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read the t ransmit tance  at the 10.36 t~ maximum, con- 
ver t  to absorbance, and calculate the absorptivities. 
On the charts  draw a line through the absorption 
peak f rom 10.02 ~ to 10.59 ~ for  methyl  esters (or 
f rom 10.05 ~ to 10.67 ~ for t r iglyeerides) .  Measure 
the distance f rom the zero line of the recorder chart  
to the absorption peak (ab, F igure  1). Calculate the 
fract ional  transmission (be) as the distance to the 
absorption peak (ab) divided by the distance to the 
base line (ae),  convert to absorbanee, and calculate 
the "background  corrected absorp t iv i ty . "  Calculate 
the % trans isomer as methyl  elaidate (or tr ielaidin) 
f rom the equation: 

% trans as methyl  elaidate (or tr ielaidin) = 
asample (background corrected) 

• 100 
amethyl  elaidate (or tr ielaidin) 

(background corrected) 

where a = absorpt ivi ty  = A/be  

A = absorbanee = log 1 /T  
b = internal  cell length in centimeters 
e = concentration of solution in g./1. 

NOTB 1. P ro longed  b r e a t h i n g  of  CS~ vapors  is dangerous .  
This  solvent  should be hand led  only unde r  condi t ions  which 
provide adequa te  vent i la t ion ,  p r e f e r ab ly  unde r  a chemical  h o o d .  

NO~:E 2. Samples  of  these  secondary  s t a n d a r d s  will be m ad e  
avai lable  t h rough  the  Soeiety. Ques t ions  r ega rd ing  them should 
be addressed  to the  cha i rn lan  o f  the  Spect roscopy Committee,  
A.O.C.S., Box 19687, New Orleans  19, La.  

Noa'x 3. All nomenc la tu re  and  symbols  used  t h r o u g h o u t  th is  
me thod  and  those  sugges ted  by  the  Jo in t  Colnmit tee  on Nomen-  
c la ture  in  Appl i ed  Spect roscopy (Anal .  Chem., 24, 1349-1354 
[1952])  and  as adop ted  by the  Amer i can  Society for  Tes t ing  
Mate r i a l s  " T e n t a t i v e  Defini t ion of T e r m s  and  Symbols  Relat -  
ing  to Abso rp t i on  Spect roscopy '~ (2F-131-57-T). 

NOTE 4. For  th is  purpose  re ference  is made  to the  Amer i can  
Society for  T e s t i n g  Mater ia ls ,  Commit tee  E-13, on Absorp t ion  
Spect roscopy publ icat ion,  " P r o p o s e d  Recommended  Prac t i ces  
for  General  Techniques  of  I n f r a r e d  Quan t i t a t i ve  Ana lys i s ,  '~ 
copies of  which m a y  be ob ta ined  f rom A.S.T.3/I. Headqua r t e r s ,  
1916 Race s treet ,  Ph i l ade lph i a  3, Pa .  

Cyclization of Linolenic Acid by Alkali Isomerization 
C. R. SCHOLFIELD and J. C. COWAN, Northern Regional Research Laboratory, 2 Peoria, Illinois 

THOUC, It the conjugated dienoie acids formed by 
alkali isomerization of linoleie acid are ra ther  
stable upon fu r the r  heating with alkali, the 

products  f rom linolenie acid are not. Prolonged heat- 
ing of alkali-isomerized linolenie acid decreases the 
ul traviolet  absorption in both the diene and triene 
regions. For  example, Bradley  and Richardson (1) 
showed that  with linseed oil triene conjugation 
reaches a max imum and decreases dur ing heat ing 
with NaOH in ethylene glycol, diethylene glycol, or 
water. Mitchell et aI. (6) reported that  in the low 
concentration used for  analytical  determinations the 
absorption result ing f rom linolenic acid at  both 234 
m~ and 268 nlt~ decreases af ter  about 15 rain. at 180 ~ 

Kass and Bur r  (3) isolated pseudo-eleostearie acid 
(10,]2,14-oetadeeatrienoie acid) f rom linseed oil isom- 
erized with alkali. Previously unpublished work of 
this laboratory  (4) suggested the presence of a cyclic 
monomer. Pseudo-eleostearie acid is however the only 
compound that  has been obtained in a pure  state f rom 
alkali-isomerized linolenie acid, and the nature  of 
the other products  has not been determined. In  this 
paper  it is shown that  prolonged t rea tment  of lin- 
olenie aeid with alkaline ethylene glyeol produces a 
large amount  of cyclic monomerie material  together 
with small amounts of dimerie and other products.  
The monomer is believed to be similar to the one Mac- 
Donald (5) obtained f rom linseed oil and to those 
Paschke and Wheeler (10) and Rivett  (11) obtained 
f rom eleostearates by heat t reatment .  

