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Abstract 
Petroselinylamine (cis-6-octadecenylamine) has 

been prepared by an improved process in which 
petroselinic acid in xylene is subjected to am- 
monolysis and treated further to yield the pri- 
mary amine without isolating the intermediate 
products. In addition, the petroselinylamine has 
been reacted with acrylonitrile, followed by reduc- 
tion with metallic sodium and alcohol, to give N- 
substituted petroselinyl-l,3-trimethylenediamine 
adducts, and with ethylene oxide under pressure 
to yield the oxyethylated tertiary amine deriva- 
tives. The crude products in each ease were mix- 
tures of derivatives of various molecular weights. 
It  was possible to isolate the N-petroselinyl-l,3- 
trimethylenediamine in its pure form from the 
crude mixture of hydroehloride salts by repeated 
reerystallizations from aqueous ethanol. The mix- 
ture of petroselinylamine-ethylene oxide deriva- 
tives could not be separated. 

Introduction 

T H E  V O L U M I N O U S  L I T E R A T U R E  published in recent 
years on the preparation and properties of various 

nitrogen-containing derivatives from long-chain fatty 
acids of natural origin demonstrates the continually 
increasing interest in this field. The industrial produc- 
tion of high-molecular-weight amides has probably 
attracted more attention than any other type of long- 
chain aliphatie nitrogen compound because of their 
increasing importance as the most economical source 
of intermediate raw materials for the preparation of 
nitriles, amines, and other derivatives of fatty acids. 
During the past decade the actual and potential use- 
fulness of the fatty amines and their derivatives has 
received wide recognition in the field of surface-active 
agents, corrosion inhibitors, plasticizers, resins, agri- 
cultural chemicals, and antimicrobial agents. 

Because of its versatile character the amino group 
is capable of reacting as a proton aeceptor, electron 
donor, or as a coordination group with a variety of 
functional groups belonging to other compounds. Al- 
though many unique and advantageous characteristics 
also have been attributed to the nature and configura- 
tion of the fatty alkyl chain alone, the amino sub- 
stituent offers a suitable means of producing a nmlti- 
tude of derivatives with additional properties of 
industrial value. Among others, stearyl- and oleyla- 
mines already have been found useful as intermediates 
in the preparation of various oxyethylenc and 3- 
aminopropyl derivatives and have been successfully 
employed in formulations: a) for the treatment of 
textile materials as antistatic, lubricating, fulling, 
and scouring agents (1) ; b) for polishing metals (2) ; 
c) as corrosion inhibitors for lubricating and fuel 
oils or gasoline (3-6);  and d) for the treatment of 
water as antifoam and antieorrosion agents (7,8). 
It has been shown that petroselinic acid and some 
petroselinylamine derivatives possess antimicrobial 

1 Presented at the  A O C S  ~s Cincinnati, October 1965. 
2 So. Uti l iz.  Res .  Dev .  Div . ,  ARS,  U S D A .  

properties which the oleyl and stcaryl derivatives do 
not have (9,10). 

During this study of the chemistry of petroselinic 
acid (cis-6-octadecenoic acid), which is a positional 
isomer of oleie acid (cis-9-oetadecenoie acid) and a 
major fat ty acid constituent of seed oils from plants 
belonging to the Umbelliferae family (11), it became 
of interest to prepare some of its nitrogen-containing 
derivatives and to determine their properties and 
potential industrial utility. 

This paper describes a new method for the prepara- 
tion of petroselinylamine from petroselinic acid, which 
offers higher yields of the final as well as the inter- 
mediate products, in a shorter time and with less 
effort than the previous procedure (12). It  can be 
terminated at any appropriate time to obtain any of 
the intermediate products, or it can be extended to 
permit any number of subsequent reactions for further 
modification of the primary amine without isolating 
the intermediate products in their pure form. The 
cyanoethylation and oxyethylation of petroselinyla- 
mine are only examples to illustrate the suitability of 
this method for other purposes. The process could 
also be easily adopted for use with other fat ty acids 
as starting materials or with different reagents to 
produce nitrogen-containing derivatives which are 
more complex and difficult to prepare by other means. 

