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The seed oil of Lunaria biennis (family Crueiferae) con- 
tains 21% of cis-15-tetracosenoic acid. This proportion of 
C:4-nlonoethenoid acid is the highest yet reported in any seed 
oil. The oil also contains cis-13-doeosenoic (erueic) acid 
(42%). 

UNA.RIA B I E N N I S  or honesty ( family  Cruciferae)  
is grown chiefly as an ornamental .  The her- 
baceous plants  grow to a height of 11/~ to 3 ft. 

Their  flowers are most ly  pink-purple  and f r ag ran t ;  
their  seeds are flat and disk-shaped. The genus is 
native to Europe  and western Asia (1). 

A recent pape r  f rom this laboratory  (2) indicated 
tha t  the seed oil of Lunaria biennis contains 21% 
tetraeosenoic acid. This acid has been isolated in 
98% puri ty ,  and in at least 70% yield, by fractional 
distillation of methyl  esters. Chemical characteriza- 
tion has now established that  the acid is cis-15-tetra- 
eosenoic acid ( t r ivial  name: nervonic or selacholeie 
acid).  Lunaria seed oil might  become a practical  
source of this tetracosenoic acid or of the correspond- 
ing sa tura ted  f a t t y  acid produced by hydrogenat ion 
if good seed yields of this species through cultivation 
are possible. Ligthelm and coworkers (3) reported 
that  South Af r ican  Ximenia  kernel oils contained 
f rom 3 to 7% cis-15-tetracosenoic acid. I t  has long 
been known as a component  of elasmobraneh-liver oils 
(4,5) and also of brain eerebrosides (4,6). Bernard  
and Albrecht  (7) found 2.9% of a A 17 C2~-unsatu- 
ra ted  acid in the lipids of Phycomyces blakesleeanus, 
a microorganism. 

A monounsa tura ted  C2:-acid was repor ted to be 
present  in Lunaria seed, ca. 42%, (2) by gas chronm- 
tographic analysis (GLC)  according to the procedure 
of Miwa and coworkers (8).  Since then we have shown 
by the per iodate-permanganate  cleavage suggested by 
von Rudloff tha t  this C22 acid is the common eis-13- 
isomer, erucic acid. 

Experimental 
Oil Extraction. Coarsely ground seeds of Lunaria 

biennis (155.8 g.) were extracted with petroleum 
ether (b.p. 30-600C.) using a Soxhlet extractor,  and 
the solvent was removed in the usual maimer.  The 
yield of oil was 57.6 g. 

Preparation of Methyl  Esters. Lunaria seed oil 
(57.6 g.) was saponified by  refluxing with alcoholic 
potassium hydroxide (23.0 g. of 87% K O H  dissolved 
in 76 ml. of H20 and 600 ml. of absolute ethanol) un- 
der ni t rogen for  2 hr. The saponification mixture  was 
processed as usual and gave 50.6 g. of acid. The f a t t y  
acids were esterified with 1% methanolie sulfuric  
acid. The yield of methyl  esters was 51.6 g. 

Distillation of Esters. The mixed methyl  esters were 
distilled through a Podbielniak Model 4278 spinning- 
band column. Fract ions  1-11 were distilled at 10 ram. 
pressure and fract ion 12 was distilled at  9 ram. pres- 
sure (Tables I and I I ) .  Selected higher boiling frac- 
tions were analyzed by GLC as described by Miwa 
and coworkers (8).  The inf ra red  spectra of the se- 
lected fract ions and of the original oil showed no 
trans C=C absorpt ion (10.3 ~). I n f r a r e d  spectra 
were measured as films on sodium chloride plates 
with a Perk in-Elmer  In f r aco rd  spectrophotometer.  

1 This is a l abora tory  of tho Nor thern  Util ization Research a n d  Devel- 
opment Division, Agricultural Research Service, U. S. Depar tment  of 
Agricul ture .  

T A B L E  I 

D i s t i l l a t i o n  of M e t h y l  E s t e r s  of 
L u n e r i a  biennis  Seed  Oil 

F r a c t i o n  

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
] 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

l ) i s t i l l a t i o n  
t e n l p e r a t i l  re ,  
~ ram.  a 

7 2 - 2 6 8  
1 6 8 - 1 8 4  
1 8 4  1 9 4  
1 9 4 - 1 9 8  
1 9 8 - 2 0 2  
2 0 2  2 0 4  
2 0 4 - 2 2 8  
2 2 8 - 2 3 3  
2 2 8 - 2 3 3  ~ 
2 3 3 - 2 3 6  
2 3 8 - 2 4 4  
2 4 0  2 4 3  

W e i g h t ,  g.  

