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Abstract  
trans-10-trans-12-Octadeeadienoie acid was 

found to be a component of the glyceride oil of 
the seeds of Chilopsis linearis (Car . )  Sweet. I t  
was isolated by fract ional  crystall ization of the 
acids at ]ow temperatures .  Identification was 
made by absorption spectra, by the adduct  with 
maleie anhydride,  and by identification of degra- 
dative products. 

The conjugated triene of the oil was also iso- 
lated and identified as trans-9-trans-ll-cisd3- 
oetadeeatrienoic acid. In  two samples of seed, the 
diene acid constituted about 9% of the oil and 
the triene acid 18% and 25%. 

Introduction 

A L T I t O U G t t  L I N O L E I C  ACID i s  almost a universal  
component of seed oils, no other isomer of octa- 

decadienoie acid has been identified in such oils unti l  
now. Indications of non-conjugated isomers have been 
observed from time to time. Strong evidence of their  
occurrence was obtained by Sreenivasan et al., who 
examined linoleie acid concentrates f rom seed oils, 
but  the isomeric acids were not isolated or charac- 
terized (10). 

There have been fewer indications of conjugated 
isomers of linoleie acid in nature.  This is surpr is ing 
in view of the fa i r ly  common occurrence of conjugated 
isomers of linolenic acid. However, Markman and 
Bodnya reported spectral  evidence of a conjugated 
diene substance in the oil of Catalpa bignonioides (2). 
Ear le  e t a ] .  found similar evidence for  conjugated 
diene in the oil of Chilopsis linearis but  not in 
Catalpa big.nonioides (3). 

Sixteen species of Bignoniaeeae, including the two 
mentioned above, were examined dur ing our studies 
of conjugated trienoic acids (4,5,6). Six of these 
species had a conjugated trienoie acid but only 
Chilopsis linearis had indisputable ultraviolet  absorp- 
tion at 233 mt~, indicative of a conjugated diene. 
Efforts to isolate this component were successful and 
it was identified as trans-lO-trans-12-oetadeeadienoie 
acid. A pre l iminary  repor t  of the work has been 
made (7).  

Procedure  
Isolation and Identification 

The mixed f a t t y  acids of Chilopsis linearis oil were 
crystallized f ract ional ly  f rom acetone at low tempera-  
tures to separate  the conjugated diene f rom the 
conjugated triene. Fract ions rich in the diene were 
crystallized repeatedly f rom pentane to remove satu- 
ra ted acids and other congeners; the pure acid 
melted at 55.5-56.0C. I ts  absorption in the ul t ra-  
violet, )tm~x 232 m~, denoted a conjugated diene struc- 
ture. The inf rared  spectrum had a single very  strong 
peak at 985 cm -1 in the region of conjugated un- 
saturation,  showing that  the configuration is trans, 
trans. 

Hydrogenat ion  gave stearie acid, proving that  the 
substance is a straight-chain, Cls acid. Oxidative 
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spli t t ing gave hexanoic and sebacic acids, thus fixing 
the double bond s t ructure  as A 1~ The acid is, 
therefore, trans-lO-trans-12-octadecadienoic acid. I t  
formed adducts readily by  the Diels-Aldcr reaction 
with maleie anhydr ide  and with tetracyanoethylene,  
confirming the trans,trans configuration. The melt- 
ing point of the maleic anhydr ide  adduct  was not 
changed by mixing it with an authentic sample of 
the same adduct  f rom another  source. 

The most soluble port ion of the original mixed 
acids yielded a conjugated triene on recrystalliza- 
tion. I t  proved to be trans-9-trans-ll-cis-13-octadeea- 
trienoie acid, previously known to occur only in the 
oils of Catalpa ovata (4) and Catalpa speciosa (6). 
The pure  acid melted at 31-32C. I ts  ul traviolet  and 
inf rared  spectra indicated a conjugated grouping of 
two trans and one cis double bond. Stereomutat ion 
to the all-trans form gave fl-eleostearic acid, showing 
that  the acid is a straight-chain, octadecatrienoic 
acid and that the t r iene grouping is 9,11,13. This was 
confirmed by oxidative spl i t t ing of the original acid 
and identification of the products  as valeric and 
azelaic acids. Ready format ion of an adduet  of the 
acid with maleie anhydr ide  showd tha t  the two trans 
bonds were adjacent  to each other. The adduct  was 
identical (mp and mixed mp)  with the adduet  pre- 
viously prepared  f rom the Catalpa tr iene (4) and 
hence the Chilopsis tr iene must  also be trans-9-trans- 
11,cis-13-octadeeatrienoie acid. The non-identi ty of 
this acid and o-eleostearie acid was apparen t  f rom 
the melting points of the acids and their  adduets. 

