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Abstract 
Selective extraction of parsley seed oil (Petro- 

selinum sativum) facilitates the isolation of 
myristicin (5-allyl-l-methoxy-2,3-methylenedioxy- 
benzene) and is also useful for the preparat ion 
of petroselinie acid from the triglycerides of this 
oil. Coriander seed oil (Coriandrum sativum) is 
also a satisfactory source for the isolation of 
petroselinic acid. 

Introduction 

p ARSLEY SEED OIL may contain up to 75% petro- 
selinie (6-octadecenoic) acid and, therefore, ap- 

pears to constitute an excellent s tart ing material for 
the preparat ion of this acid (1, 2, 4). 

During a large-scale preparat ion of petroselinic 
acid from parsley seeds, we observed that the extrac- 
tion procedure for obtaining the total lipids was of 
crucial significance, and various batches of oil differed 
widely in  their composition. 

The average parsley seed is 2-3 mm long and less 
than 1 mm wide. Their small size and ref rac tory  
nature make them difficult to grind. The degree of 
grinding has an important  bearing on the yield and 
composition of the oil. The oil obtained from tho- 
roughly ground seeds contains a much higher per- 
centage of triglycerides than that  from part ial ly 
ground seeds. In  fact, it is possible to extract  virtu- 
ally all of the nonglyceride constituents by merely 
washing the whole (unground)  seeds with solvent. 
Fur thermore,  extraction of the washed seeds af ter  
they are thoroughly ground yields vir tual ly pure 
triglyeeride. 

Exper imental  
Extraction of Parsley Seeds. Parsley seed (Petro- 

selinum sativum) was obtained from the Burpee Seed 
Co., Clinton, Iowa. 

a) Whole Seeds. A one hundred g batch of whole 
seeds was extracted four times in a 2-liter flask by 
refluxing with l- l i ter  portions of methanol-acetone 
4:1 (v /v)  for periods of six hr. The total extracted 
material was 5.9 g, I.V. (Wijs) ,  181. The extract, 
after removal of the nonsaponifiable portion, yielded 
only 0.16 g of fa t ty  acids. Thus, the material ex- 
tracted in this manner consisted of about 97% non- 
saponifiable lipids. Thin-layer chromatography (TLC) 
(Figure  IA)  showed that  it consisted of five com- 
ponents. The major  component was isolated and 
identified, as described below, as the phenolic ether, 
m y r i s t i e i n  (5-allyl-l-methoxy-2,3-methylenedioxyben- 
zene). 

b) Grou+~d Se~cls. One hundred g of seed was 
ground to a fine powder in a porcelain ball mill and 
extracted four times in a 2-liter flask by refluxing 
with l-l i ter portions of chloroform-methanol 2:1 
(v /v)  for  six-hr, periods. The yield of material  was 
20.3 g (I.V. [Wijs],  115). After  saponification, re- 

1 Suppor ted  in  p a r t  by  P H S  R e s e a r c h  G r a n t  H-4601  f r o m  the 
Na t iona l  I n s t i t u t e s  of Hea l th ,  U.S.  ]?ublic t I e a l t h  Service,  and  The 
H o r m e l  Founda t ion .  

moval of the nonsaponifiables and acidification, 14.4 
g f a t ty  acids was obtained. The TLC of the non- 
saponifiable fract ion (5.4 g) (Figure  1E) was very 
similar to the methanol-acetone extraet  of the whole 
seed (Figure  1A). 

Analysis of Parsley Seed Oil 

Gas-liquid chromatography (GLC) of the various 
fractions described above and the derived methyl 
esters of the fa t ty  acids of parsley seed oil was per- 
formed using an Aerograph instrument  equipped 
with a thermal conductivity detector and a 6 ' x  7/4" 
column packed with Chromosorb W containing 30% 
diethylene glycol snccinate polyester at 200C. 

