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D 
U R I N G  T H E  COURSE o f  a n  investigation to develop 

new chemical uses for fats and oils (1, 2) a 
number of ester-amides and diester-amides of 

aminoalcohols were prepared and evaluated as plas- 
ticizers in several resins. Initial screening was car- 
ried out by "solvent-casting" vinyl chloride-vinyl 
acetate copolymer films, using a 40/60 weight ratio 
of plasticizer to resin, and testing the plasticized 
films for compatibility, brittle point, volatility, ten- 
sile strength, 100% modulus, elongation at rupture, 
and heat stability. 

I t  was established that only the aminoalcohols con- 
taining a secondary amine group gave ester-amides 
with the desired degree of compatibility with the 
vinyl resin. The specific aminoa!cohols found to be sat- 
isfactory were: diethanolamine, diisopropanolamine, 
methylethanolamine, ethylethanolamine, and phenyl- 
ethanolamine. As a general rule, the compatibilities 
varied inversely with the molecular weight of the 
fat ty acid used. The utility of the lower molecular 
weight compounds was found to be limited by their 
higher volatility. 

The optimum combination of properties was attained 
with C 8 and the C~o diester-amides of diethanolamine. 
The mixture of eaprylie and eapric acids as they occur 
in coconut oil was convenient and economical. The re- 
sulting mixed diester-amide of diethanolamine is here- 
inafter referred to as DCC. This compound appears 

to be a versatile and efficient plasticizer. An extenuive 
testing program resulted in favorable evaluations in 
vinyl chloride-vinyl acetate copolymer, acrylonitrile 
rubber, ethyl cellulose resin, and vinyl butyral resin. 
In general, DCC is comparable with dioctylphthalate 
in its plasticizing properties and has about one-fifth 
its volatility (that is, the loss in weight at 120~ of 
a film plasticized with DCC was one-fifth that of a 
film plasticized with DOP). 

Preparation, of Plasticizers 
The reaction of the aminoalcohol with the theoreti- 

cal equivalent of the free fa t ty  acid or mixtures thereof 
took place smoothly without a catalyst. Xylene was 
used to azeotrope off the water formed. The following 
example was typical of all the preparations which are 
summarized in Table I. 

Diethanolamine dicaprylate caprylamide. Diethan- 
olamine (5.3 g., 0.05 mole), caprylic acid (21.6 g., 
0.15 mole), and 3 ml. xylene were heated together in 
a 100-ml. flask fitted with a sealed stirrer and a Dean- 
Stark trap (filled with xylene) to collect the water 
evolved and return the xylene continuously to the pot. 
The reaction started at a pot temperature of about 
150~ and was completed within 20 min. At the end 
of this period the pot temperature had risen to 208~ 
and 2.7 ml. (0.15 mole) water had collected in the re- 
ceiver. The xy]ene was stripped on the steam bath 

TABLE I 
Preparation of Plasticizera 

Compound Reactants Product 

Diethanolamine dibutyrate 
butyramide 

Methylethanolamine caprylate 
caprylamide 

Diisopropanolamine dicaprylate 
caprylamide 

Methylethanolamine oleate 
oleamide 

Methylethanolamine butyrate 
butyramide 

Diisopropanolamine dibutyrate 
butyramide 

Ethylethanolamine stearate 
stearamide 

Ethylethanolamine eaprylato 
caprylamide 

Mixed diester made of diethan- 
olamine with cupric + caprylic 
acid (DCC) 

Diethanolamine dieaprylate 
eaprylamide 

15.8 g. (0.15 mole) diethanolamine, 39.6 g. 
(0.45 mole) butyric acid, 10 ml. xylene 

10.7 g. (0,15 mole) methylcthanolamine, 64.8 ! 
(0.45 mole) eaprylic acid 20 ml. xylene 

12.0 g. (0.09 mole) diisopropanolamine, 40 g. 
(0.28 mole) caprylic acid, 10 ml. xylene 