Experimental 
Ultraviolet  spectra were determined in cyclohexane 

solution with a Beckman DU spectrophotometer.  In-  
f ra red  spectra were determined in carbon disulfide 
in a Perkin  Elmer  model 21 spectrophotometer  with 
sodium chloride prism. Melting points were de- 
termined in capi l lary tubes and are corrected. Petro-  
leum ether refers  to the fract ion of bp 30-60C. 

Chilopsis Seed Oil 
Seed of Chilopsis linearis (Cav.) Sweet was ob- 

tained f rom a reliable commercial source. I t  was 
ground and extracted at room tempera ture  by st i rr ing 
with petroleum ether. The solvent was removed at 
25-30C under  nitrogen. The oil had peroxide value 
4.4; ul traviolet  spectrum: )tm~x 233, 263, 272, 283 m~, 

1% 1% 
absorp t iv i ty  E1 em 116 at 233 m~; E~ em 315 at 272 m~, 
equivalent to about 17.8% of conjugated trienoie 
acid (Fig.  1). 

The proport ion of the absorpt ivi ty  at 233 m~ 
due to the content of conjugated triene was calculated 
f rom the absorption curve for  pure  trienoie acid to 

-~1% be ~1 em 23. Hence the net absorpt ivi ty  due to the 
diene was 116 -- 23 = 93, equivalent to 8.5% of conju- 
gated dienoie acid, employing the faetor  0.091 (8). 
The absorptive characterist ics of the total  mixed 
acids, freed f rom unsaponifiable matter ,  were almost 
the same as those of the oil. The oil f rom a second 
sample of seed had corrected absorpt ivi ty  102 at 
233 m~, equivalent to 9.3% of conjugated diene, and 
453 at 272 m~, equivalent to 25.6% of conjugated 
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triene. This oil was treated with dilute alkali ~.o 
remorse the free fat ty  acids. Ultraviolet absorption 
analysis of the neutral oil then showed conjugated 
diene, 9.4%, and conjugated triene, 25.9%. The in- 
frared spectrum of the oil had maxima at 960 and 
986 cm -~ (conjugated unsaturation) but none in the 
hydroxyl region, 3300-3600 cm -~. 

Isolation of trans-10-trans-12-octadecadienoic acid 

The oil (26 g) from the first sample of seed was 
hydrolyzed by refluxing it for 30 rain with 5% 
ethanolie potassium hydroxide under nitrogen. The 
nnsaponifiable matter was removed by extraction with 
petroleum ether. The soap solution was acidified and 
the mixed fat ty  acids were collected in petroleum 
ether and recovered by evaporation of the solvent 
under nitrogen at room temperature and reduced 
pressure. The acids (24 g) were dissolved in acetone 
(225 ml) and the solution was cooled stepwise to 
-10C a n d - 4 0 C .  Fa t ty  acid crystals were filtered 
off at each stage. 

Fraction F~, taken at -10C (1.1 g), contained a 
little diene but F2, taken at -40C (7.0 g), had 23.5% 
of conjugated diene, determined by ultraviolet absorp- 
tion and calculated as (;18 acid. The filtra.te (Fa) 
contained most of the triene acid. Fraction F ,  was 
dissolved in acetone (63 ml) and cooled to -12(; .  
Crystalline fat ty acids were filtered off (fraction F2~, 
2.6 g, 47.6% conjugated diene). This fraction was 
crystallized 4 times from pentane, giving nearly pure 
dienoic acid (0.2 g), mp 55-56C. 

The filtrate from fraction_ Fs~ was eooied to -30-C, 
giving 2.2 g of crystals (F22) which contained 14.4% 
of conjugated diene. This product was crystallized 
4 times from pentane, lit gave the pure dienoie acid 

�9 _ . . ~  1 ~/,: (0.08 g), mp 05.5-56 0C, ,'~l r 11.69 at. 232 mt~ ,m,~ 
985 (VS). Jackson (9) reports mp 55.5C. Other 
workers report raps up to 57C. The absorptivity has 
been given as 1137 (10) and .1.150-1170 (11). 

Hydrogeaatioa and Oxidative SpiRting 

The diene (0.1 g) was hydrogenated in methanol 
with Adams catalyst and crystallized from methan.ol, 
giving stearic acid, mp and mixed mp 69.0-69.5C. 

Oxidative splitting ()f the acid (0.14 g) by per- 
manga~ate-periodate (] 2) was carried out. The acidic 
products were recovered and esterfied by our usual 
procedure (13). The resulting methyl esters were 
examined by gas chromatography. I~arge peaks corres- 
ponding to hexanoate and sebacate were observed. 
There were no other peaks. 

