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sealed stirrer, and dropping funnel, and covered with ether. 
Ethyl bromide (7.4 g., 0.068 mole) in 100 ml. ether was 
added dropwise and the reaction mixture boiled for 1 hr. 
3-Methoxy-3-methyl-1-butyne (4.9 g., 0.05 mole), disaolved 
in 70 ml. of ether, was then added dropwise with stirring. 
The mixture was boiled for 4 hr., cooled, and 9.4 g. (0.05 
mole) of benzophenone dissolved in 100 ml. of ether was 
added dropwise with stirring in 30 min. The reaction mix- 
ture was stirred overnight at room temperature, boiled for 
4 hr., cooled, and hydrolyzed by elow addition of 100 ml. of 
ice water. Approximately 10 g. of ammonium chloride was 
added in portions with stirring to the suspension until two 
clear layers separated. The ethereal layer was separated, 
mashed with two 200-ml. portions of cold water and dried 
over :ttihydrous potassium carbonate. 

The ettier was removed by distillation leaving an oily 
residue which solidified on standing. The solid was dissolved 
in boiling petroleum ether (b.p. 60-90') and on cooling, 
white needles precipitated. The precipitate was collected by 
filtration and dried; 8.5 g. (61% yield), m.p. 87-89.5". Two 
recrystallizations from petroleum ether gave white needles, 
m.p. 85-86.5". 

Anal. Calcd. for CI~HZ002: C, 81.40; H, 7.19. Found: 
C, 81.51 ; H, 7.07. 

The infrared spectrum had bands a t  2.8, 4.5, and 8.5 p 
for -OH, -C=C-, and tertiary C--0 respectively. 

4-Methozy-4-methyl-$?-pentynoic acid. Ethylmagnesium 
bromide was prepared from 37 g. (0.34 mole) of ethyl hro- 
mide and 8 g. (0.33 g.-atom) of magnesium turnings in ether 
in a 1-I., three-neck flask fitted with mercury sealed stirrer, 
dropping funnel, and reflux condenser. Twenty-four grams 
(0.25 mole) of 3-methoxy-3-methyl-1-butyne in 100 ml. of 
ether was added dropwise with stirring over a period of 2 hr. 
The mixture was boiled for 3 hr. and then cooled to room 
temperature. The dropping funnel was replaced by a gas in- 
let tube and carbon dioxide, dried with sulfuric acid, was 
admitted for 16 hr. with stirring. The mixture was hydro- 
lyzed with 200 ml. of ice water and ca. 300 ml. of 10% hydro- 

chloric acid. The mixture was stirred until two clear layers 
were formed. The lower layer was withdrawn and extracted 
with two 100-ml. portions of ether. The ether extracts were 
combined and washed with three 100-ml. portions of water 
and dried over anhydrous sodium sulfate. After evaporation 
of the ether, the dark residue was distilled and gave 14.6 
g. (41% yield) of a viscous liquid, b.p. 99-103"/0.5 mm., 
ny 1.4580. This liquid, which turned yellow shortly after dis- 
tillation, was soluble in water, 10% sodium hydroxide solu- 
tion, and evolved carbon dioxide when added to a 10% so- 
dium bicarbonate solution. 

The pphenylphaacyl ester was prepared by adding 10% 
sodium hydroxide dropwise to a mixture of 5 ml. of water and 
1 g. of the acid contained in 50 ml. round-bottom flask 
fitted with reflux condenfier until the solution was neutral. 
Two drops of the acid were then added to make the solution 
slightly acidic. Ethanol (10 ml.) and 1 g. of p-phenylphen- 
acyl bromide were added and the mixture was boiled for 2 
hr. The hot solution was transferred to a 50 ml. beaker and 
cooled overnight. The needles which precipitated were re- 
crystallized three times from 60% ethanol; m.p. 102.5-104'. 

Anal. Calcd. for C~~HIOOI: C, 74.98; H, 5.99. Found: C, 
74.70; H, 6.26. 
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The reaction of stearic acid, azelaic acid, and the sodium salts of both acids with excess epichlorohydrin in the presence of 
benzyltrimethylammonium chloride has been studied. Use of the free carboxylic acids gave only fair to low yields of glycidyl 
esters, while sodium salts of the carboxylic acids gave excellent yields of materiala of high oxirane content. Crude glycidyl 
stearate waa obtained in greater than 90% yield in a nonaqueous, but not anhydrous, system. Crude diglycidyl azelate waa 
prepared in 55% yield from an aqueous solution of disodium azelate. Recrystallization of both crude glycidyl esters raised 
their purity above 95%. Reaction time, reaction temperature, and water content were found to influence the yield of glycidyl 
stearate. I t  is suggested that the reaction path involves nucleophilic attack upon the terminal position of the epoxide. The 
resulting alkoxide then reacts further to give either a glycidyl ester or a chlorine-containing by-product, tho predominant 
course depending upon reaction conditions. 

As part of a study of the preparation and proper- 
ties of epoxy derivatives of fatty materials, it was 
desired to prepare the glycidyl esters of several 
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aliphatic mono- and dicarboxylic acids. Although 
a number of methods for the synthesis of such 
esters has been report,ed, many of the procedures 
are cumbersome, require uncommon or expensive 
reagents or give the desired product in low yield. 

