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product therefore is predominantly a thio-ether. The 
C-S band, a very weak band, appears at 657 era. -1. 

Carbonyl Absorption. Two strong bands Of ap- 
proximately equal intensity appear in the carbonyl 
region, as opposed to one in methyl stearate, in all 
cases where the aromatic ring contains an hydroxyl 
group. 

Normal t tydrogen- 
C=O bonded 

Compound vibration O=O 
am.- i vibration 

cm .-1 

~cthyl  (o [p ] -hydroxyphenyl) stearate 
(liquid) ............................................... 1741-1735 1720-1712 

~ethyl  ( 2 [ 4 ] -hydraxy-4 [ 2 ]- 
methylphenyl ) stearate (liquid) .......... 1742 1722 

Methyl (2,3-dihydroxy-5 [ 6 ] -t- 
butylphenyl) stearate (liquid) ............. 1744-1740 1718-1713 

Methyl stearute (soln.) ............................ 1750 ........ 
Mixture of methyl stearate an'l phenol .... 1750 1730 

Dilution studies were run in the carbonyl and hy- 
droxyl regions on methyl (o[p]-hydroxyphenyl) ste- 
arate and on a mixture of methyl stearate and phenol 
in an effort to find an explanation for the appearance 
of the second carbonyl band. The mixture, in carbon 
tetrachloride, also produced a spectrum in which two 
earbonyl bands appeared, indicating that intermolee- 
ular hydrogen bonding occurs between the hydroxyl 
group in phenol and the carbonyl group in the ester. 
The second carbonyl was less intense than the ester 
earbonyl. The spectrum also showed free hydroxyl 
(3650 cm. -1, sharp) and bonded hydroxyl (3500 cm.-1). 

When methyl (o [p ] -hydroxyphenyl) stearate is di- 
luted, the earbonyl band at 1720 cm. -1 appears as a 
shoulder at a concentration of 0.010 molar. This 
shoulder does not disappear however at lower con- 
centrations (0.001 molar). At higher concentrations 
two distinct bands appear although the second ear- 
bonyl band is smaller. In the hydroxyl region, methyl 
(o [pJ-hydroxyphenyl)stearate in solution has a spec- 
trum showing both free hydroxyl and bonded hy- 
droxyl whereas in the neat liquid only the bonded 
hydroxyl band appears. 

The ester carbonyl band in the methyl (2,3-di- 
hydroxy-5[6]-tert.-butylphenyl)stearate speetrmn is 
smaller than the bonded carbonyl band when the 
compound is prepared in sulfuric acid. The predomi- 
nance of the 1,2,3,5-sabstituted compound was con- 
cluded from bands at 873 and 810 cm. -1. Consistent 
with this are the earbonyl bands if the 1,2,3,5-sub- 
stituted compound is capable of bonding and the 
1,2,3,4-substituted compound is not. This is in agree- 
ment with the observation made in the C-H out-of- 
plane deformation vibration region. Two bands are 
of approximately the same intensity in the compound 
prepared with an ion exchange resin catalyst. 

Summary 
Phenols and phenyl ethers have been added to oleic 

acid, using both sulfuric acid a n d  a strong acid cat- 
ion exchange resin as condensing agents. By-product 
formation during the condensations resulted in low 
yields and products which were difficult to purify. 
Infrared spectra were used to identify the various 
products and to show that ring isomers form. Infra- 
red spectra also assisted in identifying by-products 
and permitted differentiation between the two strong 
acid condensing agents. 
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The Cyanoethylation and Infrared Spectra 
Ricinoleic Acid Derivatives' 

of Some 

/ 
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Southern Regional Research Laboratory, ~ New Orleans, Louisiana 

