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Abstract

Petroselinylamine (¢is-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-1,3-trimethylenediamine
adducts, and with ethylene oxide under pressure
to yield the oxyethylated tertiary amine deriva-
tives. The erude products in each case were mix-
tures of derivatives of various molecular weights.
It was possible to isolate the N-petroselinyl-1,3-
trimethylenediamine in its pure form from the
crude mixture of hydrochloride salts by repeated
recrystallizations from aqueous ethanol. The mix-
ture of petroselinylamine-ethylene oxide deriva-
tives could not be separated.

Introduction

HE VOLUMINOUS LITERATURE 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
inereasing 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 aliphatic 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 chemiecals, and antimicrobial agents.

Because of its versatile character the amino group
is capable of reacting as a proton acceptor, 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 multi-
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 oxyethylene 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);
¢) as corrosion inhibitors for lubricating and fuel
oils or gasoline (3-6); and d) for the treatment of
water as antifoam and anticorrosion agents (7,8).
It has been shown that petroselinic acid and some
petroselinylamine derivatives possess antimicrobial

1 Presented at the AOCS Meeting, Cincinnati,
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properties which the oleyl and stearyl derivatives do
not have (9,10).

During this study of the chemistry of petroselinic
acid (eis-6-octadecenoic acid), which is a positional
isomer of oleic acid (cis-9-octadecenoic acid) and a
major fatty 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 petroselinie 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 fatty 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

Petroselinic acid was prepared from parsley seed
oil by the procedure of Fore et al. (13). The product
obtained from the first erystallization 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 hydrochloride salts
of petroselinylamine and N-petroselinyl-1,3-trimethy-
lenediamine were performed by the Midwest Mierolab
Ine., Indianapolis, Ind., and those of the petroselinyla-
mine-ethylene oxide adduct, as well as its molecular
weight, were determined by the Galbraith Laboratories
Inec., Knoxville, Tenn.

The iodine values were determined by a modified
Wijs method, designed for use with high-molecular-
weight fatty nitrogen derivatives (14). Although the
hydrogenation method gave iodine values for the
hydrochloride salt of petroselinylamine-ethylene oxide
adduect 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
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Oil Chemists’ Society,” 2nd edition, including addi-
tions and revisions to 1962,

The neutral equivalents were obtained by potentio-
metrie titration.

Preparation of Petroselinylamine from Petroselinic Acid

A 3-necked, 500-m1 round-bottom flask was equipped
with a thermometer, a gas-dispersion tube with a
fritted-glass cylinder, and a 40-ml Dean-Stark trap
with a condenser, through which cold water was
circulated throughout the reaction. The flask was
charged with 200 g (0.68 mole) of petroselinic acid,
1 g of Ionol antioxidant (Shell Chemical Corporation
brand name for 2 6-di-tert-butyl-4-methyl phenol, bp
257-266C), and 50 ml of xylene. A rapid stream of
anhydrous ammonia was bubbled through the solution
while its temperature was slowly inereased from
ambient to reflux over a period of about 1 hr. Heating
was continued, and the solution was maintained at
reflux for another 4 hr.

As more of the solvent distilled out, the reflux
temperature of the reaction mixture gradually rose
from 150 to 180C when the Dean-Stark trap was full.
The water produced during dehydration of the am-
monium salt and petroselinamide was swept out with
the distilling xylene, collected, and periodically
drained off from the trap. The amount of water
served as an aid in estimating the extent of the reac-
tion and in regulating the reflux temperature at which
the dehydration process was most efficient. During
the last hour of the reaction 10 g of P05 (representing
50-100% excess over the amount theoretically needed
for the amide present at this point, as estimated by
infrared speectroscopy) were carefully added to the
reaction medium and its temperature was gradually
inereased to 230C in order to hasten the dehydration
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 xyleme. The dehydrating
agent was then filtered off and washed with the addi-
tion of 100 ml 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 stirred 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 stirring was
continued and the temperature was maintained at
100C for another hour. Heating was then discon-
tinued. The mixture was allowed to eool 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 future use of
the product.