Experimental 
Preparation and Isomerizatio~ of Methyl Linole- 

Rate. A concentrate containing 85% of methyl  lino- 
lenate was prepared  f rom perilla oil esters by  the 
urea  complex separat ion procedure of Pa rke r  and 

1 P r e s e n t e d  at  fall meeting, American Oil Chemists' Society, Chicago, 
Ill., October 20-22, 1958. 

This is a laboratory of the Norther~ Utilization Research and De- 
velopment Division, Agricultural Research Service, U.S. Department of 
Agriculture. 

Swern (9). Pure  methyl  linolenate was p repared  
f rom this concentrate by eountercurrent  distr ibution 
between acetonitrile and pentane-hexane. Details of 
this p repara t ion  will be described in another  paper  
(12). The result ing product  contained 1 0 0 %  methyl  
linolenate as measured by analytical  alkali-isomeriza- 
rich. Gas chromatography  indicated only a trace of 
impur i ty  ( < 0 . 0 1 % ) ,  which was probably  linoleate.  

A mixture  of 30 g. of methyl  linolenate, 30 g. of 
potassium hydroxide,  and 125 ml. of ethylene glycol 
was heated for  7 hrs. at 200~ under  nitrogen. Af te r  
cooling to 100~ water  was added and the reaction 
was refluxed for  a short time. The reaction mixture  
was cooled and acidified with dilute HeSO~. The 
acids were dissolved in ethyl ether, washed free of 
H2S04 with water,  and dried over sodium sulfate. 
This procedure was repeated with another  30-g. por- 
tion of methyl  linolenate, the two ether solutions 
were combined, and diazomethane was added to form 
methyl  esters. Af te r  the evaporation of the solvent 
the yield was 55.8 g. (93%).  

Fractionation of Isomerized Esters. A solution of 
90 g. of urea  in 300 ml. of methanol was added to the 
isomerized esters, and the mixture  was warmed to 
reflux and allowed to cool to room temperature .  The 
urea  adduct  was removed by  filtration on a Buehner  
funnel  and washed with ethyl ether. This ether was 
collected separately  f rom the methanol filtrate. The. 
three fract ions were t reated with water  containing a 
small amount  of hydrochloric acid, and the esters 
were recovered by  extraction with ethyl ether. The 
ether solutions were washed with water  unti l  neu- 
t ral  and dried over sodium sulfate. The solvent was 
removed under  vacuum. The weights of mater ial  
recovered in the fractions were: adduet, 2.40 g.; 
methanol filtrate, 36.20 g.; ether wash, 14.50 g. In- 
f ra red  and ultraviolet  absorptions of the fractions 
recovered f rom the methanol filtrate and ether wash 
were quite similar, and these fractions were com- 
bined. This combined mater ial  was again t reated 
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with urea as before, except that it was cooled to 
0~ before filtration. No additional adduet-forming 
material was obtained. 

Nonadduet-forming material recovered from this 
urea treatment was distilled under vacuum through 
a Vigreaux column, b.p. 154~ ~ <0.1 ram. pres- 
sure. Yield of distillate from 50 g. was 40.63 g. 
(80.3%), and yield of residue was 6.85 g. (13.9%). 
After  correcting for losses, the isomerized esters were 
estimated to contain 4.5% of urea-adduet-forming ma- 
terial (AF) ,  13.7% of nonurea-adduct-forming poly- 
merle, nondistillable, material (NAP) ,  and 81.8% of 
nonurea-adduet-forming monomeric, distillable, mate- 
rim (NAM). Ultraviolet absorptions of these three 
fractions are shown in Figure  1 with their infrared 
absorptions in Figure  2. Molecular weights measured 
by eryoscopy in benzene were 296 for NAM and 570 
for NAP. 