Experimental Section 
starting Materials 

Petroselinie acid was prepared from parsley seed 
oil by the procedure of Fore et al. (13). The product 
obtained from the first crystallization of the mixed 
fatty acids in 90% ethanol at -20C, which melted at 
28.0-29.5C and consisted of about 96% pure petro- 
selinic acid, was used as a starting material in the 
present work. 

Anhydrous ammonia, ethylene oxide, and practical- 
grade acrylonitrile of commercial origin were used 
without further purification. 

Analytical Procedures 
The elemental analyses of the hydroehloride salts 

of petroselinylamine and N-petroselinyl-l,3-trimcti~y- 
lenediamine were performed by the Midwest Microlab 
Inc., Indianapolis, Ind., and those of the petroselinyla- 
mine-ethylene oxide adduet, as well as its molecular 
weight, were determined by the Galbraith Laboratories 
Inc., Knoxville, Tenn. 

The iodine values were determined by a modified 
Wijs method, designed for use with high-molecular- 
weight fat ty nitrogen derivatives (14). Although the 
hydrogenation method gave iodine values for the 
hydroehloride salt of petroselinylamine-ethylene oxide 
adduct which closely agreed with those determined by 
the modified Wijs method, the hydrogen-iodine values 
for the compounds which contained primary amine 
groups were very inconsistent. 

The amine values were determined potentiometri- 
cally by Methods No. Nb 1-62 and Nb 3-62, described 
in the "Official and Tentative Methods of the American 

431 



432 THE JOURNAL OF THE AMERICAN OIL CHEMISTS' SOCIETY u 44 

Oil Chemists' Society," 2nd edition, including addi- 
tions and revisions to 1962. 

The neutra l  equivalents were obtained by potentio- 
metric t i trat ion.  

Preparation of Petroselinylamine from Petroselinic Acid 

A 3-necked, 500-ml round-bottom flask was equipped 
with a thermometer ,  a gas-dispersion tube with a 
fr i t ted-glass cylinder, and a 40-ml Dean-Stark  t rap  
with a condenser, through which cold water  was 
circulated throughout  the reaction. The flask was 
charged with 200 g (0.68 mole) of petroselinie acid, 
I g of Ionol ant ioxidant  (Shell Chemical Corporation 
b rand  name for  2,6-di-tert-butyl-4-methyl phenol, bp 
257-266C), and 50 ml of xylene. A rapid  s t ream of 
anhydrous ammonia was bubbled through the solution 
while its t empera ture  was slowly increased f rom 
ambient  to reflux over a period of about 1 hr. Heat ing  
was continued, and the solution was maintained at  
reflux for another  4 hr. 

As more of the solvent distilled out, the reflux 
tempera ture  of the reaction mixture  gradual ly  rose 
f rom 150 to 180C when the Dean-Stark  t rap  was full. 
The water  produced dur ing dehydrat ion of the am- 
monium salt and petroselinamide was swept out with 
the distilling xylene, collected, and periodically 
drained off f rom the t rap.  The amount  of water  
served as an aid in est imating the extent of the reac- 
tion and in regulat ing the reflux tempera ture  at which 
the dehydrat ion process was most efficient. Dur ing  
the last hour of the reaction 10 g of P205 (representing 
50-100% excess over the amount  theoretically needed 
for  the amide present  at this point, as estimated by 
inf rared  spectroscopy) were carefully added to the 
reaction medium and its t empera ture  was gradual ly  
increased to 230C in order to hasten the dehydrat ion 
of petroselinamide and to ensure a more complete 
conversion to petroselinonitrile. The reaction mixture  
was allowed to cool to about 120C and was diluted 
with 400 ml of fresh hot xylene. The dehydra t ing  
agent  was then filtered off and washed with the addi- 
tion of 100 mI of hot xylene. 