At this stage the petroselinylamine can be obtained
in 75-78% yields, based on petroselinic acid; the
quantity isolated from the xylene extract was slightly
higher than from the ether extract. If the petro-
selinylamine is not needed in its purest form or if
it is to be subjected to further modification in the
near future, the removal of such by-products as the
excess butanol and its sodium salt can be effected
sufficiently by washing of the cooled xylene solution
with water.

Infrared analyses indicated that the crude product
obtained from the reduction of petroselinonitrile was
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essentially the primary cis-6-octadecenylamine, con-
taining only traces of the unreacted nitrile. The iodine
and amine values were close to those caleulated from
theory. The petroselinylamine was stored at —20C
in xylene at a concentration of 250 g/liter and re-
mained sufficiently pure that it could be used for
about one month. However infrared spectra and
amine values disclosed that the primary amine was
not stable under these conditions and that it was
gradually transformed into its secondary and tertiary
amine derivatives unless it was stored in the form
of its hydrochloride salt. The following data for
petroselinylamine standing at room temperature il-
lustrate this transformation.

Percentage of Total Amine Value

Time,
weeks Primary Secondary Tertiary
0 1000
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 from an
ethereal solution as a solid hvdrochloride salt. The
ether extract from the above was first washed with
water until free of alkali and dried over anhydrous
sodium sulfate, then filtered and further dried over
fresh pieces of fiinely cut sodium metal. The decanted
anhydrous ethereal solution of petroselinvlamine was
next saturated with anhydrous hydrogen chloride gas
until all petroselinvlamine hydrochloride was pre-
cipitated and filtered out. The pure product, when
completely dried under high vacuum, was a fine white
erystalline solid, mp 115-116.5C, and was obtained in
44.19% wvields, based on the starting amount of petro-
selinic acid.

Analytical. Calculated for Ci1sHseNC1: C, 71.1; H,
12.6; N, 4.6; C1, 11.7; 1V, 83.5; NE, 303.9. Found:
C,70.9; H,12.6; N, 4.6; CI, 11.8; IV, 83.1; NE, 303.6.

Preparation of N-Petroselinyl-1,3-Trimethylenediamine

The same apparatus used in the preparation of
petroselinylamine was now charged with 300 ml of
the xylene solution that contained 75 ¢ of petroselinyl-
amine (0.28 mole), 45 ¢ of acrylonitrile (0.85 mole),
and 2 ml of a 509% aqueous sodium hydroxide solution.
Nitrogen was slowly bubbled through the reaction
mixture to provide a stirring for the ingredients and
an air-free atmosphere surrounding it. The reaction
temperature was maintained at 85-90C for 1 hr, then
gradually inecreased, along with the rate of nitrogen
sweeping through it, until the excess acrylonitrile and
water were stripped off. The xyvlene solution was then
cooled and filtered free of the small amount of solid
which had formed during the reaction; fresh xylene
was added to restore it to the original 300-ml volume.

The N-cyvanoethylpetroselinylamine in xylene was
reduced by the same procedure used for the reduction
of petroselinonitrile, emploving 37 ¢ (1.6 moles) of
sodium in 600 ml of xylene and a total of 150 ml of
n-butyl aleohol. After acidification. most of the
xylene, butanol, and water were distilled off; the
residue was made alkaline with 25% aqueous sodium
hydroxide and extracted with ether. The ethereal
solution was dried over anhvdrous sodium sulfate and
filtered. The solvent was then evaporated, and the
product heated over a steam bath and dried under
high vacuum. The material 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; primary
AV, 197.5; secondary AV, 131.0; tertiary AV, 31.8.