Hydrogenation of Esters. Unsaturation of the frac- 
tions was measured by determining the hydrogen 
uptake in ethyl acetate solution, using platinum ox- 
ide catalyst. Results calculated as iodine ~alues were: 
AF  220, NAM 128, and NAP 57. The hydrogenated 
A F  fraction melted at 36 ~ to 37 ~ (methyl stearate, 
m.p. 38~ The hydrogenated NAM was an oily liquid. 
A Wijs iodine value of 30 was obtained for the hy- 
drogenated product ;  this value indicates that  either 
hydrogenation was not complete or that  some sub- 
stitution of halogen occurred. Only 4% of the hydro- 
genated NAM formed an adduct with urea;  therefore 
most of the material was of a cyclic or branched 
structure. Examination of the ultraviolet absorption 
spectrum of the hydrogenated NAM showed that the 
maximum at 238 m/, had disappeared. Only a gen- 
eral absorption, increasing at shorter wavelengths 
with small peaks at 265 and 272 m~, was found. 

The hydrogenated N A P  fraction had a Wijs iodine 
value of 44. As with the NAI~i fraction, this may 
indicate either incomplete hydrogenation or substitu- 
tion of hMogen. 

Aromatization and Oxidation. To establish the cy- 
clic nature of the NAM, several portions were treated 
with N - b r o m o s u c e i n i m i d e  and  dehydrobromina ted  
with dimethylaniline to give an aromatic compound. 
The procedure was similar to those previously used 
in the study of cyclic monomers from heat-treated 
eleostearates and linseed oil (5, 10, 11). For  example, 
a mixture of 3.21 g. of N-bromosuecinimide and 5.21 
g. of NAM in 50 ml. of carbon tetrach]oride was 
refluxed 45 min., cooled, and filtered. The insolub]e 
suceinimide weighed 1.68 g. (theory, 1.78 g.). Titra- 
tion with thiosulfate showed that it contained only 
0.23% unreaeted N-bromosueeinimide. After  the car- 
bon tetrachloride was evaporated, the residue was 
sealed in a tube with 8.5 ml. of dimethylaniline and 
heated 1 hr. at 130~ The mixture was transferred 
to a separatory funnel that  contained pentane-hex- 
ane and hydrochloric acid (10 ml. concentrated HC1 
diluted to 50 ml.). The pentane-hexane solution was 
washed six times with hydrochloric acid, then with 
water until neutral. I t  was dried over sodimn sul- 
fate, and the solvent was evaporated to yield 4.99 g. 
of product. This was distilled under diminished pres- 
sure from an alembic flask : from 139 ~ to 154 ~ 3.71 g. 
distilled and from 154 ~ to 170 ~ (pressure, <0.1  ram.) 
an additional 0.54 g. of darker material distilled. The 
infrared and ultraviolet absorptions of the material 
distilling at 139 ~ to 154 ~ arc shown in Figures  2 
and 3 (dotted line). The ultraviolet absorption of the 
dehydrobrominated esters was found to be somewhat 
different for each preparation. A minimum was al- 
ways found at 229 m/~. The maximum varied from 
238 to 248 m~. The absorptivity at the maximmn 
varied from 11 to 25 and was usually greater when 
the maximum was at longer wavelength. The smaller 
peak at 271 m~ was usually found and was more 
pronounced when the absorptivities were low. The 
absorption curves seem to be of the type produced 
by a mixture in which several absorption peaks are 

IR SPECT~,A OF LINOLEHIC ISOMERS 

WAVE LENGTH tN MICRONS 
FIG. 2. Infrared spectra of ~isomerizecl" ]inolenate frac- 

tions: carbon disulfide solution -- 1%, l-ram, cell. 
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me thano l  so lu t ion ,  1-cm. cell (do t ted  l ine) C = 0.1264 reg. /ni l .  
t~o~2 = 11.6. Ul t rav io le t  absorp t ion  spec t rum of f r ac t ion  ob- 
t a i ned  f rom :NA~[ by coun te rcu r ren t  d i s t r ibu t ion  between 2N 
AgNOa in  90% me thano l  and  penta.ne-hexane (solid l ine) .  
Methano l  solution,  1+era. cell C = 0.1116 mg . / ml ,  a,~+ = 18.6. 

superimposed upon a general absorption increasing 
at shorter  wavelengths. 