6 g. (0.08 mole) methylethanolamine, 45.1 g. 
(0.16 mole) oleic acid, 10 ml. xylene 

15 g. (0.2 mole) methylethanolamine, 36.2 g. 
(0.4 mole) butyric acid, 10 ml. xylene 

20 g. (0.15 mole) diisopropanolamine, 39.6 g. 
(0.45 mole) butyric acid, 10 ml. xylene 

8,9 g. (0.1 mole) ethylethanolamine, 56.9 g. 
(0.2 mole) stearic acid, 10 ml. xylene 

lB.3 g. (0.15 mole) ethylethanolamine, 43.2 g. 
(0.3 mole) caprylic ac'id, 10 mL xylene 

10.5 g. (0 .1  mole) diethanolamine, 28.4 g, 
(0.165 mole) cupric acid. 19.5 g. (0.135 
mole) eaprylic acid, 10 ml. xylene 

5.3 g. (0.05 mole) diethanolamine, 21.6 g. 
(0.15 mole) caprylic acid, 3 ml. xylene 

36 g., b.p. 172-178~ ram., n ~  
1.4573 

32 g., b.p. 194-199~ ram., n ~  
1.4556 

Cale. Found 
6 9 . 7 - -  C - -  69.0, 69.3 
11 .4 - -  / - I - -  11.2, 11.4 

31 g., b.p. 235~ ram., n ~  
1.4542 

Calc. :Found 
70 .4 - -  C - -  69.7, 69.7 
1 1 . 2 - -  H - -  11,4, 11.1 

Heated to 200~ mm., not 
distilled 

33 g., b.p. 125-133~C./1.5 ram. 

42 g. b.p. 166-1690C./7.5 mm. 

Heated to 200~ ram. ; not 
distilled, m.p. ca. 35~ 

44.5 g., b.p. 180-182~ ram. 

Calc. Found 
7O.3--  C - -  7O.2 
1 1 . 5 - -  H - -  11.3 

Heated to 200~ ram., not dis- 
tilled n~ 1.4600 

b.p. 237-238~ mm. n~  1.4587 

Cale. 1~ound 
6 9 . 5 ~  C - -  69.2, 69.3 
1 1 . 0 - -  H - -  11.0, 11.0 

354 
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TABLE II 
Screening Evaluation of Plastieizers in Vinyl Chloride-Vinyl Acetate Films 

(40 Parts Plasticizer to 60 Parts Resin) 

355 

Plast icizer  

Dioetylphtalate  ( D O P )  ........................................................................... 
Die thano lamine  + mixed caprylic cupric acids or esters (DCC) ............ 
E thy le thanolamine  dicapryla te  caprylamide ........................................... 

Die thanolamine  d icapryla te  caprylamide ................................................ 
Methy le thanolamine  eaprylate  caprytamide ............................................ 
Die thanolamine  d ibu ty ra te  bu ty ramide  ................ ................................... 
Die thanolamine  d icapra te  capramide ...................................................... 
Di i sopropanolamine  dicaprylate  caprylamide ......................................... 
Di i sopropanolamine  d ibu ty ra te  bu ty ramide  ............................................ 
Methy le thandlamine  dibu tyra te  hu ty ramide  .......................................... 
Methyle thanolamine oleate oleamide ..................................................... 

Elonga- C ' 
A p p e a r - I  Tensile ] , i  . . . .  [ 100~ [ Bmtt le  

ance / S t r eng th  a Ru  ~-u~ea Modulus  b P o i n t  c 
_ _  _ _  p t  . . . . . . . . . . . . . . . . . . . . .  