Adducts with Maleic Anhydride and Tetracyanoethylene 

A fraction (0.35 g) of the crystallized fa t ty  acids 
of the oil, containing 67% of conjugated diene, was 
refluxed in benzene for 6 hr with a slight excess 
of maleie anhydride. The solvent was evaporated 
and the product was washed with petroleum ether 
and with water. After two crystallizations from 
petroleum ether:ethyl ether (4:1), it gave the pure 
adduct, 3- 8'- earboxyoctyl-6-pentyleyelohexene-4,5_di- 
earboxylie acid anhydride, mp and mixed mp 102.5- 
.103.0C. yon Mikusch gives mp 102C (16). 

A~~a[. C.aled. for C.-,~Ita~O~. C, 69.8; ]I, 9.05. 
Found: C, 69.5; H, 9.09. This substance has ap- 
parently not been characterized previo~lsly by ele- 
~nental. analysis. 

The adduet (0.18 g) was hydrogenated in methanol 
with Adams catalyst and the product was crystal- 
lized from methanol, giving 3-8'-earboxyoctyl-6-pen- 
tyleyclohexane-l,2-dicarboxylie anhydride, mp 81.5- 
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]?m. 1. Ultraviolet a.bsorption spectra. A. Chilopsis oil. 
B. trans-10-trans-12-oetadecaclienoic add isolated ~rom the oil. 

82.0C. 
A,nal. Caled. for C2~tt3<()~: C, 69.4; H, 9.5,.4. 

Found: C, 69.2; H, 9.40. 
A fraction of the mixed fat ty  acids containing 

0.3 g of conjugated diene was mixed with 0.2 g of 
tetraeyanoethylene in 10 ml of benzene and allowed 
to stand for 1:V1 hr (4). After removal of the solvent 
under reduced pressure, the residue was washed with 
petroleum ether and crystallized three times at 0C 
from petroleum ether:ethyl ether (4:1). The prod- 
uct, 3-8'-(,.arboxyoctyl-4,4,5,5-tetracyano-6-pentyleyclo- 
hexene, formed white crystals, mp 75.5-76.5C. 

A.~.~a.l. Cal(',d for (,~4[ta~N4_)~ N, 13.7 F~)und N, 
13.9. 

Identification of the Triene 
The filtrate (F:~) from the.- main portion of con- 

jugated dienoie acid was cooled to -55C.  It deposited 
7.1 g of acids which contained 33% of conjugated 
triene as determined by ultraviolet absorption. The 
mixture was r from pentane at -25C,  
yielding 1.2 g of solid acid containing 76% of con- 
in.gated triene. Two further crystallizations from 
pentane gave the pure acid, rap 31-32C; X~a~ 262, 
272, 283 m~; Ymax 986 ~,s, 957 m e m  -1 A portion, 
treated with iodine in pentane, deposited crystals of 
fi-eleostearie acid, mp 68.5-69.5C. The mp was un- 
r i~.1 admixture with an authentic sample. 

A second portion of the. acid was converted to its 
adduct with mal eic anhydride (4). The product 
melted at 73.0-73.5C, alone and mixed with the cor- 
responding adduet of trans-9,lrans-11, cis-13-octadeca- 
trienoie acid, prepared from. the acid of Catalpa ovata 
seed oil (4). 

A third portion of t.he acid was subjected to oxida- 
tive splitting by permauganate-periodate (12) and 
the products were esterified (13) and examined by 
gas chromatography. Large peaks corresponding to 
valerate and azelate were obser~'ed. 

D i s c u s s i o n  

Ch.ilopsis li.ne, aris (Car.) Sweet, syn. Bignonia 
liucaris Cav., is a small, flowering tree, native to 
the southern U[Itited States. I t  is grown, for orna- 
ment under the common name. of desert, willow or 
flowering willow. The tree attains a height of 20 ft 
a~d bears long pods containing many winged seeds. 
The seeds occur in long'itudinal pairs with a tuft  
of fibres at each end. 

The ultraviolet speetrmn of the seed oil sh.owed 
a definite peak at 233 m~. The oil of one other species 
had a very small peak at 233 mt~ but the remaining 
14 species of Bignoniaceae that were studied had no 
evidence of conjugated diene in their seed oils. The 
dienoic acid must therefore be relatively uncommon. 
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Removal of the free fat ty acids from the Chilopsis 
oil did not alter the absorbance of the oil at 233 m/~, 
hence the conjugated acid is considered to be a com- 
ponent of the gIyeerides. I t  is also believed that the 
acid exists in the trans,trans form in the oil since 
no change in configuration would be expected under 
the mild conditions employed for its isolation. 