The fa t ty  acids of parsley seed oil consisted of a 
trace of palmitoleic, 5% pahnitic, 82% oetadeeenoic 
(oleie and petroselinic), and 13% linoleic (Figure 
2A). The GLC of the methanol-aeetone extract of 
the whole seeds and the nonsaponifiable fraction 
(Figure  2, C and D, respectively) were very similar. 
Fur thermore,  the TLC and GLC analyses corre- 
sponded well, each showing four major  components, 
with myristiein making up about 60% of the total. 
F igure  2B shows that  methyl petroselinate and my_ 
risticin have ahnost the same retention thne. From 
these data (Figure  2), it was estimated that about 
14% of the total oil consisted of myristiein. 

I t  is obvious that for the isolation of myristicin 
and /o r  petroselinic acid, an initial washing of the 
parsley seed with methanol-acetone should be carried 
out in order to remove practically all of the myris- 
ticin. The seeds should then be finely ground and 
extracted with chloroform-methanol to obtain the tri- 
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Photostat  of a thin-layer chromatoplate. A, non- 
glyceride extract of parsley seed; B, t r iolein;  C, myrist icin;  
D, oleie acid; E, nonsaponifiable material  of parsley seed oil; 
F, triglyceride extract of parsley seed. Adsorbent:  Silica Gel 
G, solvent system~ petroleum ether (b.p. 30-60C), diethyl ether, 
acetic acid ( 9 0 : 1 0 : ] )  ( v / v / v ) .  Ind ica tor - -char r ing  with 
chromic-sulfuric acid solution. 
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]~I~. 2. GLC analysis of parsley seed oil constituents. A, 
5Iethyl esters of the fa t ty  acids: a, palmitate, b, palmitoleate, 
c, oleate and petroselinate, d, linoleate. B, Nonsaponifiables 
plus methyl esters of the fa t ty  acids: a, pahnitate, b and c, 
unknown nonsaponifiable constituents, d, myristicin, e, oleate 
and petroselinate, f, linoleate, g, unknown nonsaponifiable con- 
stituent. C, Methanol-acetone extract os the whole seeds: 
a, b, d, unknown constituents, c, myristicin. D, Nonsaponi- 
fiable constituents: a, b, and d, unknown, c, myristicin. 

glyeerides which are vir tual ly free of nonsaponifiable 
material. 

Preparation of Myristicin and Petroselinic Acid 

Myristicin. Myristiein was isolated from the non- 
glyceride fract ion (extracted as described above) by 
low temp crystallization f rom petroleum ether, fol- 
lowed by fractional distillation. One par t  of the non- 
glyceride fract ion was dissolved in 10 parts  of petro- 
leum ether, bp 30-60C (Skelly F)  (v /v)  and cooled 
t o - 3 O C .  The crystalline precipitate was collected by 
filtration and reerystallized three times from petro- 
leum ether at -30C.  Fract ional  distillation of this 
material through a Podbielniak Hyper-Cal  column 
yielded myrist icin as the main fraction: bp 118C/2 
ram; n30/D----1.5380; I.V. (Wijs) ,  258 (theo. 133.5 
[addit ion];  267 [addition plus subst i tut ion]) .  

Substitution of iodine is believed to occur at the 
4,6 positions on the ring in accordance with the 
reaction os bromine on this compound (7). Ele- 
mental analysis: C: 68.65%, H:  5.95%, O (Direct) :  
24.98%. Calculated for CllH12Oa: C: 68.72%, H: 
6.28%, O: 24.98%. These data are in accordance with 
the s tructure of myristiein, i.e., 5-allyl-l-methoxy- 
2,3-methylenedioxybenzene (6,7). The myristicin was 
shown to be pure by TLC (Figure 1C) and GLC 
analysis. This substance was fur ther  characterized as 
its bromide (dibromomyristiein dibromide),  mp 128C 
in accordance with values reported in the l i terature 
( 7 ) .  The inf rared  spectrum of myristicin is pre- 
sented in F igure  3. 