~ "  0 9 - -  , 
Clear 2620 470 920 --60 

Clear 3080 ] 400 ] 1060 ] - -65 
()lear 2600 300 600 - -60  
Clear 1420 300 580 --35 
Clear 2600 450 1000 --65 
Clear 1590 350 710 --45 
Clear 2330 450 460 --  5 
Clear 2830 400 390 --50 
Sl ight  3220 400 1420 --60 

exudat ion 

Volat i l i ty  d Hea t  
D O P : I . 0  Stabi l i ty  e 

] .0 Good 
0.21 Good 
0.50 Sl ight ly  

yellow 
0.19 Good 

{:{ s l igh t ly  
yellow 

a A S T M  D 412-51T. 
b 1 0 0 %  Modulus  is  the force in  psi requi red  to i~crease the length of t he  test  s t r ip  by 100%. 
c The br i t t le  po in t  t empera tu re  was taken  as tha t  t empera ture  at  which 50% of the test  s t r ips  failed when subjected to a f lexing impact  while 

immersed in petroleum ether. Ref. ASTM D 746-52T. 
d The test films were held at 120~ for 8 hrs., and the loss in wt. was -compared  with t ha t  of a film plasticized wi th  1)O['. 
e The heat  s tabi l i ty  was judged  by inspect ion after  ho ld ing  the fihns fo r  8 hrs.  at  120~ 

under  water pump vacuum, leaving 23.6 g. (94% 
conversion) of a pale yellow oil. A portion of this 
product  was distilled at 1 ram. A small forerun (3% 
of the charge) was removed below 205~ and most 
of the product  came over at 237-238~ 1.4857). 

(Jalculated F o u n d  

C 69.5 C 69.2, 69.3 
H 11.0 H 11.0, 11.0 

The reaction of diethanolamine with methyl cap- 
rate, methyl caprylate, and the mixture of these as 
obtained from coconut oil was investigated. Good 
yields of the diester amide were qbtained with methyl  
eaprate and with the mixture, but only poor yields 
with methyl caprylate. 

DCC was prepared in the following manner.  A 
3-liter flask was fitted with a sealed stirrer, a drop- 
ping funnel, and a steam-jacketed pa r t i a l  reflux con- 
denser surmounted by a take-off condenser. A s lurry 
of 15 g. calcium oxide in 210 g. (2.0 mole) diethanola- 
mine was added from the dropping funnel  over a 
period of 1.5 hrs. to 838 g. of a stirred refluxing 
mixture of methyl eaprylate and methyl  caprate (in 
the ratio obtained from coconut oil). The methyl  alco- 
hol was removed through the part ial  reflux condenser. 
The reaction started at about 180 ~ C., and the tempera- 
ture  rose to 218~ over a period of 2 hrs., at the end 
of which time 226 ml. of methyl alcohol had been col- 
lected. The reaction mixture was filtered, t ransfer red  
to a distillation apparatus,  and heated to 200~ at 
2 ram. The excess mixed methyl eaprylate and caprate 
removed weighed 476 g. The residue weighed 935 g. 
(89% conversion based on a diester-amide of a C, 
acid). The product  was a yellow liquid, n~  1.4600. 

Plasticizer Evaluations 

A. Screening Tests. Thin films (approximately 0.025 
in. thick) were cast at 50~ from a methyl ethyl ke- 
tone solution of the plasticizer and a 95%-5% vinyl  
chloride-vinyl  acetate copolymer (Viny l i t e  VYDR, 
Carbide and Carbon) in the ratio of 40 parts  plasti- 
cizer to 60 parts  resin. The films were held at 50~ 
for 2 hrs., and at ]00~ for 15 min. to remove the 
solvent. Results of these evaluations for a number of 
plasticizers f rom aminoaleohols are presented in Table 
II.  Comparison was made with dioctyl phthalate. 

The following compounds were f o u n d  to be incom- 
patible with Vinylite VYDR in the ratio of 40 parts  
plasticizer to 60 parts  resin and were not examined 
fur ther :  diethanolamine dioleate oleamide; diethan- 

T A B L E  llI 
DCC E v a l u a t i o n  in E thy l  Celluilose Res in  (Ethocel  20 eps, 1)ow) 

(40 P a r t s  Plas t ic izer  to 60 P a r t s  Res in)  

I I El~ T e n m l e  t ion  a t  ] 100% [ Br i t t l e  
. . . . . . .  po in t  '~ s t rength  r u p t u r e  modulus  

psi  % psi  ~ 
Dioctyl ph tha la te  .............. 390 30 .... + 1 5  
DCC ............................ ...,,,~ 275 I 37 / .... t - -25 

a Determined on th in  film. 