The cooled xylene solution of petroselinonitrile was 
mixed with 200 ml of n-butyl  alcohol in a dropping  
funnel, then was slowly added over a period of 1 hr  
to a mechanically st irred mixture  of 60 g (2.6 moles) 
of metallic sodium which was dispersed in 750 ml of 
xylene at  100C. Next 100 ml of n-butyl  alcohol were 
added through the dropping  funnel while s t i r r ing was 
continued and the t empera ture  was maintained at 
100C for another  hour. Heat ing  was then discon- 
tinued. The mixture  was allowed to cool to room 
temperature ,  and 750 ml of water, followed by 750 ml 
of 25% aqueous hydrochloric acid, were cautiously 
added. Most of the xylene, butanol, and water  were 
distilled off; the residue was made alkaline with 25% 
aqueous sodium hydroxide and extracted with xylene 
or ether, depending on the intended fu ture  use of 
the product.  

At  this stage the petroselinylamine can be obtained 
in 75-78% yields, based on petroselinie acid; the 
quant i ty  isolated f rom the xylene extract  was slightly 
higher than  f rom the ether extract. I f  the petro- 
selinylamine is not needed in its pures t  form or if  
it is to be subjected to fur ther  modification in the 
near  future,  the removal of such by-products  as the 
excess butanol  and its sodium salt can be effeeted 
sufficiently by  washing of the cooled xylene solution 
with water. 

I n f r a r ed  analyses indicated that  the crude product  
obtained f rom the reduction of petroselinonitrile was 

essentially the p r ima ry  cis-6-oetadecenylamine, con- 
taining only traces of the unreaeted nitrile. The iodine 
and amine values were close to those calculated f rom 
theory. The petroselinylamine was stored at - 2 0 C  
in xylene at a concentration of 250 g/ l i te r  and re- 
mained sufficiently pure  that  it could be used for 
about one month. However  inf rared  spectra and 
amine values disclosed tha t  the p r ima ry  amine was 
not stable under  these conditions and that  it was 
gradual ly  t ransformed into its secondary and te r t ia ry  
amine derivatives unless it was stored in the form 
of its hydrochloride salt. The following data for 
petroselinylamine standing at room tempera ture  il- 
lustrate this t ransformation.  

Time, 
weeks 

Percentage of Total Amine Value 

Primary Secondary Tertiary 

0 100.0 
1 65.5 27.0 7.5 
2 52.5 38.5 9.0 
3 44.0 46.0 10.0 
4 37.5 52.0 10.5 
8 32.5 56.5 11.0 

26 30.0 58.5 11.5 

The pure petroselinylamine was isolated f rom an 
ethereal solution as a solid hydroehloride salt. The 
ether extract  f rom the above was first washed with 
water  until  free of alkali and dried over anhydrous 
sodium sulfate, then filtered and fur ther  dried over 
fresh pieces of fiinely cut sodium metal. The decanted 
anhydrous ethereal solution of petroselinylamine was 
next sa turated with anhydrous hydroo'en chloride gas 
until  all petroselinylamine hydroehloride was pre- 
cipitated and filtered out. The pure  product,  when 
completely dried under  high vacuum, was a fine white 
crystalline solid, mp 115 116.5C, and was obtained in 
44.1% yields, based on the s tar t ing amount  of petro- 
selinie acid. 

Analytical. Calculated for C~sHasNCI: C, 71.1; H, 
12.6; N, 4.6; C1, 11.7; IV, 83.5; NE, 303.9. Found :  
C, 70.9 ; H, 12.6 ; N, 4.6 ; C1, 11.8 ; IV, 83.1 ; NE, 303.6. 