A 1.62-g. sample of armnatized material  was re- 
fluxed with 3.48 g. of NaOH in 50 ml. of water, and 
20 g. of KMnO4 were added in several portions. The 
permanganate  color remaining in the superna tant  
liquid was destroyed by  adding ethyl alcohol. The 
reaction was made acid with hydrochloric acid, and 
sulfur  dioxide was passed in to react with the man- 
ganese dioxide. The solution was sa tura ted  with NaC1 
and extracted six times with ethyl ether. The ether 
solution was dried over NaeSO4 and evaporated to 
give 0.69 g. of residue. This residue was extracted 
with pentane-hexane to remove 0.08 g. of an oily 
mater ial  and leave 0.60 g. of a brown powder. The 
powder was sublimed twice, gi~dng 0.29 g. of sub- 
limate. The ultraviolet  absorption spect rum of this 
sublimate in 1N HC1 was quite similar to that  of 
pure  phthalie anhydride.  However  the absorpt ivi ty  
at 275 m/, was lower, indicat ing 80% phthalie anhy- 
dride in the sublimate. Thus the phthalic anhydr ide  
recovered f rom the oxidation represented 28% o~ the 
theoretical yield, assmning s tar t ing  nmterial  to be 
all aromatic. Af te r  reerystall izing the sublimate twice 
f rom benzene, a yield of 74 rag. of mater ia l  was ob- 
tained, m.p. 128 ~ to 131 ~ (phthalic anhydr ide  m.p. 
130.8). 

Fractionation of NAM. The NAM could be sep- 
ara ted both by  countereurrent  distr ibution and by  
gas chromatography  into fractions having different 
ul traviolet  absorption spectra. Although the NAM 
was not completely separated into pure  components, 
these techniques did demonstrate  its heterogeneity. 

The most complete separat ion was obtained by 
countereurrent  distr ibution between pentane-hexane 

and 2N AgNOa in 90% methanol, a system similar 
to tha t  studied by  Nichols (7). Wi th  this system 
approximate ly  20% of the monomer can be obtained 
in a f ract ion with par t i t ion coefficient of 2.2. This 
mater ial  had a maximum absorpt ivi ty  at 264 mr, of 
18.6. I ts  ultraviolet  absorption is shown in F igure  3 
(solid line). The remainder  of the monomer was 
found in a single peak with a par t i t ion coefficient of 
7.3. The ultraviolet  absorption in general resembles 
that  of the original NAM. However  there are marked  
differences both in absorpt ivi ty  and in the shape of 
the ul traviolet  absorption curves among the different 
tubes f rom this peak. I f  the N A P  is not previously 
removed by  distillation of the NAM, it passes through 
the countercurrent  distr ibution appara tus  rap id ly  
with a par t i t ion coefficient of about 40. 

Countercurrent  distr ibution of NTA1V[ between aee- 
tonitri le and pentane-hexane  was less successful. 
Only one broad band with a par t i t ion coefficient of 
3.1 was obtained. However  a small amount  of mate-  
rial  with ultraviolet  absorption similar to tha t  in 
F igure  4 was obtained (a272 = 17.2) in the first frac-  
tions of this band to emerge f rom the instrument.  
Other tubes differed among themselves in a manner  
similar to tha t  found in the distr ibution between 
pentane-hexane and methanolic silver nitrate.  

RCH--CHCH2CH--'CHCH2 CH--CHR' 

KOH 1 200~ 
RCH2CH--CHCH"-CHCH-'CHCfl2R' g 

Cyclic Isomers (6?1 l i t  

~,~ CH2R NAM - 80% 

~ c.2R' [oL ~ c o  
c . 2 ~  ~ ~ c ~  ~ 

I v  

R =CH3CH2" 
R'='(CH2)7CO2H 
FIG. 4. Sugges t ed  s t ruc tu res  for  some in t e rmed ia t e s  and  

products  f r o m  linolenic acid, 

4H 

~ CH2R' isomers (3) 