T A B L E  I V  
DCC E v a l u a t i o n  in Vinyl  Bu ty r a l  Resin  ( B u t v a r  H. V., Monsanto)  

(30 P a r t s  Plast ic izer  to 70 P a r t s  Igesin) 

EIonga- 100% Tensi le  t ion  at  Br i t t l e  
s t r eng th  r u p t u r e  _ - -m~  poin t  '~ 

psi  % psi  I ~ 
Dibuty l  sebacate ............... 1555 333 217 Below --75 
DCC .................................. 3445 265 I 437 ! Below --75 

a 1)etermined on t h in  fihn. 

T A B L E  V 
DCC E v a l u a t i o n  in  Aeryloni t r i le  Rubber  

Physical  P roper t i e s  No Plast i -  di-Oetyl 
cizer Azelate DCC 

Or ig ina l  
Tensile, psi  ........................... 
Modulus,  300% ................... 
Elongat ion,  % ...................... 
Hardness ,  Shore "A" .  ......... 
Lupke  Rebound ................... 
ASTM I)1043 Tors ion  Flex. 
Br i t t l e  ASTM 1)746 ............. 
Comp. Set, 1580~ 82 hrs. 

Aged Proper t ies  
7 Days @ 158~ 

Tensile,  psi  .......................... 
E longat ion ,  % ..................... 
Modulus,  300% .................... 
Hardness ,  Shore " A " .  ......... I 
Volati l i ty,  % ........................ 

70 Hrs .  @ 212~ 
Tensile, psi  ........................... 
Elongat ion,  % ....................... 
Modulus,  300%. :  .................. 
Hardness ,  Shore "A".  .......... 
"Volatility, % ......................... 

Oil Swel l ing  
5 Days  @ 158~ 
M I L - 0 - 5 6 0 6  

Hardness ,  Shore "A" .  ......... 
Weight ,  % ............................ 
Volume, % ........................... 

B rake  F lu id  
Hardness ,  Shore ? ' A " .  ......... 
Weight ,  % ............................ 
Volume, % ........... ................ 

2175 
1880 

340 
64 
52 

- -27~ 
O K - - 6 5 ~  

18% 

231o 
320 

2185 
67 

0.098 

2330 
240 

None 
70 

0.23 

55.0 
22.1 
32.4 

46.0 
24.9 
34.6 

2140 
900 
490 

52 
54 

- -58~ 
OK --65~ 

17% 

2150 
440 

1100 
56 

0.336 

2020 
350 

1420 
61 

1.98 

48 
8 

12 

36 
23 
33 

2240 
900 
525 

54 
53 

- -46~ 
OK--65~ 

14% 

2280 
455 

1250 
57 

0.309 

2240 
340 

1810 
57 

0.66 

48 
9 

15 

40 
]9  
28 

olamine dilinoleate linoleamide ; ethanolamine dilinole- 
ate linoleamide ; ethanolamine caprylate caprylamide ; 
1-amino-2,3-dihydroxypropane distearate stearamide; 
1- amino- 2, 3- d i h y d r o x y p r o p a n e  dibutyrate butyra- 
mide; 1-amino-2,3-dihydroxypropane dicaprylate cap- 
rylamide. 
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B. DCC Evaluations. Thin films were cast from a 
solution of the plasticizer and a resin in an appropro- 
priate solvent. These films were stacked in a Carver 
press and pressed to 0.05-in.-thiek sheets. Tables I I I  
and IV present, respectively, results of evaluations 
of DCC in ethyl cellulose resin (Ethocel 20 cps, Dow) 
and in vinyl butyral  resin (Butvar  H. V., Monsanto). 
Dioctyl phthalate and dibutyl  sebaeate were used for 
comparison. 