These values indicated that it was a mixture of
derivatives containing about 1.2 moles of trimethyl-
enediamine per mole of petroselinylamine with the
ratio of primary :secondary :tertiary amine groups =<
1.2:0.8:0.2 (6:4:1). Analyses of samples which were
stored at room temperature or at —20C indicated al-
most complete disappearance of the primary amine
after two weeks. The evolution of ammonia became
noticeable after only 24 hr at room temperature.
However this mixture of N-substituted petroselinyl-
1,3-trimethylenediamine derivatives could be stored
at room temperature unaltered over an indefinite
period of time when converted to the corresponding
solid hydrochloride salts.

The hydrochloride salt mixture was next subjected
to recrystallizations from 50, 75, and 95% aqueous
ethanol solutions respectively. The shiny white flakes
obtained from the final recrystallization were
thoroughly dried in a desiccator over concentrated
sulfuric acid under high vacuum. This product was
the pure N-petroselinyl-1,3-trimethylenediamine dihy-
drochloride which showed first signs of decomposition
at 205C and completely melted at 215C. The vield
amounted to about 50% of the crude product or about
30%, when based on the original amount of petro-
selinic acid used in the reaction.

Analytical. Calculated for Co;HyeNoCle: C, 63.4;
H, 11.7; N, 7.1; CI, 17.8; 1V, 63.8; total AV, 2823,
primary or secondary AV, 141.1; NE, 198.8. Found:
C, 63.5; H, 11.6; N, 7.2; Cl, 17.9; IV, 63.6; Total
AV, 282.5; primary AV, 140.7; secondary AV, 141.8;
NE, 198.0.

Preparation of Petroselinylamine-Ethylene Oxide Adduct

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 trap
and mercury manometer. The reaction solution was
magnetically 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 temperature 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 after heating of
the solution was discontinued. The addition of ethyl-
ene 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 temperature 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 turbidity
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 rotary evaporator on an oil-
bath at 200C under high vacuum. The erude product,
which was very hygroscopic, weighed 77.5 g, and
analyses indicated that it contained an average of 4.5
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moles of ethylene oxide per mole of petroselinylamine
and that only tertiary amine groups were present.
Infrared speectra also disclosed a small amount of
amide-carbonyl absorption. Since all attempts to
produce a solid hydrochloride salt were unsuccessful,
the crude hydrochloride salt of the oxyethylated petro-
selinylamine product, dissolved in ether, was shaken
in a separatory funnel with portions of 50, 75, and
95% aqueous ethanol respectively.

Analyses of the small amounts of material, isolated
from 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-
mine. Their average neutral equivalents were 616,
578, and 535 from the 50%, 75%, and 95% aqueous
ethanol portions respectively. From the remaining
ether portion was isolated a thick pasty material,
licht brown in color, which liquefied at about 140C.
This product was also very hygroscopic and required
exhaustive drying under high vacuum in a desiccator
over concentrated sulfuric acid and hot oil-bath be-
fore it was subjected to each analytical proeedure.

Analytical. Calculated for R — NHy(CHCH0) =
HCIL, where R is Ci1sHjs:

R — NH. MW

(CH.CH:0)x:y %C  %H %N %0 %O0H %Cl or Iv

HCl NE

xt+y=2 67.4 11.8 3.6 8.2 87 9.0 392 647
xt+y=3 66.1 11.6 3.2 11.0 7.8 81 436 ©58.2
x+y=4 65.0 11.3 29 133 7.1 7.4 480 529
xt+y=5 64.2 11.2 27 153 6.5 6.8 524 484
R — X (CH:CH.).0

- HC1 706 11.9 35 43 .. 95 374 67.9

Found: C, 66.2; H, 11.6; N, 3.3; 0, 10.9; OH, 7.6;
Cl1, 7.3: MW, 460; NE, 480; TV, 52.4.

Discussion

In the preparation of long-chain primary amines
the fatty acid is treated with ammonia and subjected
to dehydration to form the nitrile, which is then
reduced to the fatty amine according to the scheme
outlined in Figure 1. The primary amine can be
eventually modified further to produce other N-
substituted derivatives.