The more common starting materials for the 
preparation of glycidyl esters have been epichloro- 
hydrin and the carboxylic acid or its salt, although 
the direct esterification of glycidol with acid chlo- 
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rides in the presence of base has been rep~rted.~-s 
The reaction of monocarboxylic acids with epi- 
chlorohydrin,6 especially in the presence of catalysts 
of the Friedel-Crafts type,’,* or of basic organic 
nitrogen  compound^^^^^ results in the formation of 
a-carboxylic esters of y-chloropropylene glycol 
which are then dehydro-halogenated in the presence 
of strong base to give the desired glycidyl ester. 
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I1 

R-C-OH + ClCH2-CH-CHz + 

0 
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I1 
R-C--OCHrCH-CHz 

I 
OH b 

J. MOH 

0 
rl 

R-C--O-CH2-CH-CH? + HzO + NCl 

‘d 
Mueller” reported that the glycidyl ester can be 
obtained directly if epichlorohydrin is in large 
excess and if a quaternary ammonium halide is 
used as catalyst. The hydrogen chloride eliminated 
in the reaction is largely absorbed by the excess 
epichlorohydrin to form glycerol dichlorohydrin, 
but a t  least some of the hydrogen chloride is likely 
to react with the glycidyl ester present to give the 
a-carboxylic ester of p-  or y-chloropropylene glycol. 

To avoid the troublesome problem of secondary 
reactions of glycidyl esters with hydrogen chloride, 
some workers used salts of carboxylic acids, rather 
than the acids themselves, as starting materials. 
Kesters, l2  obtained good conversions to glycidyl 
esters of mono-, but not of dicarboxylic acids, by 
refluxing mixtures of salts of long-chain fatty acids 
with epichlorohydrin, taking elaborate precautions 
to exclude all traces of moisture. Addition of a 
quaternary ammonium halide was reported to 
increase the rate of this reaction also,l3 but even 
small amounts of water decreased yields of oxirane- 
containing products,I4 while in partly aqueous 
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medium the formation of glycidyl esters occurred 
either in very low yield’s or not a t  all.I6 

As an initial step in the preparation of glycidyl 
esters of various mono- and dicarboxylic acids, a 
better understanding of the reaction of epichloro- 
hydrin with carboxylic acids and their salts was 
needed. Stearic acid and azelaic acid were chosen 
as representatives of the two classes of acids, and 
their reaction with epichlorohydrin was investi- 
gated under various reaction conditions. The influ- 
ence of reaction temperature, moisture content, and 
reaction time were of particular interest. 

RESULTS 

A .  The reaction of epichlorohydrin with stearic 
acid. In refluxing epichlorohydrin containing ben- 
zyltrimethylammonium chloride (BTM), stearic 
acid was consumed in a few minutes, and the main 
product, glycidyl stearate, was obtained in 70% 
yield. At lower temperatures more time was re- 
quired for complete consumption of stearic acid, 
the yield of glycidyl stearate decreased sharply, and 
the major product was an ester which contained 
chlorine (Table I). A decrease in glycidyl stearate 
yield, accompanied by an increase in the formation 
of chlorinated esters, was also observed when the 
reaction mixture contained considerable amounts 
of water. This effect was small, however, when the 
moisture content was low. 

Separation of the crude reaction mixture into 
its major components revealed the chlorinated ester 
to be 3-chloro-2-hydroxypropyl stearate (I) proba- 
bly in admixture with a small amount of its isomer 
2-chloro-3-hydroxypropyl stearate (11). A con- 
siderable amount of glycerol a-dichlorohydrin 
(III), possibly containing small amounts of its 
isomer (IV), was also present in the reaction 
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mixture. A quantitative separation of the “chloro- 
hydrin esters” (I and 11) from glycidyl stearate was 
not achieved, but a procedure was devised for esti- 
mating the relative amounts of the two types of 
esters in the crude product. Crystallization from 

(15) G. L. Dorough, U. S. patent 2,524,432, Oct. 3, 1950. 
(16) R. J. Chamberlain, U. S. patent 2,893,875, July 7, 

1969, 
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TABLE I 
REACTION OF STEARIC ACID AND  EPICHLOROHYDRIN.^ EFFECT OF REACTION TEMPERATURE AND ADDITION OF WATER 

Added Water 
Content of 

Time, Reaction Mixture 
Temp. Hr. Mole Per Cent 

117 0.5 None 
11 7 0.5 2.0 
92 0 .5  None 
91 1.5‘ 41.1 
60 5.0’ None 

Glycidyl Stearate in Crude 
Product 

Yield, Concentration, 

70.0 63.8 
64.6 61.9 
27.1 24.7 
11.4 10.4 
7.8 7.5 

%c 

Recrystallized Reaction 
Product 

Glycidyl stearate “Chlorohydrin ester” 
concentration, %e concentration, %d 

78.7 
69.1 
27.0 
9.6 
5.6 

14.6 
24.6 
67.3 
86.7 
92.2 

- 

a Molar ratio of epich1orohydrin:stearic acid:BTM = 8: 1 :0.027. Based on stearic acid. Based on oxirane determination 
by method of Durbetaki.21 Based on chlorine content. e Time required for complete consumption of stearic acid. 