Table V summarizes the results of the evaluation of 
DCC in an acrylonitrile-butadiene rubber of the fol- 
lowing formulation: ~ 

P a r t s  by weight 
P a r a e r i l  18 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100  
Z i n c  o x i d e  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
S t e a r i e  a c i d  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
A g e r l t e  r e s i n  D ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
A l t a x  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .5 
S u l f u r  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.5 
P l a s t i c i z e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 

Dioctyl azelate was used for comparison. 

1 This evaluation was carr ied out through the courtesy of a Depart-  
ment  of Defense testing facility. 

Summary 
A number of ester-amides and diester-amides of 

aminoalcohols were prepared and evaluated as plasti- 
eizers. Screening tests established the necessity of a 
secondary amine group in the aminoalcohol to im- 
par t  the desired degree of compatibility with vinyl 
resins. 

Optimum plasticizer properties were at tained with 
the Cs and C~0 diester-amides of diethanolamine. The 
mixture of eaprylic and caprie acids as obtained from 
coconut oil was convenient and economical. 
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Isolation of 2,4-Dodecadienoic Acid from the 
Seed Oil of Sebestiana Lingustrina 
RALPH T. HOLMAN ~ and D. P. HANKS, Department of Biochemistry and Nutrit ion and 
Department of Chemistry, Texas A and M College, College Station, Texas 

~ INVESTIGATION of the oil of the seed of Sebestiana 
lingustrina by IIanks and Potts (1) revealed the 
presence in this oil of a ehromophoric fa t ty  acid 

of about 12 carbons chain length. The absorption 
spectrum of the oil was very similar to that  of the 
oil of Sapium scbiferum (Stillingia or Chinese Tal- 
low Seed oil) in which Hilditeh (2) has found the 
ehromophoric fa t ty  acid to be 2,4-decadienoie acid. 
It was of interest therefore to isolate the chromo- 
phorie fa t ty  acid from Sebesiiana lingustrina and to 
ident i fy  it. 

The method of obtaining the seed oil and its char- 
acteristics are given in an earlier publication (1). 
The oil was converted to methyl esters by direct a]co- 
holysis, using sodium methylate. The esters were then 
distilled in a Todd fract ionat ing column, and the frac- 
tion boiling between 86 and 90~ at 1 to 2 ram. Hg. 
was collected. This was the first substance to distill 
and was clearly separated from the remainiug high 
boiling esters. 

The free acids obtained from this fract ion had an 
equivalent weight of 193, indieating it to be com- 
posed largely of 12 carbon acids. The low-boiling, 
very  f ragran t  methyl  ester fract ion was found to ex- 
hibit strong absorption in the ultraviolet region with 
a maximum of 2680 A. The 1.007 g. of the methyl 
ester fract ion took up 237 nil. of hydrogen. Assum- 
ing the average molecular weight of the methyl esters 
to be 207, the average unsaturat ion was 2.18 double 
bonds per molecule. The hydrogenated esters af ter  
saponification yielded acid which had an equivalent 
weight of 200.4 (lauric acid is 200.3). 

Present  address :  Horme!  Inst i tute ,  Austin, Minn. 

The C1= methyl ester fract ion (240 rag.) was next  
subjected to displacement chromatography on a cou- 
pled filter column having a capacity of 30 ml., using 
1:2 Darco G60 charcoal-Hyflo Supercel filter aid as 
adsorben t ,  85% ethanol as solvent, and 1% ethyl 
erucate as displacer. Details of the technique are de- 
scribed elsewhere (3). The light absorption of the 
effluent was measured as it passed through a 0.2-mm. 
quartz cell in the Beckman spectrophotometer. Meas- 
urement was nladc at 2900 A, representing a position 
to the side of the maximum such that  the density 
throughout  the experiment remained within the scale 
of the instrument.  The port ion of the eluate shown 
between the two arrows in Figure  1 was kept, and the 
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Fro. 1. Displacement diagram for chromatographic isolation 
of 2,4-dodecadienoie acid. 
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