Preparation of N-Petroselinyl-l,3-Trimethylenediamine 

The same appara tus  used in the prepara t ion  of 
petroselinylamine was now charged with 300 ml of 
the xylene solution that  contained 75 g of petroselinyl- 
amine (0.28 nmle), 45 g of aerylonitri le (0.85 mole), 
and 2 ml of a 5 0 ~  aqueous sodium hydroxide solution. 
Nitrogen was slowly bubbled through the reaction 
mixture  to provide a s t i rr ing for the ingredients and 
an air-free atmosphere surrounding it. The reaction 
tempera ture  was maintained at 85-90C for 1 hr, then 
gradual ly  increased, along with the rate of nitrogen 
sweeping through it, until  the excess aerylonitri le and 
water  were s t r ipped off. The xylene solution was then 
cooled and filtered free of the small amount  of solid 
which had formed dur ing the reaction; fresh xylene 
was added to restore it to the original 300-ml volume. 

The N-cyanoethylpetrosel inylamine in xylene was 
reduced by the same procedure used for the reduction 
of petroselinonitrile, employing 37 g (1.6 moles) of 
sodium in 600 nfl of xylene and a total of 150 nfl of 
n-bUtyl alcohol. Af te r  acidification, most of the 
xylene, butanol, and water  were distilled off; the 
residue was made alkaline with 2 5 ~  aqueous sodium 
hydroxide and extracted with ether. The ethereal 
solution was dried over anhydrous sodium sulfate and 
filtered. The solvent was then evaporated, and the 
product  heated over a steam bath and dried under  
high vacuum. The mater ial  thus obtained was a cream- 
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colored, viscous liquid and weighed 94.8 g. This crude 
product  had NE, 155.7; total AV, 360.3; p r ima ry  
AV, 197.5 ; secondary AV, 131.0 ; te r t ia ry  AV, 31.8. 

These values indicated that  it was a nfixture of 
derivatives containing about 1.2 moles of t r imethyl-  
enediamine per  mole of petroselinylamine with the 
ratio of p r i m a r y  :secondary : ter t iary amine groups 
1.2:0.8:0.2 (6:4:1) .  Analyses of samples which were 
stored at room tempera ture  or at - 2 0 C  indicated al- 
most complete disappearance of the p r i m a ry  anfine 
af ter  two weeks. The evolution of ammonia became 
noticeable af ter  only 24 hr at room temperature.  
However this mixture  of N-substi tuted petroselinyl- 
1,3-trimethylenediamine derivatives could be stored 
at  room tempera ture  unaltered over an indefinite 
period of t ime when converted to the corresponding 
solid hydroehloride salts. 

The hydrochloride salt mixture  was next subjected 
to recrystallizations f rom 50, 75, and 95% aqueous 
ethanol solutions respectively. The shiny white flakes 
obtained f rom the final reerystall ization were 
thoroughly dried in a desiccator over concentrated 
sulfuric acid under  high vaeumn. This product  was 
the pure  N-petrosel inyl- l ,3-tr imethylenediamine dihy- 
drochloride whiclh showed first signs of decomposition 
at 205C and completely melted at 215C. The yield 
amounted to about 50% of the crude product  or about 
30%, when based on the original amount  of petro- 
selinie acid used in the reaction. 

Analytical. Calculated for C21H4aN._,CI,: C, 63.4; 
H, 11.7; N, 7.1; CI, 17.8; IV, 63.8; total AV, 282.3; 
p r ima ry  or secondary AV, 141.1; NE, 198.8. Found :  
C, 63.5; H, 11.6; N, 7.2; C1, 17.9; IV, 63.6; Total  
AV, 282.5 ; p r i m a r y  AV, 140.7 ; secondary AV, 141.8 ; 
NE, 198.0. 