T HE CYANOETgYLATION Of ricinoleic acid deriva- 
tives was undertaken to' pro~cide compounds from 
castor oil which would have potential utility, 

such as plastieizers or organic intermediates. Accord- 
ing to Bruson's review (3), eyanocthylation, the ad- 
dition of acrylonitrile, occurs with a variety of com- 
pounds possessing labile hydrogen atoms, such as 
amines, oximes, and alcohols. The esters of hydroxy 
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acids however resisted cyano'ethylation (3). Attempts 
in this laboratory to eyanoethylate methyl ricinoleate 
(methyl 12-hydroxy-9-octadecenoate) by conventional 
procedures were likewise unsuccessful. When potas- 
Mum, sodium, or sodium methoxide was employed as 
the cyanoethylation catalyst, an increase in o'ptical 
rotation and a decrease in hydroxyl content were ob- 
served while dissolving the eatalyst in methyl rieinole- 
ate. Very little cyanoethylation occurred while slowly 
adding the acrylonitrile; instead a considerable 
amount of polyacrylonitrile was formed, accompanied 
by a further increase in optical rotation and decrease 
in hydroxyl content. Apparently estolide formation 
(interesterifieation of the ~hydroxyl and carboxyl 
groups of ricinoleic acid) Co'ok place. When benzyl- 
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t r imethylammonium hydroxide (Tri ton B) was em- 
ployed as the eyanoethylation catalyst, no increase in 
optical rotation or decrease in hydroxyl  content was 
observed; however very  little cyanoethylation o'c- 
cnrred. The formation of free fa t ty  acid neutralized 
the alkaline catalyst. 

Cyanoethylatiou was successful af ter  the inter- 
fering methoxy group was converted to a morpholino 
group (4) or the earbomethoxy group was converted 
to a earbinol group. (Subsequently it was found that  
methyl  rieinoleate could be eyanoethylated if Tri ton 
B were added dropwise to a solution of methyl rieino- 
leate, acrylonitrile, and dioxane. Based on infrared 
analysis, about 55% eyanoethylation was obtained.) 
Five derivatives of ricinoleie acid were cyauoethylated, 
namely, 4-rieinoleoyhnorpholine, 4-(12-hydroxystea- 
royl)morpholine,  4-ricinelaidoyhnorpholine, 1,12-di- 
hydro'xy-cis-9-octadecene, and 1,12-dihydroxyoctade- 
cane. 1,12-Bis(fl-cyano'ethoxy)octadeeane has previ- 
ously been reported by Bruson, but it was not purified 
(2). 1,12-Bis(fl-eyanoethoxy)-cis-9-octadecene was 
isomerized with nitrogen oxides to the trans isomer by 
the general procedure of McCutchon et al. (5). 

The infrared spectra for all these compounds were 
determined. The absorptivities in the 4.44 micron 
region (characteristic of the C==N group) of all the 
compounds and in the 10.3 micron region (character- 
istie of trans unsaturat ion)  for  the trans isomer were 
studied and used as a basis for quanti tat ive determina- 
tion of these gro~aps. 

Experimental 

Materials. 4-Ricinoleoylmorpholine, 4-rieinelaidoyl- 
morpholine, and 4-(12-bydroxystearoyl)morpholine 
were prepared by the general procedure of Dupuy,  
O'Connor, and Goldblatt (4).  Commercial rieino]eyl 
a lcohol  (1 ,12 -d ihydroxy-9 -oc tadeeene )  and 12-hy- 
droxystearyl  alcohol (1,12-dihydroxyoctadecane) were 
fractionally distilled under  high vacuum. The 12- 
hydroxystearyl  alcohol was crystallized from 15 vol- 
umes of aeetone-hexane mixture ( 1 :2 )  at 5~ East- 
man's  practical  grade of acrylonitrile and dioxane 
and commercial 35-40% benzyltr imethylammonium 
hydroxide (Tri ton B) in methanol were used without 
fur ther  purification. 

