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for vinyl resins. Their performance il:l a series of 
additional epoxy plasticizers of vegetable and marine 
origin is described. Novel epoxy plastieizers based 
upon mixed aeetylated mono- and di-glyeeride have 
been prepared and are found to have excellent plasti- 
cizer performance. 
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Evidence for Cyclic Monomers in Heated Linseed Oil 1 
J. A. MACDONALD, Division of Applied Biology, National Research Laboratories, Ottawa, Canada 

T 
H E  D I S T I L L A B L E  E T H Y L  ESTERS prepared from 
heated linseed oil have been shown by Wells and 
Common (24) to contain a fraction that fails to 

form an adduct with urea. Part  of the deleterious 
effect of heated linseed oil on the nutrition of the rat 
(9, 11) is associated with this non-urea-adduct-form- 
ing distillable fraction (NAFD) (10). 

Wells and Common (24) have suggested that the 
failure of NAFD to form an adduct with urea may be 
due to the presence of a non-terminal ring structure. 
The presence of cyclic monomers among the products 
of the heat treatment of glycerides and fat ty esters 
has often been suggested (e.g., 5, 21), but until re- 
cently the evidence for them has been indirect. 
Phthalic acid has been detected, by means of color 
reactions, among the products of the oxidation of 
heated linseed oil (7). Boelhouwer, Jol, and Water- 
man (4), employing a graphical-statistical method of 
ring analysis, showed that the monomeric products 
obtained from the heat treatment of linseed oil con- 
tain ring compounds. Mehta and Sharma (17) con- 
cluded that intra-acyl cyclization during the early 
stages of the heat-bodying of linseed oil is the chief 
cause of the initial rapid drop in iodine number with- 
out corresponding increase in molecular weight. 

Recently Paschke and Wheeler (18) obtained di- 
rect chemical evidence for the existence of six-mem- 
bered rings in the monomeric products of the heat 
treatment of methyl eleostearate. The heat treatment 
of various esters, and of sunflower seed oil, yields 
dimeric products which have been shown by Cling- 
man, Rivett, and Sutton (8) to be cyclic. However 
no such chemical evidence has been obtained for cy- 
clic compounds in the monomeric products from un- 
conjugated esters or glycerides. 

In the present investigation evidence for cyclic 
monomers in the NAFD of heated linseed oil has been 
obtained by methods involving aromatization via 
allylic bromination and dehydrohalogenation, fol- 
lowed by oxidation to a simple aromatic acid (8, 18). 

Experimental 2 

Preparation of NAFD. Alkali-refined and bleached 
linseed oil was stripped at 170°C. in a centrifugal 

1 l ssued as ~.R.(~. No. 4 0 0 L  
Melting points are uncorrected.  

molecular still 3 and then heated at 275 ± 3°C. for 
12 hr. A stream of purified nitrogen sufficient to 
maintain vigorous agitation was passed through the 
oil during the heating period. The heated oil had the 
following characteristics: kinematic viscosity (Fenske 
viscometer), 306 centistokes at 25°C.; n5 °, 1.48533; 
iodine number (4 hr., Benham and Klee method [14, 
15]), 163. It was converted to ethyl esters by alkali- 
catalyzed ethanolysis, and the esters were distilled in 
the centrifugal molecular still. Fi f ty  per cent of the 

3Model No. CMS-5, manu fac tu r ed  by Distillation Products  Indus-  
tries. The pressure  in the system was one micron when distillation 
was not in progress.  
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FIG. 1. U l t r a v i o l e t  s p e c t r a  o f  N A F D  ( C u r v e  A )  a n d  a ro -  
m a t i z e d  N A F D  ( C u r v e  B )  i n  i s h o c t a n e  a t  c o n c e n t r a t i o n s  o f  
0 .347  a n d  0 . 4 0 4  g . /1 .  r e s p e c t i v e l y .  
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FIG. 2. Infrared spectra. A. Ethyl esters of unheated lin- 
seed oil acids. B. NAFD. C. Adduct-forming distillable esters. 
D. ~educed NAFD. E. Aromatized NAFD. Spectra were run 
on the undiluted oils. 

solid (m.p. 119-126°C.),  which was not investigated 
fur ther .  

The use of one mote of N-bromosuccinimide per  
mole of NAF.D with benzene as solvent in the initial  
brominat ion (18) did not increase the yield of ' f ina l  
product.  