TABLE I1 
REACTION OF SODIUM STEARATE AND  EPICHLOROHYDRIN.^ EFFECT OF REACTIOK TEMPERATURE IN PRESENCE AND ABSENCE 

O F  ADDED WATER 

Crude Product -4dded Rater  
Content of Sodium Stearate Glycidyl Stearate “Chlorohydrin ester” 

Time, Reaction Mixture Consumed, Yield, Concentration, concentration, 
Temp. Hr. Mole Per Cent % o / g b V C  %c 7od -- 
117 0.16 Xone 98.9 90 0 90.4 4.3 
92 0.16 None 56.6 83.0 82.3 11.7 
92 0.5 41.1 
75e 1.5 None 
75 1 . 5  41.1 
60 4 . 5  None 
60 4.5 41.1 

100.0 82.4 81.1 
60.0 79.9 75.5 

100.0 75.1 76.4 
34.0 76.6 72.7 
80.0 62.3 60.1 

21.7 
26.5 
17.1 
28.9 
37.5 

-~~ ~~ ~ 

a Molar ratio of epich1orohydrin:sodium stearate:BTM = 16: 1 :0.1. Based on consumed sodium stearate. Based on 
oxirane determination by method of Durhetaki.21 Based on chlorine content. e Reflux temperature of reaction mixture. 

solvents which dissolved nonester impurities gave 
a mixture of esters which was analyzed for oxirane 
content, chlorine content, and saponification num- 
ber. It was assumed that only glycidyl stearate and 
“chlorohydrin ester” mere present in significant 
amounts, and an estimation was made from the 
analytical data of the amounts of each type of 
ester (see Table I). Although small amounts of 
other esters, such as glyceryl monostearate, mere 
also found in the mixed esters, glycidyl stearate, 
and “chlorohydrin esters” together accounted 
for well over 90% of the mixture. 

Optimum catalyst concentration was not deter- 
mined. In  the absence of catalyst, 90% of the stearic 
acid was recovered after 5 hours refluxing with 
epichlorohydrin, showing a large catalyst effect. 
Other. quaternary ammonium halides gave, with 
the exception of tetraethylammonium bromide, 
significantly lower yields than benzyltrimethyl- 
ammonium chloride, probably because of lower 
solubility in epichlorohydrin. 

B. Reaction of epichlorohydrin wi th  azelaic acid. 
The reaction of epichlorohydrin with azelaic acid 
in the presence of benzyltrimethylsmmonium 
chloride proceeded in a manner similar to that 
with stearic acid. Analysis of the crude pivduct by 
oxirane determination showed a conversioii of 64% 
of the acid groups to the glycidyl ester, the balanee 

of the acid groups presumably reacting to give 
the “chlorohydrin ester.” 

The crude product therefore contained a mix- 
ture of diglycidyl azelate (V), glycidyl 3-chloro-2- 
hydroxypropyl azelate (VI), and bis(3-chloro-2- 
hydroxypropyl) azelate (VII) and possibly the 
isomers of VI and VI1 in which the positions of the 
chlorine and hydroxyl groups are reversed. No 
efforts mere made to isolate compounds VI and VI1 
in the pure state, but their presence was indicated 
from analytical data and from analogy to the re- 
action of epichlorohydrin with stearic acid. From 
the measured 64% conversion of the acid groups 
to glycidyl ester and with the assumption of a 
statistical distribution, the amount of desired 
diglycidyl azelate (V) in the crude mixture was 
calculated to  be 30.4 weight per cent, and VI and 
VI1 49.6 and 19.9 weight per cent, respectively. 
The yield of the desired product (V) could un- 
doubtedly be increased by dehydrohalogenation6* io 

of compounds VI and VII. 
C. Reaction of epichlorohydrin wi th  sodium stearate. 

Glycidyl stearate was obtained in 90% or higher 
yields when sodium stearate rather than stearic 
acid, was caused to react with epichlorohydrin a t  
reflux in the presence of benzyltrimethylammonium 
chloride. The reaction was extremely fast, almost 
all of the sodium stearate having been consumed 
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within five to ten minutes after catalyst addition. 
(However, to insure completeness of reaction, the 
mixture was heated for thirty minutes in some of 
the experiments.”) At lower temperatures, the 
reaction proceeded more slowly so that at 60’ 
considerable amounts of unreacted sodium stearate 
were recovered even after four and a half hours of 
heating. The precautions for dryness required for 
the uncstalyzed reaction5 were not needed when 
catalyst was used, although the absence of mois- 
ture probably would improve yields somewhat. 

The effect of reaction temperature in the pres- 
ence and absence of added water was tested 
(Table 11). Water increased the rate of consump- 
tion of sodium stearate, but decreased its conver- 
sion to glycidyl stearate. Lowering of the reaction 
temperature decreased both the rate of sodium 
stearate consumption and the conversion of con- 
sumed sodium stearate to glycidyl stearate. This 
behavior is the same as that observed in the reac- 
tion of stearic acid. In  further analogy to the reac- 
tion of stearic acid, the only major product ob- 
tained in addition to glycidyl stearate was the 
“chlorohydrin ester,” the two types of esters again 
accounting for essentially all of the starting ma- 
terial. The data indicate that “chlorohydrin ester” 
formation is favored by low reaction temperatures 
and the presence of water. 

Significantly, and in contrast to the reaction of 
stearic acid, the reaction of sodium stearate and 
epichlorohydrin did not give rise to the formation 
of glycerol chlorohydrins. It was therefore un- 
necessary to recrystallize the crude product be- 
fore the “chlorohydrin ester” content was deter- 
mined. 