0 -Hg O 0 -He O _
NH, + R-CiH r-c’ " T R - —& RCIN
4 2
100 parts/25 parts xylene of reflux over Pp0g
H Nao+n-BuOH
CHoeGH-CEN R-CHe-N,, in xylene of 100C
ge L-L2
%wmlinyhmim 3 In bis (2-methoxyethyl)
H T inxylene CH,~CHj ether
R-CHy-N_
CHg-CHg-CZN He! H
R-CHg-N_ )
N ot - M CHg-CHg-OH
N-cyanoethylpetroselinylamine o _cpp " . ycy R
Na in xylens H 20N
a-BuOH | a1 00C \cm CHe
. CHy-CHy-OH
R-CHg-N_ H R-~CHa-N_
CHy~CHy-CHg-N, o CHy-CHy-OH
H N
N-petroseliny-1, 3-trimethylene- (CHa-CHe) _, JHeO
diamine
L(CHg-CHa-0)H ,CHz~CHe
HCl R-CHp-N_  © POk R-GHg-N o
(CHy"CH-O) H “CHg-CHp
H
R-CHg-N_- HCI M Hal l“c'
-CHy-CHg-N_ . HC!
CHy-CHy-CHe-N_ _{CHz~CHz-0),H /CHZ'CQ
) R-CHg-N/ HCI R-CHg~NZHCI >0
- {CHg- CHp~O)H CHp-CHg

{8} (C)
R = cis- CHg(CHp),oGH= CH(CHg)
x+y is between 2.and 5
Fie. 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 aecid, 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 petroselinic 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 measarements of the absorption peaks
characteristic of the amide group (the NH stretching
frequencies at 2.87 p and 2.99 u, the amide ¢ =0
absorption at 6.05 g, and the primary amide NH,
deformation at 6.35 p), 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 carbonyl groups of ecarboxylic
acids or its ammonium salts should absorb (5.8-5.9 p).

cm!

40003000 2000 1500 1000
B i b B T L R e e e e B L
o

.20+

30

40|
.50
60
.70
1.0}

o0 ) 1 { 1
3 4 5 6 7 8 9 0 1

WAVELENGTH {MICRONS)

Fi6. 2. Infrared spectrum of petroselinamide.
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Fie. 3. Infrared spectrum of petroselinonitrile.

The absence of peaks at 10.35 n (trans ethylenie 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 tranms
configuration takes place and that, at this point of
the process, there has been mno 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
P205. Al,O; 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 aleohol immediately after
the dehydrating agent has been filtered off.

The authors have chosen the method employing
sodium and aleohol for reduction of the nitrile groups
in petroselinonitrile and the N-cyanoethylpetroselinyl-
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
deseribed 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-1,3-
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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M OHg-C Hg'CHg-N/P.lHCI depreasing oxygen and hydroxyl content of the
R-N . HCI R-N . HCI M mixture. o .
: y N The 1,3-trimethylenediamines and the ethylene oxide
CHg-CHz -CHp GHp-CH,-CH,-N, . HCI derivatives of a number of fatty amines are com-
HCI . N-R H : . .
H mercially available, and it has been suggested that
H these derivatives prepared from unsaturated fatty
A CHp-CH,-CH,-N_ . HCI acids are superior as corrosion inhibitors, when added
R-N. Hel R-N_. HGI H to lubricating oils, to t.he correspondipg_derivatives
CHy-CH,-GH, CHy-CH, -GH, f.rom saturated fatty_amds '(17—19). ‘ Limited eyalua—
HCIN-H HCI N -H tions of the petroselinylamine and its N-substituted
[FH2"CHe-CH, L£H,-CH,-CH, derivatives by Armour and Company disclosed that
R-N_. HCI R-N_. HC! H they are ecomparable as corrosion inhibitors to their
H CH,~CH, ~GHp =N . HC isomeric oleylamine derivatives (20). The hydro-
H

R= ¢is -CHy{GH,),o CH = CH{CH, ), -

Fig. 4. N-Substituted petroselinyl-1,3-trimethylenediamine
derivatives.