0 . 7 1  
0 , 6 1  
0 , 9 2  
0 . 5 7  
4 . 4 8  
8 . 1 4  
1 . 4 5  
1 . 6 9  
0 . 6 8  

2 0 . 4 9  
5 . 9 4  
1 . 3 3  a 

a F r a c t i o n  12 w a s  d i s t i l l e d  at 9 ram,  
b D i s t i l l a t i o n  w a s  i n t e r r u p t e d  o v e r n i g h t  b e t w e e n  f r a c t i o n s  8 a n d  9. 

Idemification o]' the Cz,,-Mo~loene. FraetioD 11 
(5.9 g.) was saponified by the usual procedure and 
a white solid, m.p. 41--12 ~ was obtained. This solid 
was reerystall ized f rom 65 nil. of acetone at 0 ~ and 
yielded 4.5 g. of white crystals, m.p. 42.0-42.5~ lit. 
values 43.1-43.5 ~ (3) a,~d 42.5-43.0 ~ (4,5). 

Analysis. Calcd. for  C24H4602: Neut.  equiv., 367; 
iodine value, 69.2 (one C=C) .  Found:  Neut. equiv., 
367; iodine value, 70.3. 

A 1.3-g. port ion of this acid was oxidized for 24 hr. 
by the yon Rudloff per iodate-permanganate  proce- 

T A B L E  I I  

F a t t y  A c i d  C o m p o s i t i o n  of L u n a r i a  biennis  S e e d  Oil  a n d  D i s t i l l a t e s  
( A r e a  P e r c e n t a g e  of M e t h y l  E s t e r  P e a k s )  

A( ' id O r i g i n a l  
oil, e/~ ( 2 )  5 

D i s t i l l a t e s ,  5 i  

F r a c t i o n  n u n l b e r  

6 7 l 0  11 12  

ex ecenoic e x a e a n o i c  2 0  2 T e e  1 0 2  0 . . . . . . . . . . . . . . . . . . .  

O c t a d e c a n o i c  0 .4  ...... :::::: "1":3 :::::: :::::: :::::: 
O c t a d e c e n o i c  2 3 . 0  7 6 . 3  8 0 . 4  5 7 . 9  . . . . . . . . . . . . . . . . . .  
O c t a d e c a d i e n o i c  7 .0  1 8 . 7  1 7 , 6  1 0 . 1  . . . . . . . . . . . . . . . . . .  
Oct  a d e c a t r i e n o i c  2 . 0  1 .8  1 .5  0 . 4  . . . . . . . . . . . . . . . . . .  
E i c o s a n o i c  0 . 4  . . . . . . . . . . . .  0 .3  . . . . . . . . . . . . . . . . . .  
E i c o s e n o i c  2 . 0  . . . . . . . . . . . .  1 2 . 0  . . . . . . . . . . . . . . . . . .  
D o c o s e n o i c  4 2 . 0  0 . 6  0 .5  1 8 . 0  9 2 . 0  2 .2  1.2 
T e t r a c o s e n o i c  2 1 . 0  . . . . . . . . . . . . . . . . . .  7 . 6  9 7 . 8  9 8 . 8  

dure (9) using 60% t-butyl  alcohol. Af te r  the prod- 
uct was worked up  in the usual manner,  it yielded 
1.1 g. of a semisolid. This semisolid was steam dis- 
tilled, and 0.35 g. of steam-volatile and 0.80 g. of 
s team nonvolatile acids with a melt ing point  of 112.5- 
113 ~ were obtained af ter  recrystall ization f rom ethyl- 
acetate-petroleum ether 1:1;  lit. values 112.5 ~ (3) and 
114.6-114.8 ~ (10). 

Analysis. Calcd. for C 1 5 H 2 8 0 4 :  Neut. equiv., 136. 
Found:  Neut. equiv., 137. 

Methyl  esters f rom each f ract ion were p repared  by 
using diazomethane and analyzed by gas chromatog- 
raphy.  The composition of each is listed in Table I I I .  

The p-bromophenaeyl  ester of the steam-volatile 
acid was p repared  according to the procedure of 
Shriner  et al. (11). This ester had melt ing point  
63-63.5 ~ undepressed on admix ture  with authentic 
p-bromophenaeyl  pelargonate,  m.p. 63-63.5 ~ ; lit. value 
68 ~ (11). 

The bis-p-bromophenacyl ester of pentadeeanedioie 
acid was p repared  essentially according to the pro- 
cedure of Shr iner  et at. (11) using 0.081 g. of acid 
and 0.207 g. of p-bromophenacyl  bromide with a 2-hr. 
reflux period in 170 1111. of ethanol. The yield was 
0.114 g., m.p. 144-145 ~ This product  was reerystal-  

1 0 4  
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T A B L E  I I I  

Gas Chromatograph ic  Analysis  of NaIO4-KMnO~ 
Oxidized Cr2- and  C24-Monoene Frac t ions  

Acid 

Octanoic ....................................... 
Nonanoic  ...................................... 
Dodecanedioic  .............................. 
Tr ideeanedioic  .............................. 
Te t radecaned io ie  .......................... 
Pen tadecaned io ic  ......................... 