I n  order to determine the effect of prolonged 
heating upon the reaction mixture, stearic acid and 
sodium stearate were each refluxed with epichloro- 
hydrin for one-half hour and for five hours in the 
presence of benzyltrimethylammonium chloride. 
Analysis of the crude and of the recrystallized 
product revealed that prolonged heating causes the 
destruction of some of the glycidyl stearate formed 
initially and gives rise to oxirane-containing by- 
products not found after brief heating. 

The oxirane-containing impurities arise from 
an autoreaction of epichlorohydrin in the presence 
of benzyltrimethylammonium chloride. A mixture 
of such compounds was isolated after allowing 
epichlorohydrin to reflux in the presence of 
benzyltrimethylammonium chloride for six hours. 
Significant amounts of these products were not 
found after heating a similar solution a t  100’ 
for three hours. The number of components of this 
mixture has not yet been established, but it is 
known that nitrogen is absent, that the empirical 
fonnula of the combined impurities is close to that 

(17)  According t o  Kester et d . , 6  the uncatalyzed reac- 
tion requires twelve hours at reflux with rigorous exclusion 
of moi?ture t,o form glyoidyl stearate in irnstst,ed yidd. 

of epichlorohydrin and that t,he boiling range of the 
mixture is considerably above that of epichlorohy- 
drin. Studies on this problem are continuing. 

While the autoreaction of epichlorohydrin was of 
minor importance in the preparation of glycidyl 
stearate, because of the short reflux periods re- 
quired, its significance was much greater in the 
preparation of diglycidyl azelate. 

D. Reaction of epichlorohydrin with disodium aze- 
late. When epichlorohydrin, disodium azelate, 
and benzyltrimethylammonium chloride were 
heated at reflux for one-half hour, no oxirane- 
containing product could be isolated, and most of 
the disodium azelate was recovered unchanged. 
Heating the reaction mixture a t  reflux for six hours 
gave crude diglycidyl azelate having low purity and 
containing impurities arising from the autoreaction 
of epichlorohydrin. Recovery of pure diglycidyl 
azelate from this mixture was not readily accom- 
plished. 

The low reactivity of disodium azelate was as- 
cribed to low solubility in epichlorohydrin, result- 
ing in poor contact of the two reagents. Improve- 
ment of contact was achieved by dissolving diso- 
dium azelate in water before combining it with 
epichlorohydrin. As a result, all of the disodium 
azelate was consumed and the reaction completed in 
less than an hour giving fair conversions to crude 
products which were easily purifiable. 

The use of water in this reaction is contrary to 
the recommendations of previous workers in this 
field and, in fact, is contraindicated by the studies 
already described. However, the need for improved 
contact between epichlorohydrin and disodium 
azelate to shorten reaction time, coupled with the 
relatively low yield losses experienced in similar 
experiments with sodium stearate, prompted the use 
’of a partly aqueous system in this case. It is con- 
ceivable that other methods can be found to 
improve cont,act and shorten reaction time. Two ob- 
vious methods are the use of a higher reaction tem- 
perature under pressure and the employment of a 
noninterfering mutual solvent for sodium azelate 
and epichlorohydrin. These, however, were not tried 
in the present work. 

Three procedures, differing only slightly in de- 
tail, were used to combine the aqueous disodium 
azelate with epichlorohydrin and catalyst. Best 
yields were obtained by slow addition of the hot 
aqueous solution to boiling epichlorohydrin and 
removal of the water continuously as the epichloro- 
hydrin azeotrope. The rate of water removal was 
somewhat slower than the rate of addition, and the 
temperature of the reaction mixture decreased 
slowly as the water content of the mixture increased. 
The reaction was stopped when all of the aqueous 
azelate bad been added and almost all of the water 
had again been removed. In  modifications of this 
procedure, the water added slowly as azelate solu- 
tion v,wi kept in the reaction mixture at total reflux, 
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or the aqueous azclate was nddcd as one batch and 
the mixture refluxed. The higher yields obtained 
by the first method were ascribed to the higher 
reaction temperature, especially during the early 
part of the addition when water concentration in 
the mixture was low. 

This temperature dependency, noted previously 
in the reactions of stearic acid and sodium stearate, 
was shown to hold also for the reaction of disodium 
azelate with epichlorohydrin (see Table IV). 
In the study of this effect the batch mix method of 
contact was chosen for convenience in temperature 
regulation. Again, lowering of the reaction tempera- 
ture increased the time required for complete con- 
sumption of carboxylate and decreased conver- 
sion to the desired product. 

TABLE I11 
REACTION OF SODIUM STEARATE OR STEARIC ACID AND 

EPICHLOROHYDRIN.‘ EFFECT OF HEATINQ PERIOD 

Crude Glycidyl Once-crystallized 
Period Stearate Glycidyl Stearate 

at Conver- Concen- Conver- Concen- 
Starting Reflux, sion, tration, sion, tration, 
hlaterial Hr. %lb %b %lb 

~ 

Sodium 

Sodium 

Stearic 

stearate 0.5 93.3‘ 89.6 76.4’ 92.3 

stearate 5.0 93.0’ 81.1 66.4’ 83.8 

acid 0.5 70.0d 63.8 58.5d 78.7 
Stearic 

acid 5.0 63.4d 54.5 41.4d 68.3 

a Reagent ratios aa in Tables I and 11. * Based on oxirane 
determination by method of Durbetaki.21 Based on sodium 
stearate. Based on stearic acid. 

