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x ~)aEWOUS PAPnRS we have dese.ribed the prepara- 
l tion of Diels-Alder adducts front of variety a 

dienophiles and pure trans,trans-oetadecadienoic 
acid (5) or from conjugated soybean fa t ty  acids in 
which the contained conjugated linoleie acid had been 
isomerized to the t'rans,trans configuration (1). In 
the lat ter  paper  the potential ut i l i ty of esters and 
epoxidized esters of certain of these adducts as plasti- 
cizers and stabilizers of polyvinyl chloride was pointed 
out. 

Among domestic vegetable oils, soybean oil and, 
because of its linoleic acid content, safflower oft are of 
part icular  interest as raw materials for  preparing 
Diels-Alder adducts. Alkali conjugation of these oils 
yields conjugated fa t ty  acids in which the contained 
conjugated linoleie acid is  in the cis,trans configura- 
tion (2). The preparat ion of adducts would be sim- 
pler and more economical if these alkali-conjugated 
fa t ty  acids could be used directly without separate 
isomerization of the contained conjugated linoleic 
acid to the trans,trans configuration as previously 
reported. 

In the analytical determination of the "pandiene" 
number Von Mikusch (6) employed iodine as a cata- 
lyst to induce isomerization of cis,trans to trans,trans 
conjugated fa t ty  acids during simultaneous addition 
of maleic anhydride.  Since iodine did not appear  to 
give satisfactory results in the presence of certain 
dienophiles, the use of selenium was investigated. 

Discussion 

I t  was found that  adducts were formed readily by 
heating alkali-conjugated fa t ty  acids or their esters 
with appropriate  dienophiles (Table I) in the pres- 
ence of a small amount  of selenimn (1.5-2 g. per mole 
of contained conjugated fa t ty  acid or about 0.5-0.7% 
by weight).  Dienophiles tested included esters of 
maleic acid, acrylic acid and its esters, acrolein, and 
acrylonitrile. Yields of crude adducts ranged from 
64-82%, based on the conjugation present in the 
alkali-conjugated fa t ty  acids. 

Nearly all of the selenium present separated out 
of the reaction products when they were allowed to 
stand, and it could then be removed by filtration. 
IIowever traces of reduced selenium compounds re- 
mained in the adduets. These traces were most read- 
ily detected by heating the adduet  to about 300~ 
and noting the odor of hydrogen selenide. Ordinary  
vacuum distillation was not effective in removing this 
residual selenium. Codistillation of product  and selen- 
ium-containing compounds appeared to take place so 
that  distilled fractions had an objectionable odor of 
hydrogen selenide. This odor could be removed by 
several methods, such as stirring the distillate with 
mercury,  colloidal silver, or mercuric chloride solu- 

1 P r e s e n t e d  at the  m e e t i n g  of the  Americana Oil Chemis t s '  Society, 
C inc inna t i ,  O. S e p t e m b e r  3 0 - O c t o b e r  2, 1957.  

'~ P r e s e n t  address :  Lord  M a n u f a c t u r i n g  Company ,  Er ie ,  P a .  

tion, passing it through charcoal columns, or washing 
it with lead acetate solution. However material so 
treated usually redeveIoped objectionable odor on 
heating. 

Surprisingly,  distillation of the adducts in a cen- 
tr ifugal molecular still was found to yield distillate 
free of selenium as judged by failure upon heating to 
cause development of odor. Several passages of the 
main fractions through the still were generally re- 
quired to yield products  apparent ly  free of selenium. 
Foreruns  contained some selenium, but  most con- 
densed as a gray deposit in the cold t rap  of the still. 

Pure  adducts obtained by this selenium isomeriza- 
tion technique gave theoretical analyses and, on the 
basis of physical properties and inf rared  spectra, 
they appeared to be identical with those obtained 
from trans,tra~s conjugated linoleie acid. Because of 
the difficulty of removing selenium, yields of purified 
adducts were lower than desired. Selenium isomeri- 
zation is however an effective method for  preparing 
adduets directly f rom cis-trans conjugated fa t ty  acids. 
If  a cheap and efficient means of removing se]enium 
can be found, this method should have considerable 
potential for large-scale preparat ion of adducts. 