Analyses of the crude product obtained from the
reaction of petroselinylamine with acrylonitrile and
its subsequent modification to the diamine dihydro-
chloride salt and analysis of the residue left after
removal of the major component indicated that the
by-products were higher-molecular-weight, N-sub-
stituted petroselinyl-1,3-trimethylenediamine deriva-
tives which contained mostly secondary amine groups.
The tertiary amine derivatives were in the minority.
This leads to a belief that, under the basie 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-1,3-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 treatment 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-
ene 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.

It has been shown by other investigators (1,2,16,17)
that, under similar conditions, ethylene oxide adds to
primary and secondary fatty amines to give tertiary
amines which are mixtures of adduets 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 mole 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 proportion after each subsequent
drying treatment and analysis were shown by the

chlorides of these amines also exhibited antimycotic
activity against various types of micro-organisms (21).

It may be concluded that the new process em-
ploving 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 petroselinic acid to its
nitrile has been shortened from some 20 hr, required
by the previous method, to about 5 hr. Also the purity
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
produets.

ACKNOWLEDGMENT

Screening of amine hydrochlorides for antimycotic activity performed
by A. Novak of Louisiana State University.

REFERENCES

1. LaFleur, K. 8. (Deering Milliken Research Corporation), U. 8.
3,080,259 (1963). X

2. Von Smolinski, A.,, N. W. Berst and L. L. Alt (The Diversey
Corporation), U. 8. 8,072,515 (1963).

3. DuBrow, P. L., and F. W. Smith (Armour and Company),
U. S. 2,840,600 (1958).

4. Thompson, R. B. (Universal Qil Products Company), U. S.
2,920,080 (1960) and U. S. 2,968,629 (1961).

5. Engel, H., Ger. 872,623 (1949).

6. Elliott, J. S., and E. D. Edwards (C. C. Wakefield and Company
Ltd., London, England), U. 8. 2,836,565 (1958).

7. Denman, W, L. (Dearborn Chemical Company), U. S. 2,882,171

1959).

( 8. Kahler, H. L. (W. H. and L. D. Betz), U. 8, 2,460,259 (1949).

9. Novak, A. F., G. C. Clark and H. P. Dupuy, JAOCS 38, 321—
324  (1964). .

10. Novak, A. F., M. J. Fisher, 8. P. Fore and H. P. Dupuy, Ibid.
41, 503-505 (1964).

11. Placek, L. L., Ibid. 40, 319-329 (1963).

12. Placek, L. L., and F. G. Dollear, Ibid. 39, 347-850 (1962).

13. Fore, 8. P., R. L. Holmes and W. G. Bickford, Ibid. 37,
490-491 (1960).

14. Milun, A. P., Anal. Chem, 33, 123-125 (1961).

15. Roe, E. T., J. T. Scanlan and D. Swern, J. Am. Chem. Soc. 71,
22152218 (1949).

16. Kastens, A. S, “High Polymers,” Vol. 18, Part I, ch, 1v,
Polymers from 1,2-Epoxides: II. Applications and Technology, Inter-
science Publishers Inec., Division of John Wiley and Sons Ine., New
York, N. Y., 1963, pp. 207-210.

17 “Armour KEthoxvlated Chemieals,” Armour and Company,
Armour Industrial Chemical Division, Chicago, TIL .

18. “Fatty Nitrogen Chemicals for Industry,” General Technical
Bulletin 1241, General Mills, Chemical Division, Kankakee, IIL

19. “Delamin and Delamate Products,”” Hercules Technical Data
No. NS-234, Hercules Powder Company, Naval Stores Department,
Wilmington, Del. .

20. Reck, Richard, private communication.

21. Novak, A., private communication.

[Received February 7, 1966]