Aromatization and Oxidation, Method II. N A F D  
(2.0 g., 6.5 millimole) was brominated with N-bromo- 
succinimide (8.1 g., 45.5 millimole), dehydrohaloge- 
hated with N,N-diethylaniline, and oxidized with per- 
manganate  (8). The aqueous solution result ing f rom 
the oxidation reaction was extracted with ether, acid- 
ified with hydrochloric acid, concentrated to 175 ml., 
and extracted with eight 30-ml. portions of ether. 
The lat ter  ether extracts were dried over anhydrous  
sodium sulfate and concentrated in vacuo to an oil 
which was sublimed at 0.02 ram. The oily sublimate 
that  collected below 100°C. was discarded;  the subli- 
mate that  collected at  100-130°C. consisted of white 
crystalline mater ial  on the uppe r  par t  of the cold 
finger, and a brown amorphous deposit on the lower 
part .  Resublimation of the white crystals yielded 
0.0106 g. (1.1% of theory, based on N A F D )  of ma- 
terial  melt ing at 129.3-131.0°C.; mixed m.p. with 
authentic phthalic anhydride,  131.0-132.4°C. ; m.p. of 
authentic phthalic anhydr ide  in the appara tus  em- 
ployed, 131.6-132.8°C. A port ion of the mater ial  
melting at 129.3-131.0°C. was converted to the imide 
by  heat ing with urea at 130-135°C. for 20 min. (22). 
The product,  a f te r  reerystall ization f rom ethanol- 
water, consisted of white needles melt ing at 232.5- 
234.0°C.; mixed m.p. with authentic phthalimide, 
233.7-235.0°C. ; m.p. of authentic phthalimide, 234.0- 
235.0°C. 

In  a second experiment  a 1.28% yield of phthalic 
anhydr ide  was obtained. 

esters were collected at a t empera tu re  of 60°C., and 
a fu r the r  21% at 70°C. 

When the esters collected at 60°C. were t reated 
with urea  (24), 12.2% of the mater ial  failed to fo rm 
an adduct.  This fract ion ( N A F D )  had the following 
characteristics: n~, 1.47195; iodine number,  180; 
saponification equivalent, 307 ; molecular weight (cry- 
oseopy in cyclohexane),  300. The ultraviolet  spec- 
t rum of N A F D  is shown in Fig. 1A and the inf rared  
spectrum in Fig. 2B. For  comparison, the inf rared  
spect rum of ethyl esters of unheated linseed oil acids 
(prepared  by alkali-catalyzed ethanolysis and dis- 
tilled at 0.02 ram.) was also obtained (Fig. 2A).  

Hydrogenation of NAFD. A sample of N A F D  in 
ethanol was hydrogenated in the presence of Adams '  
catalyst. About  2 moles of hydrogen per mole of es- 
ter was absorbed. Only 3.3% of the reduced product  
formed an adduct  with urea. 

Aromatization and Oxidation, Method I. A mixture  
of 2.88 g. (9.36 millimole) of NAFD,  11.7 g. (65.7 
millimole) of N-bromosuecinimide, and 40 ml. of car- 
bon tetrachloride was st irred at reflux temperature ,  
under  nitrogen, for 9 hr. The product,  a f te r  dehydro- 
halogenation with 2,4,6-collidine (18), gave 0.50 g. of 
dark  brown oil distilling in the range 148-158°C. 
(0.02 toni.) . The ultraviolet  and inf rared  spectra of 
this mater ial  are shown in Figures  1B and 2E, re- 
spectively. The distillate was oxidized by the method 
of Paschke and Wheeler (18), which invoIves fu r the r  
t rea tment  with N-bromosuecinimide. Sublimation of 
the oxidized material  yielded only 0.0014 g. of white 

Discussion 
The fai lure of N A F D  to form a urea  adduet  indi- 

cates tha t  it has a non-linear s t ructure  (24). I t  was 
considered possible that  nou-lineari ty associated with 
double bonds contributed to this failure. Hydrogena-  
tion of N A F D  however yielded a product  tha t  still 
failed to form an adduct. Therefore  the non-lineari ty 
of the carbon skeleton alone is apparen t ly  sufficient to 
prevent  adduct  formation.  

The inf rared  spectrum of N A F D  (Fig. 2B~ has 
two peaks, at 970 and at 660 era. -1 (10.3 and 15.2 ~), 
that  are not present  in the spectrum of the esters of 
unheated linseed oil acids (Fig.  2A).  Both of these 
peaks, as well as the smaller one at  1650 cm. -1 (6.06 
~), are absent ill the spectrum of hydrogenated  
N A F D  (Fig. 2D). The spectrum of the adduct-form- 
ing distillable esters (Fig. 2C) also exhibits the 970 
era. -1 peak but lacks the 660 em. -1 peak. The band at 
660 em. -1 is thus a distinguished feature  of the spec- 
t r um of NAFD.  