CH2R 

Zi 

The N A N  could also be fraet ionated by  gas chro- 
ma tography  by using l~esoflex 296 oil Celite at  20'4 ~ 
At  least seven incompletely separated components 
appeared to be present.  The eluent gas was collected 
in methanol in eight fractions, and the ul traviolet  
absorption was measured. These fract ions differed 
among themselves much as those obtained by counter- 
current  distr ibution did. One f ract iou represent ing 
10% of the eluate was again quite similar to F igure  
4. The NAM was elated ra ther  slowly; most of it  
passed through the cohmm more slowly than  lino- 
lenate. By  contrast  hydrogenated NAM gave three 
incompletely separated bands, which were eluted more 
rap id ly  than  methyl  linolenate. 
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Discussion 
Alkali isomerization of linolenic acid (I)  yields a 

mixture of products. Under the conditions described 
about 80% of NAM is formed. This NAM is a com- 
plex mixture as shown by countereurrent  distribution 
and gas chromatography. I t  has not been completely 
fractionated, and the number and structure of its 
components are not known. The reactions shown in 
Figure  4 give suggested 's t ructures  for some of the 
intermediates and products obtained by alkali isom- 
erization of linolenic acid and subsequent t reatment  
of the products. Roman numerals given in this dis- 
eussion refer  to Figure  4. 

The first step in the reaction is probably the for- 
mation of triene conjugation ( I I ) ,  followed by the 
formation of a eyelohexadiene s t ructure  ( I I I )  as 
suggested for eleostearate by Pasehke (10). This 
cyelohexadiene may rearrange to a number of con- 
jugated diene structures as listed by Rivett  (11). I t  
is also possible that  the cyclic s t ructure nlay act as a 
hydrogen donor and disproportionate to give some 
aromatic compounds ( IV) .  Slansky has reported for- 
mation of stearic acid during alkali isomerization of 
linseed oil (13). 

I f  the NAM is formed from a triene-conjugated 
intermediate ( I I ) ,  it would be expected to resemble 
the cyclic monomers formed from eleostearate. Al- 
though the cyclic monomers formed by heating methyl 
eleostearate (10, 11) and linseed oil (5) have been 
converted to aromatic compounds and oxidized to 
phthalie acid, they differ among themselves in their  
ultraviolet and infrared absorption. Our NA~{ re- 
sembles the monomer described by Paschke more 
elosely than it does the others. 

As indicated in Figure  1, the AF still had some 
triene conjugation as shown by the three peaks in 
the triene region. This conjugation corresponds to 
only about 7% of conjugated linolenate. In  addition, 
it had a maximmn absorption in the diene region 
equivalent to about 60% of trans,trans-eonjugated 
esters. This diene may be formed by a shift of the 
middle double bond in linolenie acid, producing diene 
conjugation and leaving two methylene groups be- 
tween the conjugated system and the remaining dou- 
ble bond or by a shift of only one of the other double 
bonds to produce a conjugated diene system. I t  may 
also be caused by part ial  hydrogenat ion with the 
cyclic compounds acting as hydrogen donor and ac- 
eeptor. This explanation is supported by the hydro-  
gen-iodine value of 220 for AF, which indicates tha t  
some unsaturat ion has been lost. Because of the 
small amount of material, no fu r the r  fractionation 
was attempted. 

The absorption curve for NAM is quite similar in 
shape to that  reported by Paschke, but  it has a higher 
absorptivity at the maximum. The maximum absorp- 
tion is at 238 m~ with a shoulder extending to higher 
wavelengths. The NANf contains a number of sub- 
stances with different ultraviolet absorption charac- 
teristics. I t  contains about 20% of material with a 
maximum absorption at 264 mtL as shown in F igure  3 
(solid line). Although 1,3-eyelohexadiene itself has 
a maximum absorption at 256 m~ (2), Rivett  (11) 
predicts that the 1,2-disubstituted 3,5-eyelohexadiene 
( I I I ) ,  which should be the first product  of ring for- 
mation, will absorb near 270 mt~. Other conjugated 
eyclohexadiene derivatives will absorb at shorter 
wavelengths. Such absorption would also be pre- 

dieted from the values found for conjugated terpene 
hydrocarbons by O'Connor and Goldblatt (8) The 
absorption curve for NAP resembles that  for NAM, 
but its niaximum is at shorter wavelength. 

