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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 * 
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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- 
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tained with a Baird-Atomic inf rared  spectrophotom- 
eter, model NK1. Compounds that  were solid at room 
tempera ture  were exami'ned in the same ins t rmnent  as 
Nujol  nmlls (Table I ) .  Thin layers of Silica Gel G 
were prepared  by previously described methods (10). 
Spots were indicated by 2',7'-diehlorofluoreseein under  
ultraviolet  light, or by charr ing with 50% sulfuric 
acid (11). 

Materials 
Fatty Alcohols. A sample of ~-octadecanol was ob- 

tained f rom a commercial source and was found to be 
95% pure. In  addition, a fraet ion of saturated f a t ty  
alcohols f rom menhaden oil was p repared  f rom me- 
lecularly distilled (4) methyl esters (I.V. 188.4, sap. 
eq. 298.4) by a li thium aluminum hydride reduction 
(5) followed by hydrogenation.  

Hydroxy-Esters. DL-2-hydroxy-octadeeanoie  acid 
and DL-12-hydroxy-octadeeanoie acid, f rom a com- 
mercial source, were obtained in 90-95% pur i ty  af ter  
one crystallization f rom petroleum ether. These com- 
pounds were converted to methyl  esters with metha- 
nol-HC1 and used without fu r ther  purification. Mono- 
hydroxy  acids were synthesized by the procedure of 
Knight  et al. (6) from 95 g of monoenoic f a t ty  acids 
(90%) obtained f rom dogfish (SquaS~s aca~thias) 
lixer oil by previously described methods (8). The 
mono-hydroxy acids (65.5 g) were obtained af ter  two 
crystallizations from petroleum ether. The ester de- 
rivatives (I.V. 1.7, sap. eq. 337.0, 5.4% OIt )  were 
prepared  by esterifieation with methanol-HC1. The 
only impur i ty  detected in this fract ion was 5 - 1 0 ~  
unsubst i tuted methyl  esters. 

Vicir~al Glycol. Hexatrieonta-18,19-diol, p repared  by 
previously reported methods (5), was obtained in 9 5 ~  
pur i ty  af ter  one crystallization from 85% ethanol. 

Preparation of Nitrate Derivatives 
~-Oetadecyl Nitrate. The reaction of aeetyl ni trate  

with n-oetadecanol, which is representat ixe of the 
procedure used for the ni t rat ion of the other' alcohol 
derivatives, was conducted as follows: 15.0 ml (0.24 
mole) of colorless nitric acid was added slowly to 210 
ml of acetic anhydride  at 15C. The tempera ture  was 
maintained at 25C by controlling the rate of addition 
of nitric, acid. The )'~-oetadecanol (10.9 g, 0.040 mole), 
dissolved in 75 m] of glacial ac.etie acid, was added to 
the acetyl ni trate  solution at 25(', over a period of 
15 rain. Nit ra t ion was conducted at this t empera ture  
for I hr. Reaeti'on was terminated by pour ing the 

, reaction mixture  into ice water. The ice mixture  was 
then stirred until  hydrolysis of the excess acetic an- 
hydride was complete. The product  was extracted 
with diethyl ether and the ether solntion was washed 
twice with 10% sodimn bicarbonate, and then with 
distilled water  until  neutral .  The organic phase was 
dried over anhydrous sodium sulfate, and the crude 
e~-octadecyl ni t ra te  (12.0 g) a pale yellow, highly 
fluid oi l - -was recovered af ter  evaporation of solvent. 

The unrefined n-oetadecyl ni trate  was found to be 
95% pure  by TLC. Highly  colored constituents and 
other impuri t ies  in the product  were easily removed 
by column chromatography.  The unrefined ,t-oetadecyl 
ni trate  was purified on a column of siliei'e acid (Mal- 
linkrodt, chromatographic  grade) ,  using a 1:10 ratio 
of ni trate  to silicic acid. Elution of the eolmnn with 
petroleum ether (bp 30-60C) yielded 7.9 g of a color- 
less liquid (n"~D = 1.4439). 