r (12-fi- Cyanoethoxyoleoyl ) morpholine. 4-Ricinole- 
oylmorpholine was cyanoethylated, employing 100% 
excess acrylonitrile. In a 2-liter, three-necked flask, 
equipped with a reflux condenser, a dropping funnel, 
a thermometer,  and a magnetic stirrer,  368 g. of 4- 
rieino'leoylmorpholine (1 mole) and 368 g. of dioxane 
were added. Then 37 ml. of water and 37 ml. of Tri ton 
B were added, and the mixture was st irred and heated 
to 50~ Two moles of acrylonitri le (106 g.) were 
added dropwise in about 30 rain. During the addition 
of acrylonitri le the temperature  rose from 50 to 85~ 
The r ea c t i on  was then  c o n t i n u e d  for 3 hrs. The 
temperature was maintained between 60 and 70~ 
The hot mixture was poured slowly into 3 liters 
o'f diethyl ether during a 15-rain. period and allowed 
to stand for several hrs. while the polyacrylonitr i le 
precipitated out of solution. The ethereal solution was 
decanted, filtered, extracted three times with 300-ml. 
portions of 1 N hydrochloric acid, and washed twice 
with distilled water. After  the ether was evaporated 
from the reaction product  under  reduced pressure, 
the hydro'xyl content was determined. This indicated 

about 60% conversion. The crude cyanoethylated 
product  was distilled rapidly (ca. 200 g./hr.)  under  
high vacuum. Distillate fractions, b.p. 248-254~ 
mm., were crystallized over-night from 15 volumes of 
methanol at - 70~  

Anal.  Calcd. for  C25H44N203 (420.6) : C, 71.38; H, 
10.54; N, 6.66; OH, 0. Found :  C, 71.45; H, 10.55; 
N, 6.70 ; Ott,  0 ; n 3~ 1.4816 ; a 2~/1~ ~m. 14.20. 

4-(I2- f i -Cyanoethoxys tearoyl )morphol ine .  4-(12- 
Hydroxystearoyl)morphol ine  was eyanoethylated, em- 
ploying 100% excess acrylonitri le as described above. 
Distillate fractions, b.p. 246-252~ ram., were 
crystallized over-night from 10 volumes of acetone at 
-25~ to precipitate the noneyanoethylated morpho- 
lide. Af ter  the acetone filtrate was evaporated under 
reduced pressure, the cyanoethylated morpholide was 
crystallized over-night from 15 volumes of methanol 
at --70~ m.p. 35.2-36.2~ 

Anal. Caled. for  C2~H46N2Oa (422.6): C, 71.04; 
H, 10.97 ; N, 6.63. Found : C, 70.85 ; H, 10.85 ; N, 6.55 ; 
n ~~ 1.4684. 

4-(12-fl-Cyanoethoxyelaidoyl)morpholine. 4-Ricin- 
elaidoylmorpholine was cyanoethylated by employing 
100% excess acrylonitrile, as described above. Distil- 
late fractions, b.p. 247-255~ ram., were crystal- 
lized over-night from 3 volumes of acetone at -70~  
to precipitate the noncyanoethylated morpholide. 
Af ter  the acetone filtrate was evaporated under  re- 
duced pressure, the cyanoethylated morpholide was 
crystallized over-night from 15 volumes of methanol 
at -70~  

Anal.  Caled. for C25H44N.20.~ (420.6) : C, 71.38; H, 
10.54; N, 6.66. Found:  C, 71.27; H, 10.51; N, 6.74; 
n 3~ 1.4816 ; absorptivity, (a) = 0.40 at 10.33 microns 
in CS2. 

1-12-Bis(fi-cyanoethoxy)-cis-9-octadecene. The pri- 
mary and secondary hydroxyl  groups of rieinoleyl 
alcohol were cyanoethylated by employing 100% excess 
acrylonitrile. One mole (284 g.) of ricinoleyl alcohol 
was dissolved in 284 g. of dioxane. Then 28 ml. of water 
and 28 m!. of Tri ton B were added with stirring at 
room temperature.  Four  mo'les (212 g.) of acrylo- 
nitrile were added dropwise in about 1 hr. During the 
addition of acrylonitrile the temperature  rose from 
25 to 70~ The reaction was continued for 3 hrs. The 
temperature  was maintained between 60 and 70~ 
The hot mixture  was poured slowly into 3 liters of 
diethyl ether during a 15-rain. period and allowed to 
stand for several hrs. while the polyacrylonitr i le pre- 
cipitated out of solution. The ethereal solution was 
decanted, filtered, extracted three times with 300-ml. 
portions of 1 N hydrochloric acid, and washed twice 
with distilled water. Af ter  the ether was evaporated 
under  reduced pressure f rom the reaction product,  
the hydroxyl  content was determined. This indicated 
about 75% conversion. The crude cyanoethylated 
product  was distilled rapidly (ca. 200 g. /hr .)  under  
high vacuum. Distillate fractions b.p. 228-238~ 
ram., were crystallized over-night from 15 volumes of 
methanol at -70~  

Anal.  Calcd. for C24H42N202 (390.6): C, 73.79; 
H ,  10.84; N, 7.17; OH, 0. Found:  C, 74.20; H, 11.18; 
N, 7.08 ; OH, 0 ; n ~~ 1.4632 ; a "2sly~ c~. 14.30. 