The infrared spectrum of the A F  fract ion has a 
band at 10.15 ~ corresponding to trans,trans conjuga- 
tion. In  the spectrum of NAM no bands are present 
in the 10 ~ region corresponding to trans,trans or 
cis,trans conjugation This is additional evidence for 
the existence of a ring structure.  

As previously stated, the ultraviolet absorption of 
the aromatic materiM (IV)  prepared by dehydro- 
bromination seems to indieate a mixture of materials. 
Although this mixture  undoubtedly reflects the com- 
plexi ty of the NAM, it is also t rue that  Ziegler (14) 
was unable to isolate any definite product  on treat- 
ing 1,3-eyelohexadiene with N-bromosuceinimide. Our 
ultraviolet absorption curves are quite similar to those 
reported both by Paschke and MacDonald. This simi- 
l a r r y  is also found in the inf rared region. A band 
siniilar to the one at 13.1 to 13.3 ~, which is charac- 
teristic of ortho-disubstituted benzenes, was found by 
both in their aromatized monomers. 

The fai lure of the hydrogenated NAM (VI)  to 
form an urea adduct  must be caused either by the 
presence of a ring or branched chain in the molecule, 
and the formation of an aromatic compound which 
can be oxidized and converted to phthalie anhydride 
(V) shows that  at least a large par t  of the NAM 
must contain a 6-earbon ring. 

Summary 
Methyl linolenate was isomerized by heating in an 

alkaline ethylene glycol solution for 7 hrs. at 200 ~ 
Methyl esters of the isomerized acids were treated with 
urea in methanol, and the nonurea-adduct-forming 
fract ion was distilled. The isomerized esters consisted 
of 81.8% of nonurea-adduet-forming monomeric dis- 
tillate (NAM), 13.7% nonurea-adduet-forming poly- 
meric nondistilIable material, and 4.5% of urea ad- 
duet-former. 

The NAM has a maximum absorption in the ul- 
traviolet region at 238 ni~. Ultraviolet absorption 
extends into the region associated with triene con- 
jugation, but  the characteristic s t ructure  of triene 
absorption is absent. In f ra red  absorption bands in 
the 10 ~ region ordinar i ly  found with trans,trans 
or cis, trans are absent. The NAM is shown to contain 
a cyclic monomer by t reatment  with N-bromosue- 
cinimide, followed by dehydrobromination with di- 
methylaniline. The resul tant  product  was oxidized 
to phthalic acid with permanganate.  

The NAM was separated both by countereurrent  
distribution and by gas chromatography into frac- 
tions having different ultraviolet  absorption spectra. 
However complete fractionation of the mixture into 
its pure components has not yet been achieved. 
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Castor Oil-Derived Plasticizers. Some Nitrogen-Containing 
Derivatives as Plasticizers for Vinyl Chloride-Vinyl 
Acetate Copolymer and Cellulose Acetate Resins 
FRANK C. MAGNE, HAROLD P. DUPUY, and LEO A. GOLDBLATT, 1 Southern Regional 
Research Laboratory, "~ New Orleans, Louisiana 

A TZ4OUG~ simple esters of ricinoleic acid are not 
compatible with polyvinyl chloride, some of 
their acyl and aroyl derivatives are satisfactory 

plasticizers; furthermore the diaeetate of ricinoleyl al- 
cohol is an excellent low-temperature plasticizer (5, 
7). Since the acyl, earbonyl, morpholino, cyanoethyl 
ether, and some ester groups are good plasticizing 
functional groups (1, 2, 5, 7), prior work in this labo- 
ratory was directed toward the preparation of com- 
pounds, from methyl rieinoleate, possessing some of 
these groups, in extending the scope of suitable deriv- 
atives of ricinoleie acid as primary plastieizers (3, 4). 

I t  is the object oi this communication to report the 
screening of some of these derivatives of ricinoleic acid 
(12-hydroxy-9-octadecenoic acid, the principal compo- 
nent of castor oil) as primary plasticizers for vinyl 
chloride-vinyl acetate eopolymer resin. The plasticiz- 
ing efficiency of 

4-rieinoleoylmorpholine, 
4- ( 12-hydroxystearoyl ) morpholine~ 
4- (12-acetoxyoleoyl) morpholine, 
4- (12-acetoxystearoyl) morpholine, 
4- (12-fi-eyanoethoxyoleoy]) morpholine, 
4- (12-fl-cyanoethoxystearoyl) morpholine, 
1,12-b is ( fl-c yanoethoxy )-9-octadecene, and 
1,12-bis(fl-cyanoethoxy) oetadecane 

were intercompared with DOF, di(2-e thylhexyl)  
phthalate. Their compatibilities with cellulose acetate 
were also evaluated. 