TABLE IV 
REACTION OF AQUEOUS DISODIUM AZELATE mm EPI- 
C H L O R O H Y D R I N . ~ ~ ~  INFLUENCE OF REACTION TEMPERATURE 

Crude Product 
Reaction Oxirane 

Reaction Time, Oxygen, Conversion to Glycidyl 
Temp. Hr.C %d Ester, %‘ 

~~ ~ 
~~ ~~ ~ 

92-94.5 0.5 6.95 68.2 
70 2.5 5.93 61 .O 
60 4.5 5.27 51.1 

a Aqueous azelate added batchwiseadded water re- 
Molar ratio of epichlorohydrin: diaodium azelate 

Required for complete con- 
Based on oxirane deter- 

tained. 
(33% aq.):BTM = 7:1:0.2. 
sumption of disodium azelate. 
mination by method of Durbetaki.21 

DISCUSSION 

Although elucidation of a reaction mechanism is 
not within the scope of the present paper, certain 
inferences regarding the site at which epichloro- 
hydrin is attacked by carboxylate may be drawn 
from some of the reported observations. The latter 
include the formation “chlorohydrin ester” in 
both acid (stearic acid) and neutral (sodium 

stearate) medium, the formation of glycerol di- 
chlorohydrin in acid mediuiii only a d  the d+ 
crease in glycidyl ester yield, and simultaneous 
increase in “chlorohydrin ester” yield, a t  lower re- 
action temperatures and in the presence of water. 
Glycidyl ester formation may occur either by direct 
displacement of chloride by carboxylate, the oxi- 
rane ring remaining intact throughout the re- 
action (path A) or by attack of the carboxylate ion 
on the terminal carbon of the oxirane ring giving 
rise to an intermediate alkoxide ion which subse- 
quently reforms the oxirane ring by displacement 
of chlorine (path B). 

If path A pertains, the appearance of “chloro- 
hydrin ester,” and also of glycerol dichlorohydrin, 
may be due to secondary addition of the elements of 
hydrogen chloride to glycidyl stearate and epi- 
chlorohydrin, respectively. In acid medium, where 
protons and chloride ions are products of the pri- 
mary reaction, such secondary additions are to be 
expected. In neutral medium, however, where pro- 
tons are not produced in the primary reaction, the 
formation of “chlorohydrin ester,” and particu- 
larly when not accompanied by the simultaneous 
appearance of glycerol dichlorohydrin, is incon- 
sistent with path A. Moreover, the formation of 
“chlorohydrin ester” as the principal reaction 
product a t  lower temperatures in acid medium 
(see Table I) would require, by path A, that under 
these conditions hydrogen chloride adds to the 
glycidyl ester with considerably greater ease than 
it adds to epichlorohydrin which is present in 
eightfold excess. At the reflux temperature, on 
the other hand, the preference of addition would 
have to be the reverse, i .e.,  in favor of epichlorohy- 
drin, since the glycidyl ester is the major reaction 
product. From the known properties of glycidyl 
esters and epichlorohydrin it is difficult to ration- 
alize this behavior. 

On the other hand path B represents a well 
known reaction of nucleophilic reagents. Alkoxide 
ions of the type hypothesized appear to have con- 
siderable ~ t a b i l i t y . ~ ~ ~ ~ ~  “Chlorohydrin ester” is 
formed when the alkoxide ion captures a proton, 
the likelihood of the latter reaction depending upon 
the availability of protons in the reaction medium. 
Consequently, more “chlorohydrin ester” would 
be expected to be formed by this path in acid 
medium than in neutral medium where the probable 
source of protons is any water which may be 
present. The experimental findings are in accord- 
ance with this hypothesis. 

It is consistent with path B that in neutral 
medium, where proton availability is low, glycerol 
dichlorohydrin is not found, since, in contrast to the 
(18) R. E. Parker and N. S. Isaacs, Chem. Revs., 59, 737 

(19) P. Ballinger and F. A. Long, J. Am. Chem. Soc., 81, 

(20) C. G. Swain, A. D.  Ketley, and R. F. W. Bader, 

(1959). 

2347 (1959). 

J. Am. Chem. SOC., 81,2353 (1950). 
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more basic alkoxide ion, epichlorohydrin is in- 
capable of abstracting protons from water. 

The observed increased production of "chloro- 
hydrin ester" a t  lower reaction temperatures 
again can be rationalized on the basis of path B. 
Nucleophilic displacement reactions such as the 
initial opening of the epoxide ring by carboxylate 
and the formation of the new epoxide ring by dis- 
placement of chlorine are expected to have the 
normal significant temperature dependence, while 
proton capture, essentially an acid-base reaction, 
would be affected relatively little. At the lower 
reaction temperatures, then, ring closure has been 
slowed down sufficiently to allow proton capture to 
become the predominating reaction. 

The above considerations lead to the conclusion 
that the experimental data now available are in 
better agreement with path B than path A. Holy- 
ever, in the absence of further information a final 
conclusion regarding the point of attack must be 
deferred. It is hoped that studies which are presently 
in progress will help to shed further light on this 
question. 

EXPERIMENTAL 

Alateria2s. Stearic acid. Ste:tric acid (Humko Hystrene 
m.p. 65-66.5", hcid No. 197.6) was recrvstallized twice 
from acetone at 2" to obtain purified stearic acid (m.p. 
69.3-70.0°, Acid S o .  l96.!)). 