Cue (Frac-  
t ion 10 ) 

En t i r e  oxid. 
m i x t u r e  

C2~ (Frac t ion  11)  

% 

41.0 
0.5 

52.9 

5.6 

Steam- Steam- 
volatile nonvolat i le  

% % 
0.5 ...... 

99.5 { ...... 

...... i 97.4 

lized from acetone and the yield was 0.083 g., m.p. 
145-146 ~ . 

Anal. Calcd. for  C29Has06Br2: Br, 24.9. Found:  
Br, 24.6. 

Pentadecanediamide was prepared essentially ac- 
cording to the procedure of Shriner  et al. (11) using 
0.137 g. of pentadecanedioic acid. A 0.079-g. portion 
of diamide, m.p. 172-173 ~ was obtained af ter  recrys- 
tallization fronl aqueous ethanol; lit. value is 173 ~ 
(12). 

Anal. Caled. for  C15H3oO6N2: C, 66.6; H, 11.2. 
Found:  C, 66.4; H, ]1.0. 

Identification of the C~ Monoene. A 1.2-g. portion 
of fraction 10 was oxidized by yon Rudloff's perio- 
date-permanganate procedure (9) using 60% t-butyl 

alcohol for 24 hr. The product  was worked up as 
usual and yielded 1.3 g. of semisolid acids. A portion 
of these acids was esterified, and their analysis by gas 
chromatography are given in Table I I I .  
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Dialkyl Esters of A1pha-Sulfofatty Acids 
j. j. McBRIDE, JR. and E. J. MILLER, Research Laboratories, Armour 
Industrial Chemical Company, McCook, Illinois 

Lower olefins, especially ethylene and propylene, have 
been found to add to alpha-sulfofatty acids in the presence 
of boron trifiuoride or its etherate to give dialkyl alpha- 
sulfofatty esters. Some of the reaction variables studied 
include catalyst, catalyst concentration, and solvent. The 
esters were obtained as colorless, low melting solids after 
purification by low temperature crystallization. 

U 'NTIL R E C E N T I ~ Y ,  esters of sulfonic acids have 
been available only by the action of sulfonyl 
halides on hydroxy  compounds (1), by re- 

arrangement  of alkyl sulfites (2), or by a metatheti- 
eal reaction of silver sulfonates with alkyl halides (3). 
None of these methods is satisfactory economically for 
the preparat ion of esters of su]fonated f a t ty  acids. 
Recently however the esterification of several aromatic 
and short chain aliphatie sulfonic acids was reported, 
using boron trifluoride and olefins under  pressure (4, 
5). Also, boron trifluoride or its derivatives are use- 
ful catalysts for the esterifieation of earboxylic acids 
with olefins, and a number of simple earboxylate esters 
have been prepared in this way (6).  

In  the present work, reactions of ethylene with 
alpha-sulfofat ty acids for  the preparat ion of diethyl 
alpha-sulfofatty acid esters were run  in a 1-1., stain- 
less steel, s t i r red autoclave, boron trifiuoride being 
used as a catalyst. In general, the boron trifluoride 
was added to the solid alpha-sulfofatty acid and 
ethylene, then charged to the vessel. The reaction 
starts almost immediately and is slightly exothermic. 
The reaction temperature  generally ranged from 35 
to 45~ at 500-700 psig. ethylene pressure. Uptake 

of ethylene usually ceased in 4 to 7 hr. at which time 
the reaction was essentially complete. 

Some of the reaction variables such as catalyst, 
catalyst concentration, and solvent were investigated 
using alpha-sulfopahnitic acid. Table I illustrates 
the effect of catalyst concentration on the extent of 
reaction. I t  can be seen that  a sharp b r e a k  in per 
cent conversion occurs at a catalyst concentration of 
33 mole-%. Concentrations above 33 rnole-% do not 
affect the yield appreciably but  catalyst concentra- 
tions below 33 mole-% result in markedly decreased 
yields. 

The experiments in Table I were run in the ab- 
sence of a solvent. A second series of experiments 
was run  to determine the effect of solvent on the 
reaction. These are summarized in Table I I  which 
shows that  a substantial lowering of yield occurs in 
the presence of solvents. Polymerization of ethylene 
is considerably higher as indicated by  the polymer 
content of the crude ester. 

Other Lewis acid catalysts which might catalyze 
the esterification of alpha-sulfopalmitie acid were 

TABLE I 

Catalyst  Concent ra t ion  

BF3 cone. Conver-  Po lymer  Acid Sa.p. 
R u n  mole-% sion, % % / va lue  equw.  

2 37.5 95.~ ~2.5 r s.1 r 225 
3 34.6 91.5 19.5 [ 2 .6 243 
4 33.3 47.5 18,0 ] 16.8 [ 239 
5 31.0 34.0 / 23.5 ] 2.2 [ 255 
6 20.0 / nil / ...... / ...... ! ...... 