The trans-lO-trans-12-Octadecadienoie acid was 
made in 1942 by von Mikuseh by dehydrating and 
isomerizing the ricinoleic acid of castor oil (15). It 
has also been prepared from alkali-isomerized linoleic 
acid (16). The ultraviolet spectrum of the methyl 
ester, determined by Tolberg and Wheeler (17) is 
similar to the spectrum in Figure 1 and includes the 
inflection at 241-242 mr,. 

A closely-related substance is 9-hydroxy-trans-lO- 
trans-12-octadecadienoie ( dimorphecolic ) acid, found 
by Smith and co-workers in the seed oil of Dimor- 
photheca (Compositae) (18). Although there was no 
evidence of an hydroxy acid in the C hilopsis oil, it 
is possible that such an acid could be an intermediate 
in the biosynthesis of the unsubstituted dienoie acid. 
Occurrence of a reducing enzyme in the seed that 
would convert dimorphecolic acid to the simple 
dienoie acid is likely. The conjugated trienoic acid 
of Chilopsis is probably formed by a separate path- 

way in the plant since its unsaturated grouping is 
~ 9 , 1 1 , 1 3  

A C K N O W L E D G M E N T S  
A sample o~ the maleic anhydr ide  adduet  of the diene acid by J. D. 

yon Mikusch. Advice on botanical  names by N. Y. Sandwith.  Deter- 
minat ion  of in f ra red  spectra by R. Lauzon.  The micro-analyses by 
H. Seguin. 
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Reaction of Acetyl Nitrate with Alcohol Derivatives of 

Fatty Acids A Synthesis of Nitrate Esters * 
D. C. MALINS, J. C. WEKELL, and C. R. HOULE, Bureau of Commercial Fisheries 
Technological Laboratory, Seattle, Washington 

Abstract 
Acetyl nitrate was found to react with fat ty 

alcohols, hydroxy esters, and vieinal glycols to 
give good yields of the correspondi'ng nitrates. 
The reaction was applied to the synthesis of 
n-octadeeyl nitrate, methyl 2-nitrato-octadecano- 
ate, methyl 12-nitrato-octadeeanoate, and 18,19- 
dinitrato-hexatricontane. Alkyl nitrates and ni- 
trato esters were also prepared from alcohols 
derived from commercially available marine oils. 
In addition, the long-chain nitrate derivatives 
were analyzed by infrared spectroscopy and thin- 
layer chromatography (TLC). 

The potential use of nitrate esters for the syn- 
thesis of derivatives is discussed, together with 
their possible effects on human physiology. 

In, troduction 

A NUM:BER OF I~,IETI-IODS have been reported for 
the preparation of short-chain organic nitrates 

(R-O-N02) ,  but the i'nstability of many of these 
compounds and their derivatives has discouraged 
their use in chemical syntheses. Nevertheless, inter- 
est has increased recently in the preparation and 
properties of organic nitrates, and the chemistry of 
these compounds has become an important part  of 

the  field of organic chemistry (2,7,12,13). The use 
of ni'trate esters for the preparation of a wide variety 
of derivatives has recently been reviewed by Bosehan 
et al. (2). 

1 Presented  at the AOCS meeting in Atlanta,  1963. 

It was found in this laboratory that nitrate de- 
rivatives of fat ty acids are relatively stable, even at 
elevated temperatures, and are useful intermediates 
for the preparation of compounds of possible indus- 
trial importance. Despite their potenti'al usefulness, 
however, nitrate derivatives of fat ty acids have re- 
ceived little attention in the literature. 

A previous communication from this laboratory 
reported that acetyl nitrate reacts quantitatively with 
the double bond of methyl oleate to form nitro, acet- 
oxy-nitro, and nitro-nitrate derivatives (9). F u r t h e r  
work with this reagent showed that it reacts under 
similar conditions with fat ty alcohols, hydroxy-esters, 
and vicinal glycols to give good yields of the nitrate 
derivatives. The present paper summarizesthis  work 
and describes a convenient method for the synthesis 
of the following previously unreported long-chain 
nitrates: n-oetadecyl nitrate, methyl 2-nitrato-octa- 
decanoate, methyl 12-nitrato-octadecanoate, and 18,19- 
dinitrato-hexatricontane. The preparation of alkyl 
nitrates and nitrato esters from alcohols obtained 
from commercially available marine oils is also de- 
scribed. In addition, infrared spectroscopy and  TLC 
were found to be desirable complementary methods 
for the analysis of the long-chain nitrate derivatives 
reported here. 

Experimental 
Infrared Spectroscopy and TLC 

All materials and products were examined by infra- 
red spectroscopy and TLC. Infrared spectra of thin 
films of liquids on sodium chloride plates were ob- 