Epoxidat ion of adduet  esters is complicated by the 
reactivity of the oxirane ring, which is readily opened 
by acidic materials present during epoxidation to 
give products low in content of oxirane oxygen. For  
this reason we originally used perbenzoie acid for 
epoxidation (1). We have found that  epoxidation 
can be accomplished without excessive opening of the 
oxirane ring by using peracctic acid (4) (Table I [ )  
or by using hydrogen peroxide and acetic acid with 
an ion-exchange resin as catalyst (3). 

Although a number  of minor modifications of the 
latter procedure were tr ied (Table I I I ) ,  epoxidation 
did not proceed as extensively as with peraeetic acid. 
However epoxidations of 80% and more could be 
obtained with only minor opening of the oxirane ring, 
as shown in figures for " h y d r o x y - a c e t o x y "  in Table 
lI[. It ighest epoxidation (92.9%) was obtained by 
epoxidation and re-epoxidation of the product. Best 
yields of epoxide in a single step (85.6%) were 
obtained in the presence of a large amount  of ion- 
exchange resin. 

Both the adduet  esters and their epoxides show 
promise as plasticizers and stabilizers for polyvinyl 
chloride (4). Investigations are in progress to evalu- 
ate these products more fully for this and other 
related uses. 

Experimental 
Preparation of Adducts 

Alkali-conjugated safflower fa t ty  acids containing 
72-76% of diene conjugation [calculated as the 
cis,tra~ts isomer, E~. ..... 950 (2) ] were employed. Re- 
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P r o d u c t  

Acryl ic  a d d u c t  es ters  
Methyl  . . . . . . . . . . . . . . . . . . . . . .  
n B u t y l  ... . . . . . . . . . . . . . . . . . .  
2 -Ethy lhexyl  ............. 

Male ic  a d d u c t  es te rs  
Methyl  . . . . . . . . . . . . . . . . . . . . . .  
n -Bu ty l  . . . . . . . . . . . . . . . . . . . . .  
2 -Ethylhexyl  ............. 

:~[ethy[ e s t e r  of aery- 
lon i t r i l e  adduc t  ........ 

Methyl  es ter  of 
ae ro le in  a d d u c t  ........ 

T A B L E  I 

Addac t s  P r e p a r e d  f rom Alka l i -Con juga ted  Safflower F a t t  

Reae-  
__ tan t sa  n ~ B . P .  

1 . 4 6 8 1  I 
1 . 4 6 3 0  
1 . 4 6 5 2  

1 .4693  
1 . 4 6 4 2  
1 , 4 6 5 9  

1 . 4 7 5 4  

1 . 4 8 0 0 '  

*C. 
1 1 5 - - 8 0 / 1 6 ~  b 

1 5 0 - 6 5 / 1 2 ~  b 
1 8 0 - 2 0 0 / 1 1 ~  b 

1 4 0 - 6 5 / i 5 ~  b 
1 7 0 - 8 0 / 1 3 ~  b 
215/16~ b 

1 8 5 - 2 0 0 / 0 . 0 3 m m .  

1 7 2 - 7 7 / 0 . 0 3 m m .  

Acids  

Ana lys i s  

Theo ry  

e l=t 

7 2 . 5 9  1 0 . 6 0  
74 .95  11 .28  
77 .03  11 .88  

6 8 . 4 6  9 ,60  
72 .29  1 0 . 7 0  
75 ,35  1 1 . 2 8  

75 .76  1 0 . 6 4  

75 .38  10 .93  

E o u n d  

C }I 

72 .43  1 0 . 4 9  
74 .95  11 .23  
76 .86  1 1 . 6 7  

68 .75  9 . 7 0  
72 .24  10 .53  
7 4 . 5 5  1 1 . 2 3  

76 .03  10 .73  

7 5 . 5 7  10 .93  

Sap.  eq. 