P r e p a r a t i o n  of  P e t r o s e l i n y l a m i n e - ~ . t h y l e n e  Oxide  A d d u c t  

A 500-ml pressure bottle was charged with 50 g of 
petroselinylamine hydrochloride, 200 ml of bis(2- 
methoxyethyl)  ether solvent, and a solution of 8 g of 
sodium hydroxide in 20 ml of water. The pressure 
bottle was equipped with a fritted-glass, gas- 
dispersion tube and an outlet tube leading to a t rap  
and mercury  manometer.  The reaction solution was 
magnetical ly stirred, and the entire system was 
thoroughly flushed with nitrogen before ethylene 
oxide was introduced. The mixture was heated on an 
oil-bath and the addition of ethylene oxide so regulated 
that  the pressure in the reaction flask and on the 
manometer  would not exceed 760 mm above the 
atmospheric pressure. When the t empera ture  of the 
reaction solution reached about 150C, a noticeable 
absorption of ethylene oxide was observed by a drop 
of pressure in the reaction system, and the tempera-  
ture continued to rise to 170C even af ter  heating of 
the solution was discontinued. The addition of ethyl- 
erie oxide was continued for 2 hr while the pressure 
in the reaction system was maintained between 600 
and 760 mm pressure above the atmospheric and while 
the t empera ture  of the solution remained between 170 
and 150C. 

When the reaction mixture  cooled to room tempera-  
ture, it was again thoroughly flushed with nitrogen, 
then filtered under  vacuum to remove the turb id i ty  
and the small amount  of solid which had formed dur- 
ing the reaction. The solvent was removed by distilla- 
tion under  reduced pressure, and the semi-solid 
product  was dried in a ro ta ry  evaporator  on an oil- 
bath at 200C under  high vacuum. The crude product,  
which was very hygroscopic, weighed 77.5 g, and 
analyses indicated tha t  it contained an average of 4.5 
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moles of ethylene oxide per mole of petroselinylamine 
and tha t  only te r t ia ry  amine groups were present. 
I n f r a r ed  spectra also disclosed a small amount  of 
amide-carbonyl absorption. Since all a t tempts  to 
produce a solid hydrochloride salt were unsuccessful, 
the crude hydroehloride salt of the oxyethylated petro- 
selinylamine product,  dissolved in ether, was shaken 
in a separa tory  funnel  with portions of 50, 75, and 
95% aqueous ethanol respectively. 

Analyses of the small amounts of material ,  isolated 
f rom the lower aqueous layers, indicated that  the 
progressively less aqueous portions of ethanol removed 
fractions of the ethylene oxide-petroselinylamine hy- 
drochloride derivatives which contained progressively 
smaller ratios of ethylene oxide to the petroselinyla- 
in!no. Their  average neutral  equivalents were 616, 
578, and 535 f rom the 50%, 75%, and 95% aqueous 
ethanol portions respectively. F rom the remaining 
ether portion was isolated a thick pas ty  material ,  
light brown in color, which liquefied at  about 140C. 
This product  was also very hygroscopic and required 
exhaustive dry ing  under  high vacuum in a desiccator 
over concentrated sulfuric acid and hot oil-bath be- 
fore it was subjected to each analytical  procedure. 

Analytical. Calculated for R -  NH2(CH2CH20)~+,  
HC1, where R is ClsH3~: 
R -- NH.~ MW 

(CH~CH~O)~.y %C %1{ %N %0 %OH %Ci or IV 
HC1 NE 

x+?- = 2 67.4 11.8 3.6 8.2 8.7 9.0 392 64.7 
x §  66.1 11.6 3.2 11.0 7.8 8.1 436 58.2 
x §  65.0 11.3 2.9 13.3 7.1 7.4 480 52.9 
x + y = 5  64.2 11.2 2.7 15.3 6.5 6.8 524 48.4 
R-- N (CH_~CH_~) ~O 

�9 tIC1 70.6 11.9 3.5 4.3 .... 9.5 374 67.9 

Found :  C, 66.2; H, 11.6; N, 3.3; O, 10.9; OH, 7.6; 
C1, 7.3; MW, 460; NE,  480; IV, 52.4. 

