family). Castor oil eontaining
ricinoleic acid is obtained from Ricinus communis Li,
and tung oil containing eleostearic acid from several
species of Aleurites. Literature reports of other un-
usual oils in the family include kamala oil from Mal-
lotus philippinenis Muell. Arg. eontaining hydroxy-
eleostearic acid; croton oil from Croton tiglium L.
possessing violent purgative properties; oil containing
epoxy acids from Cephaloeroton (1) ; and oils eontain-
ing eonjugated unsaturation from Ricinodendron,
Sapium, and Garcia. Most of the oils from approx 65
species of Euphorbiaceae reported by Hilditch (10),

1 Presented at the AOUS in New Orleans, 1964,

2 A lahoratory of the No. Utiliz. Res. & Dev. Div.,, ARS, USDA.
3 ARS, USDA.

Hckey (6), and in more recent literature contain only
the common fatty acids in widely varying proportions.

In our continuing survey of seed oils, 58 species of
Euphorbiaceae have been analyzed ; 11 of these, includ-
ing six in our earlier papers (3,4}, have been reported
in prior literature but without gas-liquid chromato-
graphie (GLC) analyses. One species of the 58, Eu-
phorbia lagaseae Spreng., is unigue in its high content
of epoxyoleic acid.

The Euphorbiaceae include some 280 genera and
8,000 species (2), predominantly tropical but also
widely distributed in temperature regions. The larg-
est genera are Kuphorbie (ca. 1,000 species), Croton
(ca. 500-600 species), and Phyllanthus (ca. 400
species). Plant types range from herbs to trees and
include vine- and cactus-like forms. Useful commer-
cial products other than oils obtained from the family
include rubber (Hevea brasiltensis Muell. Arg.), can-
delilla wax (Huphorbia antisyphilitice Zuce.), and
cassava (Manihot esculenta Cranz.). Many species are
grown domestically as ornamentals. The samples an-
alyzed represent two of the four subfamilies and 10
of the 11 tribes within these subfamilies.

Materials and Methods

Collection, preparation, analysis of seed, and GLC
analysis of the fatty acids were accomplished as previ-
ously deseribed (5,15,18). Seed of Euphorbia lagascae
was collected from wild plants in Spain under Public
TLaw 480 funds. Methyl esters were prepared by acid-
catalyzed methanolysis except for the E. lagascae prep-
aration that was catalyzed by sodium methoxide (16).