Theo ry  F o u n d  

1 9 0  193 
232  235 
288  2 8 6  

_ _  _ _ e  

Iodine va lue  

Theor:  Found 

66 .7  67 .1  
54 .4  55 .7  
44 .0  44 .3  

57 .5  55 .6  
4 5 . 0  44 .1  
34 .5  3 4 , 6  

Yie ld  j 

C rudeJ Pure 

% % 
73 59 c 
78 72 e 
64  49 d 

89  52 ~ 
79 56 a 
82  67 a 

20f ,h  

23g,h 

a See ~]xper imenta l  for  key  to r e a c t a n t s ,  b:M:oleeular d i s t i l l a t ion ,  e Pu r i f i ed  by two passes  t h r o u g h  molecu la r  stil l .  P u r i f i e d  by p a s s i n g  tw ice  
t h rough  mo lecu l a r  st i l l  a n d  once t h r o u g h  a c a r b o n - a l u m i n a  column.  ~ i~ale ie  adduc t s  do not  s apon i fy  completely ( 1 ) .  f P u r i f i e d  by conven t iona l  dis- 
t i l la t ion .  ~ P u r i f i e d  by  conven t iona l  d i s t i l l a t ion  a n d  c h r o m a t o g r a p h y  on a l u m i n a ,  h L a r g e  f o r e r u n s  w e r e  t a k e n  and  d i s c a r d e d  to f ac i l i t a t e  r emova l  
of se lenium,  i B a s e d  on con juga t ion  o r ig ina l l y  p resen t .  J A f t e r  f i r s t  pass  t h r o u g h  molecula r  st i l l .  

aetants for  the various products  in Table I were 
as follows: 

a) an alkyl ester of conjugated safflower fatty acids and the 
corresponding alkyl ester of acrylic or nm]eic acid; 

b) conjugated safflower fatty acids and acrylic acid (The 
crude ac~dic adduct, obtained in quantitative yield, was esteri- 
fled to obtain the products shown in Table I I . ) ;  and 

c) methyl esters of conjugated safflower fatty acids and 
a c r y l o n i t r i l e  o r  a c r o l e l n .  

Two general procedures for  p repar ing  acrylic and 
maleic adducts  were established. The first procedure 
should be used when the dienophile is too volatile to 
permit  the desired reaction t empera tu re  to be reached. 
The second procedure is generally applicable to reac- 
tions involving maleic esters or other high-boiling 
dienophiles. 

Procedure 1. A P a r r  3 medium-pressure  hydrogen- 
ation vessel is charged with conjugated f a t t y  acids or 
esters, dienophile in 10% excess based on total  f a t t y  
acids or esters, al~d 1.6 g. of each of hydroquinone 
and selenium per mole of diene present. An  equal 
volume of heptane or benzene is added, and  air  is 
flushed f rom the reactor  with nitrogen. The reactor  
is then filled with ni trogen to a pressure of 30 p.s.i., 
sealed, and heated with constant s t i r r ing to 250 ~ for 
45 rain. In t e rna l  pressures may  reach as high as 400 
p.si .  dur ing  t h e  reaction. Af te r  cooling, the contents 
of the reactor  are removed (Use hood: ~olatile, toxic, 
reduced selenides are present) ,  filtered to eliminate 
precipi tated selenium, and washed with water.  The 
solvent is removed, and the product  is purified by 
an appropr ia te  method as noted in Table 1. 

In  this table the yield of pure  product  refers  to 
the final yield of essentially selenium-free product  
a f ter  purification by  the indicated procedure. The 
" c r u d e "  yield represents  the amount  of product  

s The  n a m e  of t h i s  company  is f u r n i s h e d  for  i n f o r m a t i o n  only, a n d  
i t s  ment ion  does not  cons t i tu te  an  e n d o r s e m e n t  of th is  company  or i ts  
p roduc t s .  

T A B L E  I I  
P r o p e r t i e s  of Adduc t s  Epox id ized  w i t h  P e r a c e t i c  Acid  

P r o d u c t  P u r i t y  a I od ine  va lue  n 

Acry l ic  adduc t  es ters  % 
Methyl  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 8 . 0  1.1 1 , 4 6 6 9  
n -Bu ty l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 5 . 0  0.8 1 . 4 6 3 6  
2 -Ethylhexyl  ............................ 94 .5  0.2 1 . 4 6 5 1  

Male ic  adduc t  e s te r s  
/V~ethyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 4 . 7  2.3 1 . 4 6 9 7  
n-Bt~tyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  92 .0  2 .0  1 . 4 6 4 2  

�9 2-Ethylhexyl  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  89 .4  1.7 1 . 4 6 7 5  

a B a s e d  o n  o x l r a n e - o x y g e n  d e t e r m i n a t i o n .  