D i s c u s s i o n  

In  the prepara t ion  of long-chain p r ima ry  amines 
the f a t ty  acid is t reated with ammonia and subjected 
to dehydrat ion to form the nitrile, which is then 
reduced to the fa t ty  amine according to the scheme 
outlined in F igure  1. The p r imary  amine can be 
eventually modified fur ther  to produce other N- 
substi tuted derivatives. 

R..t~O .~0 -H=O ,O -H=O 
NH 3 + H ~" R'C~'oNH4 4hre ' R'C'NH = I hr R-C:-N 

IO0-'Oparts/25 ports sylene at reflu= over PrOs 

.H No-I, n-BuOH 
CHi=CH-C=N ~ R - C H I - N -  H ~ in xyleneotloOC 

. ~ .  pett'osetinyklmtne ~0~... In bis (2-methozyelhyl) 
H Ifl xytene [ C~H~--'C H 2 ~  ether 

R-CHfN'~ I H 
CHs-CHs'C~N / HCI ( R-CH 2 N" 

H I " "CHt-CHz-OH j 
N'cyan~176 CH t N ~ HCI / / 0  

Na I in xyten e H ~CH2.2_CH t 
n_-BuOH [ ot IOOC 

H ,CH2"CHt'OH 
R-CHIFN" H R-CH2-N CHt.CHt.O H 

"CHt-CHfCHt-N H 
�9 ~.0\ . / 

N-petrolelinyl-t~ 3-t rtmothylene- ~,CH2 * Cl'lt) i-~, / 
diomine / 

HCI R'CHs-N "(GH='CI'r olsH "CHs'CHt 
~(CH=-CH=-O)yH R-CHt" N"CH2" c ~ O  

"" 1 L R-CHe-N �9 HCI H HCI HCI 
CHe-CHt-GHt-N. HC! H / (CH2-CH2-O)xH /CHz-CH2 

R-CHfN, HCI R-CHs-N:HCI ~ 0  
(A.) "-.(CHs - CHll_O)y H "~CHt. CH t 

(e.) (cJ 
R �9 ci=-CH3(CH=)mCH'CH(CHt)4" 
x+y  is between 2ond 5 

FIG. 1. Preparation of petroselinylamine and its derivatives 
from petroselinic acid in xylene. 
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The formation of amides from ammonium salts and 
carboxylic acids and their subsequent dehydration to 
nitriles are a reversible process. The rate of trans- 
formation and the final position of the equilibrium are 
partly influenced by the nature of the fatty acid but 
are mostly dependent on the conditions under which 
the ammonolysis-dehydration reactions are carried out. 
High temperatures and an efficient means of removing 
the water of dehydration from the reaction mixture 
are usually required in order to minimize the re- 
versibility of the reaction. 

In the present process the use of xylene eliminates 
the high reaction and distillation temperatures dur- 
ing which formation of various by-products can occur 
because of polymerization and cracking. The amount 
of xylene employed is sufficient to be effective as a 
solvent for the solid ammonium salt and the petro- 
selinamide intermediates. Consequently it prevents 
the frequent clogging of the fritted-glass tube, through 
which ammonia is introduced into the melted petro- 
selinic acid, and the depositing of the solid inter- 
mediates swept up by the fast stream of ammonia into 
the condenser when xylene is not used. Xylene also 
functions as an aid in the dehydration process by 
forcing the equilibrium to the right since the water 
formed during the reaction is distilled off as an 
azeotrope with xylene and condensed into the Dean- 
Stark trap. The water collected in the trap is not 
only a convenient means for estimating the extent 
of the reaction, but it also can be partially drained off 
to control the quantity of xylene distilled out and 
aid in regulating the reaction temperature at which 
the dehydration process is most efficient. 