Analysis:  Calculated for C~sHaTNOa: C, 68.52; H, 
11.82; N, 4.44. Found :  C, 68.87; H, 11.45; N, 4.32. 
Est imated pur i ty  by TLC: > 9 8 % .  

Alkyl Nitrates from Menhaden Oil. When 30.0 g 
(0.082 mole) of hydrogenated alcohols f rom menhaden 
oil were used as s tar t ing  material ,  mixed alkyl ni trates 
were obtained in high yield. The product  (34.7 g, 
n 2 5 D -  1.4418, d 3~ = 0.902) was a pale yellow oil. 

Analysis :  Calculated:  N, 4.47. Found :  4.12. Esti- 
mated pu r i ty  by TLC:  > 9 5 %  alkyl nitrates.  

Methgl 2-Nitrato-octadeca~wate. Methyl 2-hydroxy- 
oetadecanoate (4.9 e,o" 0.016 mole) was n i t ra ted  using 
the same methods descri'bed for  the prepara t ion  of 
n-oetadecyl nitrate.  Chromatography  of the crude 
product  (5.1 g) on a column of silicie acid, using 
80:20 petroleum ether-diethyl ether as the eluent, 
yielded 4.6 g of purified methyl  2-nitrato-oetadeca- 
noate (n25D = 1.4459). TLC of this f ract ion revealed 
essentially one spot (Fig. 1,7). 

Analysis :  Calculated for C19HaTNOa: N, 3.90. 
Found  : 3.20. 

Reversed-phase par t i t ion chromatography  o~t a sil}- 
conized silieic acid plate (9) indicated that  the low 
nitrogen content of this fract ion was due, in part ,  to 
the presence of unsubst i tuted methyl  esters from the 
s tar t ing material .  Methyl octadeeanoate was not sew 
arable f rom methyl  2-nitrato-o(ttadeeanoate by either 
column chromatography or TLC on si'licic acid (Fig. 
1,9), and the lat ter  derivative decomposed on at- 
tempted distillation. Consequently, because of the 
difficulties involved, no fu r the r  purification of the 
methyl 2-nitrato-oetadeeanoate was undertaken.  

Methyl 12-Nitrato-octadeca.~wate. Nitrat ion of 14.0 
g (0.045 nmle) of methyl  12-hydroxy-octadeeanoate 
yielded 14.4 g of crude product.  When 11.6 g of this 
product  was ehromatographed,  using the conditions 
described for the purification of the 2-nitrate deri~a- 
tire, 10.0 g of methyl  12-nitrato-oetadeeanoate (n~aD 
=- 1.4471) was obtained. 

Analysis :  Calculated for C1.gHarN )~: C, 63.48, It ,  
10.37; N, 3.90. Found :  C, 63.24; II,  10.03; N, 3.62. 
Est imated pur i ty  by TLC : > 9 5 % .  

Nitrate Esters from Dogfish Liver Oil. When 10.0 g 
(0.032 mole) of monohydroxy esters f rom dogfish liver 
oil were used as s tar t ing material ,  mixed ni t ra te  esters 
(10.1 g, ng~D = 1.4470, d ~5 = 0.966) were obtained. 
The product  was a highly fluid yellow oil that  was 
free of unreaeted hydroxy esters. 

Analysis :  Calculated:  N, 3.76. Found :  3.64. Com- 
position by TLC:  90% ni t ra te  esters and 5-10% 
unreaeted saturated methyl  esters from the s tar t ing 
material.  

l S,19-Di~itrato-hexatrico~ta~e. Hexatriconta-18,19- 
diol (3.0 g, 0.0056 mole) was dissolved in 60 ml of 
warm acetic anhydride  (40C). The warm solution 
was then added, over a period of 5 rain, to a solution 
of aeetyl ni trate  maintained at the same temperature .  
The ni trat ion reaetion was allowed to continue for 
30 rain. The (:rude product  (3.2 g) was isolated as 
previously deseribed. 