1,12-Bis- ( f l -cyanoethoxy)octadeeane.  1,12-Dihy- 
droxyoctadecane was eyanoethylated in dioxane solu- 
tion, employing 100% excess aerylonitri le as described 
above exeept that the mixture  had to be heated to 
55~ to dissoNe the diol. While adding acrylonitrile, 
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FI6. I. Infrared spectra of some cyanoethylated derivatives 

of rieinoleic aei4 in etfloroform. A, 1-12-bis(f~-cyanoethoxy)- 
vis-9-octadecene; B, 1,12-bis(fl-cyanoethoxy)oetadeeane; C, 4- 
(12-fl-cyanoethoxyoleoyl)morpholine; D, 4-(12-fl-eyanoethoxy- 
stearoyl) morpholine. 

the reaction had to be moderated with an ice-water 
bath to keep the temperature  below 85~ Distillate 
fractious, b.p. 230-240~ ram., were crystallized 
o'~er-night f rom 10 volumes of acetone at -25~  to 
precipitate the part ial ly cyanoethylated or noncyano- 
ethylated diol. Af ter  the acetone filtrate was evapo- 
rated under  reduced pressure, the dicyanoethylated 
product  was crystallized over-night f rom 20 volumes 
of methanol at -25~  

Anal. Calcd. for C24H44N202 (392.6): C, 73.42; 
It,  11.30 ; N, 7.14. Found  : C, 73.36 ; H, 11.11 ; N, 7.10 ; 
n 3~ 1.4562. 

1,12-Bis(fi-cyanoethoxy)-trans-9-octadeeene. The  
ethylenie bond of 1-12-bis(fl-eyanoethoxy)-cis-9-octa- 
decene was isomerized from cis to trans configuration 
by the general procedure of McCutehon et at. (5). To 
30 g. of 1 ,12-b is (B-eyanoethoxy)-c is -9-oc tadecene ,  
maintained at 60~ were added with rapid st irr ing 
2 ml. of 2 molar sodium nitr i te  solution and 1.33 ml. 
of 6 molar nitric acid. The heating and st irr ing were 
continued for 2 hrs. Then the reaction mixture was 
poured into 100 ml. of water and extracted with di- 
ethyl ether. The ethereal solution of 1,12-bis(fl-cyano- 
ethoxy)-cis-9-octadeeene and 1,12-bis(fi-cyanoethoxy)- 
trans-9-octadecene was washed with distilled water 
unti l  free of acid and finally dried over sodium sulfate. 
In f ra red  analysis of the equilibrium mixture indicated 

about 77% trans isomer. The crude product  was crys- 
tallized successively over-night from 3 volumes o'f ace- 
tone and from 10 volumes of methanol at -70~  

Anal. Calcd. for  C24H42N_o02 (390.6): C, 73.79; 
H, ]0.84; N, 7.17. Found :  C, 73.93; H, 10.73; N, 7.11; 
n 36/D 1.4622 ; absorptivity, (a) = 0.40 at 10.32 microns 
in CS2. 

Spectrophotometric Determinations. Complete in- 
f rared  absorption curves from 2 to 12 microns of all 
compounds investigated were obtained with a Perkin- 
Elmer  Model 21 infrared speetrophotometer. Settings 
used were: resolution, 927; suppression, 3; gain, 5; 
response, 1; and speed, 0.5 micron/rain. The spectra 
of all compounds except the trans isomers were ob- 
tained both in chloroform and carbon tetrachloride 
solutions at about 30 g./1. with a 0.48-ram. absorption 
cell. The spectra of the trans isomers were obtained 
only in chloroform solution. Pure  d ry  chloroform or 
carbon tetrachloride was placed in the reference beam. 