Azelaic acid. Azelaic acid (li:nic~r!--~[1(~(~rystallizetl) was 
recrystallized tivice from water. The resulting moist solid 
was placed into toluene, water Jvas removed as toluene 
azeotrope, and the toluene solution R-as cooled and filtered. 
Drying in the vacuum ovcn gave refined azelaic acid 
(m.p. 105.3-107.3", Acid S o .  590.1). 

Sodium stearate. The mcthnd n,qrd was cwrnti:tllj- t,hat of 
Kester, et al. (5). 

DisodiuwL azelate. The prcxparation was analogous to  that 
of sodium stearate. 

Epichlorohydrin. Commercial epichlorohydrin ( Eastman) 
was redistilled at  Htmospheric pressure through a 20-in. 
Vigrcux cohinui, ~ n d  the frartion boiling :it 11cj-1160 K:IS 

collected. 
Benzl~ltrimethylani?t~o,riii,,i chloride. Coinnicwi:ii prcpara- 

h n s ,  eit,her the crystalline solid (E:istcrn ('hrtmicnl Corp.) 
or the 60-61 yc aqiieous solution !Coniiiicrcial Solvents 
Chrp. ) were used. The  solid \vas h!.yroscopic :ind was dricd 
zit 110" before use. 

Preparation of yl?iri&ii stenrate. (a  j Reaction of stearic 
acid and epicldoroh!iilrin in the presence of benzyltrimeih!/l- 
ammoniicin chloridt. The following drt:Liled prowtiur*? 
illustrates the gcincrnl n!c.thotI used t o  prfspare crude gI>~ritlyl 
stparat,e from str:iric acid. T':triatinns i n  this protwi\irc, 
siicli as changvs i n  reaction time, rcaction tcrnpclrstiirr, : i d  
w t t a r  contmt, arv listtd in T a h k  I toyethrJr with the 
results ohtained. Iri those e~pc.rinit~rits in n hich ~ d t l r d  a.:cter 
was present in thc. rc.xction mixture, thr :ititlition of ir:tt,er 
%its made either prior I t ,  or  eirnultaneousiv wi th  tlic nddit,ion 
bf cntulyst. 

.\ mixture of ~ ~ ) i ~ ~ l ~ l ~ ) r o h ~ ~ i l r i ~ ~  (74.0 g.. 0.8  illolr'i :inti 
stearic acid (28.4 g., 0.1 moli.') \vas heairti T i l  ] l o 0 ,  anti 
~ o l i e l  t i e ~ i z ~ l t r i r i i r t l ~ ~ . ! n ! i i i ~ i o ~ ~ i i ~ i ~  chloritir (0 .5  g.. 0 .002 i  
niolr) was :idded in one hst>ch. Thr rnixtun:  WIH heatrii :it 
reflux for .iU min. 'at nhic:!~ tiin? :here xa:; no remaining 
acidity), vas coolcti LO 6O0! snd was w s h e d  tivici. wir,li 
wawr (50 nil. at 45-50' for 30 min. cncii r m e .  The vxsh 
vatc- were disctrded, and unchanged epxhlorolivdrin was 
r ~ m o v e t l  from the orgmic phase by distiilrition under nitro- 

gen and a t  reduced pressure unt.il the temperature of the 
residue reached 70" at 7 mm. Toluene (50 ml.) was added 
to the residue, and remaining epichlorohydrin was removed 
as the toluene azeotrope by distillation until the tempera- 
ture of the residue again reached 70' at 7 mm. The distilla- 
tion with toluene was repeated. The final residue was crude 
glycidyl stearate (37.5 g.; oxirane oxygen, 3.0%) (theory for 
glycidy! stearate, 4.7%). The hydrobromic-acetic acid 
method of Durbetakizl was used in all oxirane determina- 
t'ions. 

The above crude material, recrystallized from acetone a t  
3", gave partly purified glycidyl stearate (oxirane oxygen, 
3.7yC; C1, 1.37%, sap. no. 180.3). 

The experimental saponification numbers reported in 
this paper were obtained by saponifying the sample in 
refluxing alcoholic potassium hydroxide for 5 hr., a period 
sufficient to achieve quantitative hydrolysis of chlorine 
atoms. The reported values, therefore, reflect the alkali 
consumpt'ion due to hydrolysis of ester groups as well as 
that due to hydrolysis of chlorine atoms. Since the impuri- 
ties tire mainly "chlorohydrin esters," the experimental 
saponification numbers of impure glycidyl esters are con- 
siclerd)ly higher than the t,heoretical values for these es- 
ters. 

(b) Keaction of sodium stearate and epichlorohydrin in the 
presence of benzyltrimethylammonium chloride: (1) To a 
vigorously agitated suspension of sodium stearate (45.9 g., 
0.15 mole) in epichlorohydrin (222.0 g., 2.4 mole) a t  reflux 
was added cryst,alline benzyltrimethylammonium chloride 
(2.8 g., 0.015 mole) and agitation and heating a t  reflux were 
continued for 10 min. The suspension was then cooled to 
60' water (125 ml.) was added, and the resulting mixture 
was agitated vigorously a t  45-50' for 45 min. A t  the end 
of this period, a small amount of solid, unchanged sodium 
stearate (A), was removed by filtration, t,he two layers of 
the filtrate were separated, and the epichlorohydrin phase 
was again wished with water (125 ml.). Solid (A)  was washed 
twice with hot acetone, and the latter was added to the epi- 
chlorohydrin solution. ( A )  after drying weighed 0.4 g. 
Unchanged epichlorohydrin was removed from the organic 
phase by distillation under nitrogen and a t  reduced pressure, 
finally with toluene, as described above. Residue: crude 
glycidyl stcarate (50.2 g.; oxirane oxygen, 4.2570; sap. no. 
171.3: c1. 0.4YC). 