TABLE III 
E p o x i d a t i o n  of D i m e t h y l  E s t e r  of t he  Acry l i c  Acid A d d u c t  w i t h  5 0 %  

H y d r o g e n  P e r o x i d e  a and  a n  I o n - E x c h a n g e  Res in  Ca ta lys t  

Wt .  of 
r e s i n  Excess  T ~ l e  
p e r  HsOz addi-  

double  
bond t ion 

g .  M o l e s  m i n .  

180 0.1 c 15 
__4  

180  0.1 c 
210 0.i 28 
210  0.2 48  
4 5 6  e 0.2 31 

Tem- 
pera -  
t u r e  b 

60 

R T - 6 0  
I~T-60 
R T - 6 0  

Iod ine  
va lue  

2 1 . 4  
3 .6  
5.9 
8.9 
2 .7  
4 .7  

~poxy 
Oxy- 
gen  

3.3 
3.3 
3.8 
3.0 

}ty- 
[roxy- 
aeet- 
oxy 

% 
5.1 
1.7 

10 .4  
6.6 

13.5  
6.9 85 .6  

Epoxi-  
da t ion  

% 
63.1  
92 .9  
81 .5  
80 .0  
82.5  

a I-Iydrogen perox ide  was  added  d r o  )wise to the r eac t i on  mix tu r e .  
b R T  ind ica t e s  add i t i on  of pe rox ide  at  room t e m p e r a t u r e  fol lowed by 

h e a t i n g  to t e m p e r a t u r e  s ta ted .  
c 3 0 %  hyd rogen  pe rox ide  used.  
a Th i s  r u n  r e p r e s e n t s  re -epox ida t ion  u n d e r  same condi t ions  of prod-  

n e t  ob ta ined  in  r u n  desc r ibed  i n  i l l ' s t  l i ne  of table .  
e I ) i  n-propyl  es ter  of a d d u c t  used in  th is  r u n .  

recovered a f te r  the first pass of the reaction mix- 
ture  through a molecular still. Except  for the pres- 
ence of objectionable traces of selenium compounds, 
these " c r u d e "  products  are not  distinguishable in 
thei r  ord inary  analyt ical  constants f rom the " p u r e "  
products.  

This procedure was used for p r epa ra t i on  of ad- 
ducts of methyl  esters of conjugated safflower f a t ty  
acids with acrylonitri le,  acrolein, and methyl  acryla te  
and for  the adduet  of conjugated safflower f a t t y  acids 
and acrylic acid. n-Buty l  and 2-ethylhexyl esters were 
p repared  f rom the crude acrylic acid adduct  by reflux- 
ing with three times the equivalent amount  of the de- 
sired alcohol in the presence of 3% of d ry  hydrogen 
chloride as a catalyst.  The esters were isolated by 
conventional means and purified as noted in Table I. 

Procedure 2. A three-necked flask, fitted with an 
efficient st irrer,  condenser, and gas inlet tube, is 
charged with an alkyl ester of conjugated safflower 
f a t t y  acids, the corresponding alkyl maleate in an 
amount  equivalent  to the total  f a t ty  ester and 2 g. of 
selenium mole of diene present.  The mixture  is heated 
under  a ni t rogen atmosphere with constant s t i r r ing 
for  2.5 hrs. at  230 ~ . Af te r  cooling the mix ture  
and removing the precipi ta ted selenium by filtra- 
tion, the product  is isolated and purified as indicated 
in Table I. 

Ep0xidation Reactions 

Epoxidat ions with peracetic acid (4) were con- 
ducted in the laboratories of the Carbide and  Carbon 
Chemicals Corporat ion by  P. S. Stareher.  Proper t ies  
of the products  are listed in Table I I .  
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Epoxidat ion of the dimethyl  ester of the acrylic 
acid adduct  with hydrogen peroxide and an ion-ex- 
change resin as catalyst  required minor modifications 
of the published procedure (3). Conditions yielding 
products  represent ing 80% or more of epoxidation 
are listed in Table I I [ .  