Petroselinic Acid. Approx 2 kg of triglyeerides 
was obtained from seed, washed and ground as de- 
scribed above, and converted to methyl esters by 
interesterification with 3 liters of methanol and 9 g 
of metallic sodium. The methyl  esters were recrystal- 
lized from 10 liters of acetone at -30C.  The precipi- 
tate consisted mainly of methyl petroselinate and was 
collected by filtration. The filtrate contained most of 
the methyl oleate and linoleate. The crude methyl 

FIa. 3. Infrared spectrum of myristicin. 10% in  CS2 (680- 
1400 cm -~, 2400-40'00 em ~) and C?CI~ (1400-240,0 cm-~). 

petroselinate was fur ther  purified by repeated crystal- 
lization under  identical conditions and by urea com- 
plex formation which removed all of the saturated 
esters. The methyl esters (approx 600 g) were 
recovered from the filtrate and distilled through a 
Podbielniak Hyper-Cal  column. The Cls-fraetion of 
the distillate consisted entirely of methyl petroselin- 
ate;  the yield was about 500 g, which corresponded 
to approx one-third of the content of the seeds; bp 
163C/2.5 mm; mp of petroselinie acid = 30C ; n'~~ = 
1.4484; I.V. (Wijs) ,  85.4 (theo. 85.6). 

In order  to determine the pur i ty  of the ester in 
regard to the position os the double bond, a 100-rag 
sample of the final product  was ozonized (5). The 
aldehydes and half-ester aldehydes resulting from 
reductive ozonolysis were resolved by GLC in an 
F & M Model 609 instrument  with a hydrogen-flame 
detector on a 12 'x1~  " column containing 30% sili- 
cone in Chromosorb W. 

Figure 4 shows that  the final product  consisted 
entirely of methyl 6-oetadeeenoate (methyl petroselin- 
ate).  Fragments  which could have been derived from 
methyl 9-octadeeenoate (methyl oleate) could not b e  
detected. 

Discussion 
Myristiein has been isolated from the nonsaponi- 

fiable fract ion of parsley seed oil (1 ,4) ,  and it has 
also been synthesized (6, 7). We have demonstrated 
that  the isolation of this compound is possible by 
selective extraction of total parsley seed with metha- 
nol-acetone. Af ter  removal of the myristiein and 
other nonglyeeride constituents, vir tual ly  pure tri- 
glycerides can be obtained by extracting" the thor- 
oughly ground seed with chloroform-methanol. 

Petroselinie acid is easily prepared from the tri- 
glyeerides of parsley seed oil by the consecutive ap- 
plication of low temp crystallization of the fa t ty  acid 
methyl esters, followed by urea complex formation 
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l~m. 4. GLC analysis of tile products resulting from the 
reductive ozonolysis of methyl petroselinatc. A, methyl liexs- 
noate-6-al; B, dodecyl aldehyde. 
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and fractional distillation. A small amount of my- 
ristiein is collected in the forerun of the distillation; 
the C~s-fraetion consists of pure methyl petroselinate. 

In  accordance with previously reported values 
(3),  GLC analysis showed that the total lipid of 
coriander seed (Coriandrum sativum) contains about 
50-55% petroselinie acid and only a small percentage 
of nonsaponifiable material. Therefore, it also con- 
stitutes a convenient source for the preparat ion of 
petroselinic acid. 

Since the phenol ether, myristicin, overlaps in GLC 
analysis with methyl petroselinate and methyl oleate 
and has similar solubility properties, care must be 
exercised in the routine analysis and isolation of the 
"me t hy l  es ters"  derived from seed oils. I f  the esters 
are prepared by methanolysis of the total oil without 
prior extraction of the nonsaponifiable material, cer- 

tain peaks in the gas chromatogram may be inter- 
preted erroneously as representing methyl esters of 
fa t ty  acids. 
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Acid from Petroselinic Acid I 

6-Hydroxycaproic 
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Abstract 
Laury l  alcohol and 6-hydroxyeaproie acid have 

been prepared from the ozonolysis products from 
both petroselinie acid and its ethyl ester by re- 
duction with sodium borohydride. Satisfactory 
conversion of the ozonolysis product  from ethyl 
petroselinate to ]auryl  alcohol and ethyl 6-hy- 
droxyeaproate was also achieved by catalytic 
hydrogenation, but  the hydrogenation product  
was contaminated with small amomlts of diethy] 
adipate and ethyl laurate as indicated by gas 
liquid chromatography. A procedure has been 
devised using ion exchange resin for the conver- 
sion of sodimn 6-hydroxyeaproate to 6-hydroxy- 
caproie acid without the concomitant formation 
of laetones or polyesters. 