Varintions in the above procedure included changes in 
reaction h i e ,  reaction temperature, and water content and 
arc listed in Table I1 together with the results obtained. 

An alt,ernate procedure, used for larger scale preparations, 
follom: (2) Sodium stearate (367.2 g., 1.2 moles), epichloro- 
hydrin (1776 g., 19.2 moles), and benzyltrimethylammonium 
chloride (22.3 g., 0.12 mole) were combined as before and 
allow-et1 to reflux for 30 min. The reaction mixture was 
conlrii, Lyasherl tn-ice Tvith water (720 mi. each time), and 
tht, x i shed  epichlorohydrin solut,ion was cooled a t  0' 
:tilt1 fi1ti.rt.d. The cake was washed with cold methanol f400 
nil. j :inti :illowed to air-dry. Crude glycidyl stearate (prob- 
: i l i I ~ -  stili cwntaining some epichlorohydrin) (358 g.; oxiranc 
e)xygen, 4,40C:,). The crude material {3-!5 g.) was dissolved in 
methyl :ict.tat,e (3450 g.), treated ~ i t h  FlorisilZ2 (30 g. i  
for 4.5 min. with occasional stirring, filrered, and cooled at 
2". Filtrat,ion, washing of the cake wich cold methyl acet'atc' 
(t520 g'i, :~nd  airdrying of the cake gavr glycidyl stcarate 
(2!17 p.; oriranc: oxJ-gen, 4.4870, 
rtidyl stv:ir:i t c ) ,  

( c )  l 'vppuration of rqfined g l  
iosirane ox;:gcn, 3.t 
!liaed four times froIii niethyl :icet,atc a t  2" 

(osiriine wntrnt  did not change d t r r  iirst recrSst:illization), 
~ : L W  rc.fintd p1ycid.d etearate (osirsnc csygen, 4.494'7,). 

( 2 : )  A .  J. Ijurhe:aki, .And. C i i c n ~ . ,  28, 2000 (19.56). 
<,Z) Rc-ftieiice t o  conuncrcial products dots no1 imply 

enctcrsement b~ the 1-nited State? Cepartixem of hgri. 
culture over similar products not iwntioned. 
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The latter product, recrystallized from acetone, gave 
glycidyl stearate (oxirane oxygen, 4.49%; m.p. 51.9-52.7"; 
sap. no. 165.3; total active hydrogen (Zerewitinoff), 0.015%; 
c1, 0.09%). 

Anal. Calcd. for CZ1H4003: C, 74.06; H, 11.84; 0 (total), 
14.10. Found: C, 74.16; H, 12.03; 0 (total), 14.15. 

Elemental analysis, saponification number, chlorine, and 
active hydrogen content indicated that the purity of the 
above material was in excess of 99%, but according t'o the oxi- 
rane determination, it waa only 95.7% pure. It is suspected 
that the analytical method for oxirane gives somewhat low re- 
sults, and that the actual purity of the refined product ex- 
ceeded 99%. 

In  addition to methanol and methyl acetate, dimethyl- 
formamide, acetone, petroleum ether (b.p. 63-70'), nitro- 
methane and acetonitrile may be used as solvents in the 
crystallization of glycidyl stearate. In most of these, how- 
ever, the solubilities of glycidyl stearate and the corre- 
sponding "chlorohydrin ester" (I  and 11) are too similar to. 
permit effective separation. 

Crude materials of low glycidyl stearate content (and 
correspondingly high content of "chlorohydrin ester") 
are difficult to purify by any of the methods att,empted. 
Distillation a t  reduced pressure gave some enrichment of 
glycidyl stearate content but had to be carried out rapidly 
to avoid extensive losses, probably because of interaction 
of the desired product with hydroxyl groups of the im- 
puri ies at elevated temperatures. Treat,ment of the crude 
material with phenyl isocyanate to tie up hydroxyl groups 
also resulted in significant losses of epoxy function, pos- 
sibly because of interaction of the phenylurethans formed 
with the oxirane group. 

Preparation of diglycidyl azelate. (a )  Reaction of azelaic 
acid and epichlorohydrin in the presence of benzyltrinzath?jl- 
ammonium chloride. Azelaic acid (28.2 g., 0.15 mole) and 
epichlorohydrin (222.0 g., 2.4 moles) were heated to 115" 
and benzyltrimethylammonium chloride (5.78 g., 0.03 mole) 
was added to the clear solution. The reaction mixture, after 
30 min. a t  reflux, did not contain any unchanged acid (acid 
number = 0) and was cooled to 60". Vigorous agitation with 
water (150 ml.) for 1 hr., to extract the catalyst, was followed 
by distillative removal of epichlorohydrin in the usual 
manner. The liquid residue was then heated further a t  
0.09 mm. and 60-90" under nitrogen, causing distillation 
of a clear liquid (B). The resulting residue was crude digly- 
cidyl azelate (nv ' 5  1.4669; oxirane oxygen, 6.1870) (calcd. 
for diglycidyl azelate: 1O.63y0). Two recrystallizations of 
the crude material from 95y0 ethanol a t  -25" gave impure 
diglycidyl azelate ( n y  " 1.4597; oxirane oxygen, 8.44%). 
Attempted resolution of the residue by chromatography 
using a Florisil column and benzene-petroleum ether (b.p. 
63-70') aa eluent gave a maximum oxirane oxygen content 
of 8.82y0 in one fraction with poor resolution. Use of neu- 
tral alumina instead of Florisil resulted in almost complete 
destruction of the oxirane ring. 