In additio'n, the absorption of the trans isomers was 
measured in carbon disulfide solution at about the 
10 micron region where the absorption maxima charac- 
teristic of C - H  bending about the trans double bond is 
expected. These measurements were made with the 
following settings: suppression, 0; gain, 5; respol~se, 
1 ; speed, 0.5 cm.-1/sec. ; slit manual, 151 nfierons ; and 
filter in place. 

R e s u l t s  and  D i s c u s s i o n  

Preparation of Compounds. The addition of water 
:(10% by weight based on the morpholide or carbinol) 
to the cyanoethylation mixture re tarded the formation 
of polyacrylonitrile.  A lower water-content was not 
very effective; a higher water-content produced ex- 
cessive amounts of bis(fl-cyanoethyl) ether. Benzyl- 
t r imethylammonium hydroxide was employed as the: 
eyanoethylation catalyst because it readily dissoNed 
in the morpholide and carbinol solutions, and it was 
just  as effective as other catalysts examined, namely, 
potassium, sodium, and sodimn methoxide. Several 
ho~rs of agitation at fair ly high temperatures  were 
necessary to dissoNe them. 

Cyanoethylation was carried out between 25 and 
85~ by adding dropwise 100% excess aerylonitri le 
to the reaction mixture. A greater excess of aeryloni- 
trile increased the extent of cyanoethylation but also 
increased the polymerization of acrylonitrile. The 
minimum temperature  suitable for cyano'ethylation 

T A B L E  I 

Absorp t ion  B a n d s  in  the I n f r a r e d  Spec t r a  o~ C y a n o e t h y l a t e d  
P r o d u c t s  of Some Ric ino le ic  Acid  D e r i v a t i v e s  in  Chloroform 

W a v e l e n g t h  p o s i t i o n  of  m a x i m a  ( m i c r o n s )  a 
F u n c t i o n a l  g r o u p  

U n a s s i g n e d  ............. 2 . 8 6  
C - - I t  s t r e t c h i n g  ...... 3 .44  
G--IS s t r e t ch ing  ...... 3 .50  
C ~ N  s t r e t c h i n g  ........ 4 . 4 4  
C----O s t re tching '  

( a m i d e )  ................ 
C - - H  def  . . . . . .  a t ion  6185 
C - - I t  de fo rma t ion  �9 7 .08  
C - - I t  d e f o r m a t i o n  ~.. 7 .41 
C--I-I de fo rma t ion  ... 7 .54  
C- -N  s t r e t c h i n g  . . . . . . . . . . . . . . .  
C--O s t r e t c h i n g  . . . . . . . . .  
C - - O - - C  s~retehing 9 .05  
C--O,  C--bT stre$chint ...... 
C - - I t  de fo rma t ion  . . . . . . . . . . .  
I~iorpholino r i n g  

moiety  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U n a s s i g n e d  . . . . . . . . . . . . . . . . . . . .  
U n a s s i g n e d  

A B O D E F 

2 .86  2 .91  2 .91  2 .85  2 .90  
3 .44  3 .44  3 .44  3 . 4 4  3 .44  
3 .50  3 .51  3 .51  3 .50  3 .50  
4 . 4 4  4 . 4 4  4 . 4 4  4 . 4 4  4 . 4 4  

6 .14  6 . 1 4  6 ,13  
6:sg 6.86 6.s6 d:~ 6.86 
7.08 7 .00  7 .00  7 .08 6 .97  
7 .34  7 .36  7 .35  7 .36  7 .36  
7.55 7.52 7.54 7.54 7.54 
...... 7 .70  7 .69  ...... 7 .69  

7 .90 7 .90 7 .89 
9 .06  9 . 0 4  9 .01  9 .05  9 .02  
...... 9 .37  9 .36  9 .37  
. . . . . . . . . . . . . . . . . .  10.~i 10.33 
...... 1 0 . 4 1  10 .40  ...... 10 .33  
...... 11 .05  1 1 . 0 5  ...... 11 .03  