Chromatography  of 2.9 g of the crude product  
on a eohnnn of si!i'eic acid, using petroleum ether as 
the eluent, yielded 1.0 g of 18,19-dinitrato-hexatricon- 
lane (rap 40-42C). 

"~ s Analysis:  Calculated for  Ca6H72N206: C, 6'8.75; H, 
11.54; N, 4.45. Found :  C, 69.12; H, 11.24; N, 4.24. 
Est imated pur i ty  by TLC:  > 9 5 % .  

D i s c u s s i o n  

Nitrat ions of alcohols with nitric acid in acetic an- 
hydr ide  have been known for many  years. Recent 
work has indicated, however, that  nitric aci'd dis- 
solved in acetic anhydride  is, in itself, a relatively 
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TABLE I 

Infrared Bands in Nitrate Derivatives of Fatty Acids 

Derivatives 

n-Oetadecyl 
nit.rate 

]tlethyl 2-nitrato- 
octadeeanoate 

5Iethyl 12-nitruto- 
octadeaanoate 

18,19-dinitrato- 
hexatricontane 

Asym. 
Str. 

3.14(s) 

3.O8(s) 

3.16(s) 

3.10 (s) 

NO~ Bands (#) 

I NO2 O'N t Out of Sym. 

7.88 (s) 

7.89 (s) 

7.91(s) 11.56(s)[ 13.3(w) 

7.89(sl 11.75(s)1 13.3(w) 

N0e a 
bending 

14.a (m) 

14.4(w) 

14.4 (w) 
14.4-- 
14.5 (w) 

a Probable overtone of O-O-N bending band at 351 cm -~ (3).  

ineffective nitrat ing agent and that the formation of 
acetyl nitrate is essential for successful nitrations 
(1,13). I t  has been reported that the addition of 
nitric acid to acetic anhydride at - ] 0C ,  e.g., results 
in the formation of little or no acetyl nitrate (1). In 
the present work, aeetyl nitrate was prepared at 
room temperature usi~g the conditions recently de- 
scribed by Bordwell and Garbisch (1). This reagent, 
formed under these conditions, was highly effective 
for the direct synthesis of a variety of previously 
unreported nitrate derivatives of fat ty acids. 

Nitrate derivatives of fatty acids may also be pre- 
pared by the reaeti'on of alkyl halides with silver 
nitrate. This method, however, has few advantages 
over the reaction described here since alkyl halides 
are usually prepared by the halogenation of alcohols. 

The nitrate derivatives prepared in this work were 
characterized by a number of well defined bands in 
the infrared. These bands were similar to those found 
in a variety of organic nitrates by Brown (3). By 
virtue of their spectra, nitrate derivatives of fa t ty  
acids may be unambiguously identified, even in com- 
plex mixtures of polar compounds. Bands that are 
characteristic of the nitrate derivatives reported in 
this work are shown in Table I. 

Most crude nitrate derivatives of fat ty acids, owing 
to their weak polarity, were easily separated by TLC 
and column chromatography from more polar starting 
materials and side products. Fa t ty  acid derivatives 
that contained only nitrate substituents were found 
to be slightly more polar than hydrocarbons. Conse- 
quently, n-octadecyl nitrate and 18,19-dinitrato-hexa- 
tricontane were easily purified on silicic acid using 
pure petroleum ether as the eluent. The nitrato esters, 
having greater polarity due to the ester group, were 
purified by using a more polar solvent (Fig. 1). 