The absorption at 970 era. -1 is probably due to a 
trans disubsti tuted double bond (20) ;  that  at 660 
cm. -1, al though outside the usual range (729-675 
era. ~ [13.71-14.82 ~] [16] ), may  be due to the C - - H  
out-of-plane deformation of a cis disubsti tuted double 
bond. A number  of compounds that  have double 
bonds in six-membered rings exhibit absorption near  
660 cm. -1. Cyclohexene has a band at 670 cm. -~ (14.97 
~) (1). Bands at  663 and 671 cm. -~ (15.1 and 14.9 ~) 
are characteristic of ~2 .  and A3-steroids, respec- 
t ively (13). The methyl  ester of 2-methyl-a-cyclo- 
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geranic acid (23), cis ~-ionone (6), and l-a-phellan- 
drene (19) also absorb in this region. On the other 
hand, certain steroids with cyclic double bonds in 
positions other than 2- or 3- lack such absorption 
(12). Although absorption in this region is not lim- 
ited to compounds with cyclohexene structures, the 
band at 660 cm. -~ in the spectrum of NAFD may in- 
dicate the laresence of a double bond in a six-mem- 
bered ring. 

The infrared spectrum (Fig. 2E) of the material 
obtained from NAFD by bromination and dehydro- 
halogenation with collidine possesses a band at 747 
cm.-: (13.4 t~)' that is characteristic of o-disubstituted 
benzene derivatives. A small band at 1597 cm.-: (6.26 
~) and a shoulder at 1480 cm. -~ (6.76 ~) are also 
present; bands of variable intensity in these regions 
are characteristic of aromatic compounds (2). In the 
ultraviolet (Fig. 1B) absorption due to aromatic com- 
pounds is probably obscured by the strong absorption 
of conjugated double bonds at 235 mt~. The evidence 
for an o-disubstituted benzene derivative further in- 
dicates that at least one compound with an unsatu- 
rated six-membered ring structure is present in 
NAFD. 

Direct evidence for the presence of such material is 
provided by the isolation of phthalic anhydride from 
the product of the aromatization and oxidation of 
NAFD. The low yield of phthalic anhydride may in- 
dicate that only a small part of the NAFD has the 
unsaturated six-membered ring structure, or it may 
indicate that large losses occurred in one or more of 
the reactions involved. The reasons for the difference 
in the yields obtained by methods I and II  are not 
apparent. It  is possible that method I gives optimal 
results only when applied to conjugated cyclohexa- 
dienes; the lack of significant absorption above 255 
m~ in the ultraviolet spectrum of NAFD probably 
indicates that NAFD contains little or no conjugated 
cyelohexadiene (25). 

Since N-bromosuccinimide is a free radical reagent, 
the possibility that a free-radical-induced cyclization 
gave rise to the cyclic precursor of phthalic anhy- 
dride during the bromination step cannot be ex- 
cluded. A mechanism whereby a cyclization of this 
type might occur has been outlined by Bloomfield (3) 
in explaining the action of N-bromosuceinimide o1~ 
rubber. Bloomfield did not isolate any of the pro- 
posed cyclic material. If  such a cyclization had oc- 
curred in the aromatization of NAFD, a higher yield 
of phthalic anhydride might have been expected from 
those experiments (aromatization and o x i d a t i o n ,  
Method I) in which two treatments with N-bromosuc- 

cinimide were employed than from those in which N- 
bromosuccinimide was used only once (aromatization 
and oxidation, Method II) .  Higher yields were in 
fact obtained by Method II. 

Summary 
The monomerie, non-urea-adduct-forming material 

from the ethanolysis of heated linseed oil exhibits an 
infrared absorption band at 660 em.-: (15.2 ~). This 
absorption is not present in the spectrum of the esters 
of unheated linseed oil acids or in that of the adduct- 
forming esters prepared from heated linseed oil. The 
m o n o m e r i e ,  non-urea-adduet-forming material, on 
aromatization and oxidation, yielded about 1% of 
phthalic anhydride, thus providing chemical evidence 
for the existence in this material of a compound con- 
taining an unsaturated six-membered ring. 
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Extraction of Corn Oil by Three Petroleum Solvents 
LIONEL K. ARNOLD and WILLIAM E. ROWE, Engineering Experiment Station, 
towa State College, Ames, lawa 

R 
ECOVERY of 99% of the oil in wet-milled corn 

germs is being obtained industrially by prepress- 
ing, followed by extraction with commercial hex- 

ane (4). The possibility of direct extraction without 
prepressing deserves consideration. It also appears 
desirable to consider the possibility of more efficient 
extraction by petroleum solvents other than the hex- 
one fraction. In the current work, extraction rates 

were determined in the laboratory using three petro- 
leum fractions: hexane, heptane, and iso-heptane. 

Rate-Extractions 
Apparatus. The rate-extraction apparatus employed 

was a batch, co-current type of laboratory column ex- 
tractor shown in Figure 1. The equipment was some- 
what modified from that shown by Arnold, Sweeney, 