Experimental 

The following nitrogen-containing derivatives of 
ricinoleic acid were prepared in pure form according 
to the general procedure described previously by 
Dupuy et at. (3, 4). 

4-Ricinoleoylmorpholine. Methyl ricinoleate was re- 
fluxed with 100% excess of morpholine for a 36-hr. 
period, at a temperature just suffieie~t to liberate the 
methanol evolved from the reaction mixture but not 
enough to distill off the morpholine. After the excess 

1 Presen t  address :  Western  Utilization l~,esearch a.nd Developmen~ 
Divisimt, Agr icu l tura l  Research Service, U. S. Depar tment  of Agricul-  
ture,  Albany, Calif. 

2 One of the laboratories of the Sont.her~ Utilization ]~es~arch and 
Development Division, Agr icu l tura l  Research Service, U. S. Depart-  
ment  of Agricul ture .  

morpho,line was distilled under reduced pressure; 
4-ricinoleoylmorpholine was isolated by rapid, vac- 
uum distillation, b.p. 243-246~ ram. 

Anal. Calcd. for Co.2H41NOa: C, 71.88; H, 11.24; 
N, 3.81; OH, 4.63. Found: C, 71.47; I-I, 11.02; N, 3.80; 
OH, 4.68; n 25/D 1.4891; a 25/1~ 4.27. 

4-(12-Hydroxystearoyl)morpholine. The morpho- 
lide of methyl 12-hydroxystearate was prepared as 
described above; b.p. 245-249~ ram. Crystal- 
lizations from petroleum ether, Skellysolve B, gave a 
product of constant melting point, 52.5-53.0~ 

Anal. Calcd. for C~2H4~NOs: C, 71.49; I-I, 11.73; 
N, 3.79; OH, 4.60. Found: C, 7].53; H, 11.79; N, 
3.75; OH, 4.59. 

4- (12-Acetoxyoleoy~)morpholine 4-Ricinoleoylmor- 
pholine was refluxed with an equal weight of acetic 
anhydride for 2 hrs. After the excess acetic anhydride 
and acetic acid were distilled under reduced pressure, 
4- (12-aeetoxyoleoyl) morpholine was isolated by rapid, 
vacuum distillation, b.p. 230-234~ ram. 

Anal. Calcd. for C2~H4aN04: C, 70.37; H, 10.58; 
N, 3.42. Found: C, 69.99; I-I, 10.53; N, 3.24; n 25/D 
1 . 4 7 8 9 ;  a T M  20.02. 

4-(12-Acetoxystearoyl)morphoHne. 4- (12-I-Iydroxy- 
stearoyl) morpholine was acetylated as described above. 
The 4-(12-acetoxystearoyl)morpholine was distilled at 
234-235~ C./0.2 ram. 

Anal. Caled. for Ce4It4.~N0~: C, 70.03; H, 11.02; 
N, 3.40. Found: C, 69.62; H, 11.17; N, 3.24; n ~5/D 
1.4709. 

z, O ~-(L.-fl-Cyanoethoxyoleoyl)morpholine. The eyano- 
ethylated derivative of 4-ricinoleoyhnorpholine was 
prepared in the following manner. The morpholide 
was dissolved in an equal weight of dioxane; then 
water (10% by weight) and benzyltrimethylammo- 
nium hydroxide (10% by weight of a 40% methanol 
solution) were added. This reaction mixture was 
stirred and heated to 50~ then 100% excess o~ 
acrylonitrile was added dropwise. The exothermie 
reaction was moderated with an ice-water bath when 
the reaction temperature rose above 85~ After all 
the acry]onitrile was added, the reaction was contin- 
ued for 3 hrs. and the temperature was maintained 
between 60 and 70~ The hot mixture was poured 
slowly into 3 volumes of diethyl ether to precipitate 