Infrared analyses of samples taken each hour dur- 
ing the reaction indicate that the petroselinie acid in 
xylene is converted to its ammonium salt within the 
first hour, even before the solution begins to reflux. 
When heating is continued for 3 hr more, the reflux 
temperature of the reaction mixture gradually rises 
as the xylene content is reduced and as the ammonium 
salt is dehydrated to petroselinamide. 

Figure 2 illustrates the infrared spectrum in CCl~ 
of a sample taken from the product after reacting 
petroselinic acid with ammonia for only 4 hr in the 
presence of xylene and at temperatures not exceeding 
180C. From measurements of the absorption peaks 
characteristic of the amide group (the NH stretching 
frequencies at 2.87 u and 2.99 u, the amide C = 0 
absorption at 6.05 ~, and the primary amide NH2 
deformation at 6.35 ~), it is estimated (12) that the 
petroselinamide is present in the product in essentially 
quantitative yield at this time. 

The infrared curve shows no evidence of bands in 
the region where the earbonyl groups of carboxylic 
acids or its ammonium salts should absorb (5.8-5.9 tL). 

GM-t 

4000 5000 2000 15OO IOOO 
O.O i ' i ' l ' " ' i 1 ' u i lU '  ' I l l l ' l  ' ~ '  i I [ ' I 1 [ u I 1 ] l l l r I 1 , 1  
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Fro. 2. I n f r a r e d  spec t rum of pe t rose l inamide .  
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FIG. 3. In f ra red  spectrum of petroselinonitri le. 

The absence of peaks at 10.35 /~ (trans ethylenic CH 
deformation) and at 4.5 ~ (C ~ N stretching) indi- 
cates that, under the condition of this method, no 
isomerization of the cis double bond to the trans 
configuration takes place and that, at this point of 
the process, there has been no noticeable formation 
of the petroselinonitrile. Yields of similar fatty acid 
amides have been reported up to 90% by a laboratory 
method which requires the preparation of the acid 
chloride by a separate step prior to its reaction with 
ammonia (15). 

Apparently the dehydration of petroselinamide to 
the nitrile takes place at temperatures above 200C 
and at a very slow rate. This would prevent the use 
of any appreciable amount of xylene to facilitate 
removal of the water formed during dehydration of 
the amide and would allow the production of un- 
desirable by-products caused by high temperatures. 
However the yields and purity of the petroselinonitrile 
are greatly improved and dehydration of the amide 
is hastened by the addition of small amounts of 
P20~. A1203 was also tried for this purpose but was 
much less effective. The infrared curve reproduced in 
Figure 3 shows the good quality of the crude petro- 
selinonitrile obtained in this way. There are no 
absorption bands which would suggest the presence 
of the trans isomer or any appreciable amounts of the 
unreacted amide. The product is anhydrous, pure 
enough, and already in a solution of xylene so that 
it can be subjected to reduction to the primary amine 
with metallic sodium and alcohol immediately after 
the dehydrating agent has been filtered off. 

The authors have chosen the method employing 
sodium and alcohol for reduction of the nitrile groups 
in petroselinonitrile and the N-eyanoethylpetroselinyl- 
amine in order to prepare the corresponding primary 
amines with the best possible yields. Catalytic hy- 
drogenation of petroselinonitrile was investigated, by 
employing various catalyst and solvent systems as 
described in an earlier publication (12), but no 
satisfactory conditions could be found which would 
produce the primary amine without partially reducing 
the ethylenic bond of the petroselinic moiety or with- 
out also producing some secondary and tertiary amine 
derivatives which were difficult to separate from the 
resulting mixture. 