Summary 
Adduets  of dienophiles and alkali-conjugated saf- 

flower f a t t y  acids containing conjugated nnoleie acid 
in the cis,trans form were p repared  by heating the 
reactants  in the presence of setenium as a catalyst. 
The products  appeared to be identical to those pre- 
pared  f rom trans,trans conjugated linoleic acid so 
that  isomerization of cis-trans to trans,trans acids is 
eliminated as a separate  step. Although yields of 
pure product  were lower than desired because of 
difficulties in removing selenium, yields of crude ad- 
duets ranged f rom 64-82%. The adduets  obtained 
could be epoxidized with hydrogen peroxide and an 
ion-exchange resin as catalyst  in 80-93% yield or 
with peraeetie acid in 89-98% yield. 
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The Effect of Gamma Radiation on the 
Hydrogenation of Cottonseed Oil 
LYLE F. ALBRIGHT, LAWRENCE J. HARRISON, ~ and 
ALEXANDER SESONSKE, Purdue University, Lafayette, Indiana 

G 
AMMA RADIATION has been found to affect the 
rates of certain reactions. This radiat ion on 
interact ing with atoms of the materials  through 

which it is passing has the abil i ty to eject electrons 
which may  produce ions or free radicals, depending 
on the substances involved. The ions or free radicals 
may  promote desired reactions or may  cause reac- 
tions which would not occur otherwise. 

Gamma radiat ion significantly increases the rates 
of polymerization of ethylene (12, 13) and styrene 
(3). The common fea ture  of these addit ion-type of 
polymerizations is that  they all have a free radical 
meehanisnl. The reaction between chlorine plus ben- 
zene to produce benzene hexaehloride also has a free 
radical mechanism. Gamma radiat ion as well as ac- 
tinic light vigorously increases the rate  of this reac- 
tion (10). The radiat ion presumably  forms chlorine 
atoms f rom the chlorine molecule. 

When the l inear- type of polymers are exposed to 
gamma radiation, the propert ies  of the polymers fre- 
quently change. In  the ease of polyethylene (7, 11) 
the tensile s t rength and hardness increase and hydro- 
gen gas is released. Appa ren t l y  some of the hydro- 
gen atoms are knocked off of the polymer  chain, and 
cross-linkage between the chains results. In  the ease 
of polymethylmethaeryla te  however tensile strength 
decreases rap id ly  with i r radiat ion (7). Depolymeri-  
zation and chain cleavage are probably the main 
reactions. Both eross-linking and depolymerization 
occur in the polymers,  but  the dominant  reaction 
depends on the polymer.  

Atomic hydrogen is an effective hydrogenat ion 
agent  for  hexadeeene-1 and linseed o i l  even in the 
absence of a catalyst  (4). Some polymerization also 

~Present  address: Atomic Energy Division, Phillips Petroleum Com- 
pany, Idaho Falls, Idaho. 

occurs, indicat ing that  the atomic hydrogen reacts at 
the double bond to form a free radical. This radical 
can react with another hydrogen atom "to complete 
the hydrogenation,  or it can react with another radi- 
cal to form a dimer. 

Bur ton (6) bombarded oleic acid with deuterons. 
The i r radiated mater ial  contained 1.7% stearie acid, 
proving tha t  hydrogenat ion occurred. In  addition, 
52.5% of the oleie acid was converted to polynierized 
acid. Appa ren t l y  the  reactions involved were similar 
to those with atomic hydrogen. Ear l ier  Sheppard  and 
Bur ton (16) and  Breger  and Bur ton  (5) demon- 
s t rated that  paraffinic compounds were produced by 
the i r radiat ion of f a t ty  acids with alpha particles 
and deuterons. 

The effect of gamma radiat ion f rom Cobalt 60 was 
determined for  the oxidation reaction between oleie 
acid or methyl  oleate and oxygen (8). Radiat ion sig- 
nifieantly increased the rates of peroxide and car- 
bonyl formation.  Long and Proctor  (14) utilized 
high-energy cathode rays  to produce monoearbonyl  
eompounds f rom several vege tab le  oils. Radiat ion 
also decreased the amounts of triene groups. The 
presence of oxygen did not seem to have any signifi- 
cant effect on the production of monoearbonyls. Anti- 
oxidants tended in some cases however to suppress 
the monoearbonyl  formation. The mechanisnl of the 
reaction was not determined, but it appears  to be a 
complicated free radical type. Recently Pan, Gold- 
blith, and Proctor  (15) studied the effect of ionizing' 
radiat ion on the trans-isomerization of oleic acid and 
potassium oleate. 

No reference was found concerning the effect of 
gamma radiat ion on the hydrogenat ion of triglycer- 
ides. The results of such an investigation are reported 
here. 