Introduction 

S EEDS Of the plant family Umbelliferac yield oils 
having a relatively high content of petroselinie 

acid and have potential for  development of a new 
oilseed crop for industrial  utilization. 

Petroselinic (cis-6-oetadecenoie) acid, because of the 
unusual location of its ethylenic bond, is a potential 
source of a number of difunctional 6-carbon, and 
monofunctional 12-carbon compounds which are not 
readily available from other domestic fa t ty  acids. 
The application of eertaiu types of reductive cleavage 
to the ozonolysis products of petroselinic acid should 
result in the formation of 6-hydroxycaproic acid and 
lauryl  alcohol. 6-Hydroxyeaproic acid has been syn- 
thesized by Stoll and Rouv5 (1). I t  has also been 
obtained in admixture with its laetone by other work- 
ers (2,3). Laury l  alcohol is available by the reduc- 
tion of laurate esters from coconut oil. 

The reduction with sodium borohydride of the 
ozonolysis products from other unsaturated fa t ty  
acids, or their esters, to yield omega-hydroxy acids 
and alcohols has been reported recently by Sousa and 
Bluhm (4),  Benton and Kiess (5), and Diaper and 
Mitchell (6). The lat ter  authors also investigated the 

1 Presented  at the A O C S  Meeting, St. Louis, lYlo., 1961. 
-" One o.f the laboratories  of the Southern Utilization Research and 

Development Division, Agr icul tura l  Research Service, U.S.D.A. 

use of catalytic hydrogenation of ozonolysis products 
for  the same purpose but obtained higher yields and 
purer  products by the sodium borohydride reduction. 

The present work describes the preparat ion of 
lauryl  alcohol and 6-hydroxyeaproie acid by reduc- 
tion of the ozonolysis products of both petroselinie 
acid and its ethyl ester, and inchldes a comparative 
analysis of the prodnets by conventional and gas 
liquid chromatography. 

Experimental 
Materials. Petroselinie acid (I.V., 88.0) was pre- 

pared by a previously described procedure (7). Ethyl  
petroselinate (I.V., 80.4) and the esters which were 
nsed as standards, excepting ethyl 6-hydroxyeaproate, 
were obtained by esterification of the corresponding 
acids with ethanol using sulfuric acid as catalyst. 
E thy l  6-hydroxyeaproate was prepared by the rent- 
tion of epsilon-eaprolaetone with boiling, absolute 
ethanol in the presence of a catalytic quanti ty of 
sodium hydroxide, and 6-hydroxyeaproie acid from 
epsilon-eaprolactone by saponification followed by 
acidification with an iou exchange resin. All other 
chemicals were eommereial products. 

Ozonolysis Procedure. Petroselinic acid or ethyl 
petroselinate was dissolved in 5 ml of ethanol per 
g of sample and a mixture of ozone and oxygen was 
bubbled through the ice-salt bath cooled solution un- 
til the rapid uptake of ozone ceased as indicated by 
the release of iodine from aqueous potassium iodide 
by the exit gases. The ozonization time was approx 
11 rain per 0.01 mole of sample. 

Reduction of Ozonolysis Products with Sodium 
Borohydride. A freshly ozonized solution of 56.8 g 
(0.02 mole) of petroselinic acid in absolute ethanol 
was added to a stirred, ice-salt bath cooled, s lurry 
of 15.0 g of sodium borohydride in 80 ml of absolute 
ethanol at such a rate that  a temp of 20-30C was 
maintained. Addition of the ozonolysis product  re- 
quired 11~ hr, and st irr ing of the reaction mixture 
at the same temp was continued for an additional hr. 
The reaction mixture was then diluted with 380 ml of 
distilled water af ter  which 350 ml of aqueous ethanol 
was removed by distillation. 