Both petroselinylamine and N-petroselinyl-l,3- 
trimethylenediamine show signs of decomposition soon 
after their preparation even when they are stored at 
-20C as solids or in a xylene solution. The deteriora- 
tion of these compounds becomes apparent with the 
liberation of ammonia and by the rise in their melting 
points. However both can be stored indefinitely at 
room temperature in the form of their corresponding 
hydrochloride salts. 
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Analyses of the crude product  obtained from the 
reaction of petroseliny]amine with acrylonitrile and 
its subsequent modification to the diamine dihydro- 
chloride salt and analysis of the residue left  af ter  
removal of the major  component indicated that  the 
by-products were higher-molecular-weight, N-sub- 
sti tuted petroselinyl-l ,3-trimethylenediamine deriva- 
tives which contained mostly secondary amine groups. 
The ter t iary  amine derivatives were in the minority. 
This leads to a belief that, under the basic conditions 
of the reaction, the resulting by-products included 
compounds with structures such as those shown in 
Figure  4. However about 50% of the crude mixture 
was the principal product,  N-petroselinyl-l,3-tri- 
methylenediamine, which was isolated pure in the 
form of its solid hydrochloride salt, as illustrated in 
Figure  1 by structure A. 

Although no single compound could be isolated 
in its pure form, from the reaction of petroselinyl- 
amine with ethylene oxide it was evident, from 
analyses of the crude product,  its hydrochloride salt, 
and the material separated during its t reatment  with 
aqueous ethanol, that  the oxyethylated product  ob- 
tained was a mixture of compounds having structures 
such as B and C (Figure 1) ; the number of oxyethyl- 
erie groups ranged between 2 and 5 per mole of 
petroselinylamine. The intermediate secondary amine, 
N-petroselinyl-2-hydroxyethylamine, or its polyoxy- 
ethylated derivative could not be detected at any time 
during the reaction. 

I t  has been shown by other investigators (1,2,16,17) 
that,  under  similar conditions, ethylene oxide adds to 
pr imary  and secondary fa t ty  amines to give ter t iary  
amines which are mixtures of adducts with composi- 
tion similar to those reported in this paper  and which 
are exceedingly difficult to separate into their pure 
components. Because of its hygroscopic nature the 
product  must be subjected to drastic drying conditions 
prior  to each analysis. This seems to result in the 
splitting off of one nmle of water from the component 
with two moles of ethylene oxide per mole of petro- 
selinylamine. The presence and formation of the 
substituted morpholine structure C (Figure 1) in an 
increasingly higher proport ion after  each subsequent 
drying t reatment  and analysis were shown by the 

decreasing oxygen and hydroxyl  content of the 
mixture. 

The 1,3-trimethylenediamines and the ethylene oxide 
derivatives of a number of fa t ty  amines are com- 
mercially available, and it has been suggested that  
these derivatives prepared from unsaturated fa t ty  
acids are superior as corrosion inhibitors, when added 
to lubricating oils, to the corresponding derivatives 
from saturated fa t ty  acids (17-19). Limited evalua- 
tions of the petroselinylamine and its N-substituted 
derivatives by Armour  and Company disclosed that  
they are comparable as corrosion inhibitors to their 
isomeric oleylamine derivatives (20). The hydro- 
chlorides of these amines also exhibited antimycotic 
activity against various types of micro-organisms (21). 

I t  may be concluded that  the new process em- 
ploying xylene throughout  its course is capable of 
producing nitrogen-containing derivatives from petro- 
selinie acid in better yields than other methods because 
it eliminates losses with each isolation and purification 
procedure of the individual intermediates. The time 
necessary for the conversion of petroselinie acid to its 
nitrile has been shortened from some 20 hr, required 
by the previous method, to about 5 hr. Also the pur i ty  
of the petroselinonitrile and the intermediate amide 
is higher than when xylene was not used, and higher 
temperatures over longer periods of time were neces- 
sary for the conversion. 

The process can be terminated at any appropriate  
time to obtain the individual intermediates, or it can 
be continued to produce the N-substituted derivatives 
of petroselinylamine without removing the inter- 
mediates from the xylene solution, reserving the last 
step for isolation and purification of the final 
products. 
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