11 .95  11 .93  ...... 1 1 . 9 0  

a A, 1 ,12~bis (9-cyanoe thoxy) -c l s -9-oc tadecene ;  B,  1 ,12-b i s (~-eyano-  
e thoxy)  oc tadecane  ; C, 4- (12-f l-cyanoethoxyoleoyl)  morpho l ine  ; D, 4- (12-  
B-cyanoethoxystearoy])  morpho l ine  ; E,  1 , 1 2 - b i s ( f l - c y a n o e t h o x y ) - t r a n s - 9 -  
oc tadecene ;  i~, 4 - (12- f l - cyanoe thoxye lMdoyl )morpho l ine .  
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was used as high temperatures  cause excessive poly- 
merization of acrylonitrile. Since the cyanoethylation 
of the p r imary  and secondary hydroxyl  groups and 
the polymerization of aerylonitri le are exothermic re- 
actions, the temperature  of the reaction mixture rose 
rapidly even though the aerylonitri le was added drop- 
wise. 

Aerylonitr i le  was added to the reaction mixture  of 
r i c i no l e y l  a lcohol  (1,12-dihydroxy-9-oetadeeene) at 
room temperature,  as ricinoleyl alcohol, Tri ton B, 
and water are miscible in dioxane and the pr imary  
hydroxyl  group is readily eyanoethylated at room 
temperature.  The exothermie reactions cause a tem- 
pera ture  rise sufficient to enhance the cyanoethylation 
of the secondary hydroxyl  group. Before aeryloni- 
trile was added to the reaction mixture of 1,12-dihy- 
droxyoctadecane, it had to be heated to 55 ~ C. to dis- 
solve the diol. During the addition of acrylonitri le 
the reaction temperature  had to be moderated. The 
reaction m i x t u r e  of 4 - r i e i n o l e o y l m o r p h o l i n e  was 
heated to 50~ before acrylonitri le was added to pro- 
mote eyanoethy]ation of the secondary hydroxyl  group. 
The reaction mixture of 4-(12-hydroxystearoyl)-  
morpholine was heated to 50~ before acrylonitri le 
was added to promote solubility of the morpholide and 
cyanoethylation of the secondary hydroxyl  group. In  
all cases the reaction was continued for 3 hrs. af ter  the 
addition of acrylonitrile, and the temperature  was 
maintained between 60 and 700C. to obtain maximum 
conversion, ca. 60% for the secondary hydroxyl  group 
and ca. 90% for  the p r imary  hydroxyl  group. 

Any  po'lyacrylonitrile formed during the reaction 
was readily separated from the reaction product  by 
pouring slowly the hot eyanoethylated mixture during 
a 15-rain. period into 3 volumes of diethyl ether. Most 
of the polyaerylonitr i le precipitated out of the ethe- 
real solution within several hrs. The catalyst was re- 
moved by extracting the ethereal solution three times 
with excess 1 N hydrochloric acid: The crude cyano- 
ethylated product  was purified by rapid distillation 
under  high vacuum to prevent  decomposition. Very 
little decomposition occurred when the material  was 
distilled rapidly,  ca. 200 g./hr.  ; but considerable de- 
composition occurred when the material  was distilled 
slowly, ca. 50 g./hr.  ~r less. Distillate fractions of 1,12- 
bis (fl- eyanoethoxy)-cis-9-octadecene, 4- (12- fi- eyano- 
ethoxyoleoyl)morpholine and 4 - (12- f l - eyanoe thoxy-  
stearoyl)morpholine which contained at least 80, 85, 
and 90%, respectively, of cyanoethylated material  
were crystallized over-night from 15 volumes of meth- 
anol at - 70~  

Distillate fractions of 1,12-bis(fi-cyanoethoxy)octa- 
deeane which contained at least 95% eyanoethylated 
material  readily crystallized over-night from 20 vol- 
umes of methanol at --25~ Distillate fractions of 
1,12-bis(fl-cyanoethoxy)octadecane which contained 
at least 80% cyanoethylated material  were purified by 
first crystallizing out most of the part ia l ly  cyanoethyl- 
ated and noncyanoethylated diol f rom 10 volumes of 
acetone at --250C. 