I t  should be noted that methyl 2-nitrato-octadeeano- 
ate was inseparable from methyl oetadecanoate by 
TLC (Fig. 1,7). This finding suggests that some fat ty 
acid derivatives that have weakly polar substituents 
on the a-carbon atom may not be separable from the 
unsubstituted compounds by this method. In con- 
trast, methyl 2-nitrato-octadecanoate was completely 
separable from methyl 12-nitrato-oetadecanoate. Frac- 
tionation would be expected to occur therefore in the 
TLC of some mixtures of structural isomers. 

A number of workers have studied the thermal de- 
composition of short-chain nitrates, and the principal 
products were found to be nitrites (2).  The nitrate 
derivatives prepared in this work were stable at room 
temperature. Flash distillation (120-150C/0.1 ram) 
of n-octadecyl nitrate and methyl 12-nitrato-octadeea- 
noate resulted in very little decomposition. Some de- 
composition occurred, however, on attempted distilla- 
tion of methyl 2-nitrato-oetadecanoate, and a slight 
yellow color was apparent when the 18,19-dinitrato- 
hexatrieontane was heated at temperatures above 
100C. 
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Fro .  1. T L C  of  n i t r a t e  d e r i v a t i v e s  on s i l ica  gel  g. I n d i c a t o r :  
5 0 %  s u l f u r i c  acid.  A m o u n t  of  s p o t :  100 % E l u e n t s :  A,  pe t ro -  
l e u m  e t h e r  ( bp  3 0 - 6 0 C ) ;  B, 9 0 : 1 0 : 1  p e t r o l e u m  e t h e r - d i e t h y l  
e t he r - ace t i c  acid.  (1 )  M e t h y l  o c t a d e c a n o a t e ,  (2 )  n -oc tadecy]  
n i t r a t e ,  (3 )  1 8 , 1 9 - d i n i t r a t o - h e x a t r i c o n t a n e ,  ( 4 ) m i x t u r e  of  2 
a n d  3, (5 )  a l k y l  n i t r a t e s  f r o m  m e n h a d e n  oil, ( 6 )  m e t h y l  oeta-  
decanoa t e ,  (7)  m e t h y l  2 - n i t r a t o - o e t a d e c a n o a t e ,  (8)  m e t h y l  12- 
n i t r a t o - o c t a d e e a n o a t e ,  (9 )  m i x t u r e  of  6 a n d  7, (10)  m i x t u r e  of  
7 a n d  8, (11)  n i t r a t o  es te r s  f r o m  dogf ish  l i ve r  oil. 

The physiological effects of short-chain nitrate 
esters have been extensively investigated (2). These 
compounds are known to oxidize�9 hemoglobin to met- 
hemoglobin and depress the muscles in the vascular 
walls causing dilation. Such changes are accompan- 
ied by decreased systolic blood pressure and increased 
pulse and respiration rates. By virtue of these prop- 
erties, amyl nitrate, glycerol dinitrate, and other 
short-chain nitrates have been used widely for the 
control of high blood pressure. Despite the abundance 
of data on short-chain nitrate esters, little or no i'n- 
formation is available on the physiological properties 
or metabolic fate of the long-chain nitrates described 
here. Consequently, the possible biological significance 
of these compounds may be worthy of investigation. 

Organic nitrates are known to undergo a wide vari- 
ety of reactions. The preparation of important de- 
rivatives of nitrate esters via N-nitrati(m, alkylati'on, 
and replacement reactions is described in current 
papers (2,12). I t  was shown recently that nitrate 
esters undergo cleavage reactions with sodium salts 
to form halide, nitrile, thiocyanate, and thiouroni~m 
derivatives (12). Nitrate esters, therefore, provide an 
alternative to the use of sulfonates and alkyl halides 
for the synthesis of these classes of compounds. 

Hydroxy acids may be obtained from various nat- 
ural oils, such as castor oil, and may be readib~ 
prepared from unsaturated oils. Nitrates prepared 
from these hydroxy acid derivatives may have useful 
properties. They would also be expected to undergo 
reactions, such as those described to yield potentially 
useful compounds. 
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