1 ,12 -B i s ( f i - eyanoe thoxy ) - t rans -9 -oe tadeeene  was 
easily prepared by isomerizing 1,12-bis(fi-eyanoeth- 
oxy)-cis-9-octadeeene with a sodium nitri te-nitric 
acid catalyst. The maximum conversion, ca. 77% trans 
isomer, was obtained within 2 hrs. Then the trans 
isomer was purified from the equilibrium mixture  by 
successive crystallization over-night f rom 3 volumes 
of acetone and from 10 volumes of methanol at - 70~  
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FIG. 2. Relationship between the absorbanee of the C ~ N  
group and the concentration of cyanoethylated rieinoleie acid 
derivatives. A,  1,12-bis(fl-cyanoethoxy)-eis-9-octadeeene; � 9  
1,12-bis (B-eyanoethoxy) octadecane ; A,  4.- (12-~-eyanoethoxy- 
oleoyl)morpholine; O,  4~-(12-~-eyanoethoxystearoyI)morpholine. 

4- (12-fl-Cyanoethoxyoleoyl)morpholine was eas i ly  
isomerized to 4- (12-fl-eyanoethoxyelaidoyl) morpholine 
with a sodium nitri te-nitric acid catalyst. The maxi- 
nmm conversion, ca. 75% trans isomer, was obtained 
within 2 hrs. However purification of the trans isomer 
from the equilibrium mixture  was not too successful. 
The trans isomer was only concentrated by successive 
crystallizations over-night f rom 10 volumes of ethyl 
acetate, from 5 volumes of acetone, and from 10 vol- 
umes of methanol at --70~ Maximum absorptivity 
at 10.33 microns in carbon disulfide was only 0.37. 

4-(12-fl-Cyanoethoxyelaidoyl)morpholine was easily 
prepared by cyanoethylat ing 4-ricinelaidoylmorpho- 
line, followed by distillation of the cyanoethylated 
product.  Suitable fractions were crystallized over- 
night from 3 volumes of acetone to precipitate the non- 
eyanoethylated n~lorpholide at -70~  4- (12-fl-eyano- 
ethoxyelaidoyl)morpholine was obtained by evapo- 
rat ing the acetone filtrate and crystallizing the residue 
over-night from 15 volumes of methanol at --70~ 
Maximum absorptivity at 10.33 microns in carbon di- 
sulfide was 0.40. 

In f rared  Spectra.  Spectra in chloroform are shown 
in F igure  1. With the few ra ther  significant differ- 
ences mentioned below, the spectra in carbon tetra- 
chloride very  closely resemble those in chloroform. 
Wavelength positions of absorption maxima for all 
bands with absorptivities of ca. 0.05 or move with their 
most probable assignments for  the six compounds in- 
vestigated are given in Table I. F rom previously re- 
ported investigations of long-chain compounds and 
from recent discussions of the spectra of mo~'pholides 
of rieinoleic acid (4),  correlations of the bands which 
appear  in these spectra with vibrational groups giving 
rise to them can be made with considerable degree of 
certainty. 

The band with maxima at 2:86 to 2.91 microns, 
found in the chloroform so'lution spectra of all com- 
pounds, is interesting. This is the position of absorp- 
tion commonly assigned to a stretching of the O - H  
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or N - H  group, neither of which is found in these mole- 
cules. This sharp band with low intensity in chloTo- 
form spectra does not appear at all in carbon tetra- 
chloride spectra. This may be interpreted as indi- 
cating that the band arises from some interaction of 
these compounds with the chloroform. The double 
bond is not involved in this interaction as it appears 
with equal intensity in the spectra of the saturated 
and unsaturated compounds. The band of the mono- 
cyanoethylated morpholides has twice the intensity of 
the dicyanoethylated diols. Therefore it cannot arise 
from the interaction with the C~-~N group. This might 
be explained by hydrogen bridging between the chloro- 
form and no,bonding electron pairs of the solute. 

The C - H  stretching bands in the 3.44 and 3.5 mi- 
cron regions exhibit an interesting difference between 
the chloroform solution spectra and the carbon tetra- 
chloride solution spectra. In carbon tetraehloride the 
3.44 micron band in all compounds is more intense 
than the 35 micron band whereas in chloroform the 
3.5 micron band in most compounds is slightly more 
intense than the 3.44 micron band. 

The 4.44 micron band, assigned to the C ~ N  stretch- 
ing, is sharp both in chloroform and in carbon tetra- 
chloride solutions, but its intensity in chloroform is 
about 67% greater than in carbon tetrachloride. The 
cyanoethylated morpholides in chloroform have ab- 
sorptivities of about 0.05 whereas in carbon tetra- 
chloride their absorptivities are abo~t 0.03. The di- 
cyanoethylated diols in chloroform have absorptivities 
of about 0.10 whereas in carbon tetrachloride their ab- 
sorptivities are about 0.06. It may be postulated that 
this increased intensity arises front an interaction 
between the nitrile group and chloroform. This is in 
agreement with the findings of T. L. Brown (1) that 
hydrogen-bonding solvents, such as chloroform, inter- 
act with the carbonyl group of a compound resulting 
in greater absorption. The important conclusion is 
that, for a quantitative analysis of the nitrile group, 
measurements in chloroform result in greater sensi- 
tivity. As shown in Figure 2, for both types of com- 
pounds it follows the Beer-Lambert Law over a wide 
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~IG.  3. I n f r a r e d  s p e c t r a  o f  s o m e  e y a n o e t h y l a t e d  d e r i v a t i v e s  
o f  r i c l n e ] a i d i c  a c i d  i n  c h l o r o f o r m .  A ,  1 , 1 2 - b i s ( f l - c y a n o e t h o x y ) -  
trans-9-octadecene; B ,  6 - ( 1 2 - f l - c y a n o e t h o x y e l a i d o y l ) m o r p h o ] i n e .  

range of concentrations. The cyanoethylation reaction 
and the purification of the cyanoethylated product 
could readily be followed by infrared analyses. 

The very intense band of the C=O stretching of 
the amide group at 6.14 micron readily differentiates 
the cyanoethylated product of the morpholides from 
those of the alcohols. The morpholides are further 
differentiated by their C--O and C - N  stretchings at 
7.70, 7.90, and 9.37 microns and by the band assigned 
to the morpholino ring' moiety at 10.40-10.41 microns 
(4). All compounds are characterized by the intense 
band at 0.01-9.06 microns assigned to a C - O - C  
stretching. 

The infrared spectra of 1,12-bis(fi-cyanoethoxy)- 
trans-9-octadeeene and 4-(12-fl-cyanoethoxyelMdoyl)- 
morpholine are given in Figure 3. The only significant 
difference in the spectra of these trans isomers is the 
appearance of the intense tra,ns band at 10.32 mi- 
crons arising from a C - H  deformation about the 
trans C--C. 

Summary 
Five ricinoleie acid derivatives have been cyano- 

ethylated with acrylonitrilc, namely, 4-ricinole0ylmor- 
pholine, 4-ricinelaidoylmorpholine, 4-(12-hydroxy-  
stearoyl)morpholine, 1,12-dihydroxy-9-octadecene and 
1,12-dihydroxyoctadecane, using benzyltrimethylam- 
monium hydroxide as a eyanoethylation catalyst and 
water to retard the polymerization of aerylonitrile. 
Any polyacrylonitrile formed was readily precipitated 
out of an ethereal solution. Purification of the cyano- 
ethylated products was accomplished by washing out 
the catalyst, rapid distillation under high vacumn, and 
crystallizations from methanol. In addition, 1,12- 
bis(/?-cyanoethoxy)-9-octadecene was isomerized from 
cis to trans form and crystallized successively from 
acetone and methanol. The infrared spectra of these 
compounds have been determined. It  was found that 
the characteristic absorption for the nitrile group at 
4.44 microns is about 67% greater in chloroform than 
in carbon tetrachloride and that it obeys Beer's law 
over a wide range of concentrations, thus permitting 
convenient infrared analysis of tMs type of compound. 
Some properties of these compounds are described. 
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