Distillate B (7.3 g.; n3,J.n 1.4742) was identified as im- 
pure glycerol a-dichlorohydrin from its infrared spectrum 
and from the prepared phenylurethan. 

(b) Reaction of disodium azelate and epichlorohydrin in 
the presence of benzyltrimethylammonium chloride (non- 
aqueous medium). A suspension of disodium azelate (17.4 g., 
0.075 mole) in epichlorohydrin (222.0 g., 2.4 moles) was 
heated to reflux with stirring, and solid benzyltrimethyl- 
ammonium chloride (3.8 g., 0.02 mole) was added. The mix- 
ture was agitated a t  gentle reflux (116-119.5") for 6 hr., 
cooled to 90°, washed twice with water (150-ml. portions), 
and worked up, as described for glycidyl stearate, by dis- 
tillative removal of free epichlorohydrin a t  reduced pressure. 
The liquid distillation residue was crude diglycidyl azelate 
(33.3 g.; oxirane oxygen 6.95%). The weight and oxirane 
content indicate a conversion of 96.5% of the carboxylate 
groups to glycidyl ester, based on the assumption that the 
oxirane content is due solely to glycidyl ester groups. This 
assumption i s  not warranted in this case, however, since 

prolonged contact of refluxing epichlorohydrin with benzyl- 
trimethylammonium chloride gives rise to oxirane con- 
taining materials which remain with the distillation residue 
(see below, Reaction of Epichlorohydrin and Benzyltri- 
methylammonium Chloride). The calculated conversion of 
carboxylic groups to glycidyl ester is 77.8% after correc- 
tion for the amount of oxirane-containing nonester impun- 
ties estimated to be present. 

(c) Reaction of aqueous disodiiini azelde and epichloro- 
h ydrin in the presence of benzyldinielhylamfnQniunl chloride. 
Epichlorohydrin (400 g., 4.3 moles was heated to reflux in 
a three-neck flask equipped with two addition funnels, stirrer, 
and Dean-Stark water trap topped by a reflux condenser. 
Solid benzyltrimethylammonium chloride (11.6 g., 0.06 mole) 
was added in one batch. Epichlorohydrin (100 g., 1.1 moles) 
was allowed to run into the boiling mixture from one of 
the addition funnels a t  a rate sufficient to keep the amount 
of epichlorohydrin in the reaction mixture approximately 
constant. A solution of disodium azelate (69.6 g., 0.3 mole) 
in water (140 ml.) was preheated to 80-90" and maintained 
at, that temperature by means of a heat lamp, while it was 
added dropwise to the boiling reaction mixture. Water 
and epichlorohydrin distilling out of the mixture were col- 
lected in 6he Dean-Stark tube, cooled t.0 room temperature 
in a separatory funnel, the phases separated, and the epi- 
chlorohydrin phase ret,urned to the proper addition 

Upon completion cf azelate addition (35 min.), distillation 
of water and epichlorohydrin as well as epichlorohydrin re- 
cycling were continued for 15 min. A t,otal of 455 ml. of 
epichlorohydrin and 133 ml. of water were distilled. The 
reaction mixture was cooled and was washed with two por- 
tions of water (200 ml. each). Acidification of the combined 
wash waters did not result in the formation of a precipitate, 
showing that sodium azelate had been consumed com- 
pletely. The epichlorohydrin solution was worked up in 
the usual manner by distillative removal of epichlorohydrin 
at  reduced pressure under nitrogen. The liquid rcsiduc, was 
crude diglycidyl azelate (90.8 g.; oxirane oxygen, 8.13%; 
ny" 1.4613; sap. no. 409.3; C1, 3.9070). 

(c) Preparation of refined diylycidyl azelde. Crude digly- 
ridyl azelate (80.6 g., oxirane oxygent 8.13%) waa difi- 
solved in 500 ml. of a 1 : 1 solution of benzene and petroleum 
ether (b.p. 63-70'), Florisil (8.0 g.) was added, and the 
mixture was allowed to stand for 1 hr. with occasional agita- 
tion. The mixture was then filtered and the filtrate was 
distilled at  atmospheric pressure to obtain a liquid residue 
which was further heated at  50-65" and 2 mm. pressure for 
30 min. The remaining liquid was partially purified digly- 
cidyl azelate (70.3 g.; oxiranc oxygen, 8.39%). The latter 
material was recrystallized three times from aqueous mctha- 
no1 (9 volumes methanol plus 1 volume water) at -25" to 
obtain refined diglycidyl azelate [oxirane oxygen, 1o.33yO, 
(theory, 10.6370), n","' 1.4573; sap. no. 375.0; (theory, 
373.0), Cl, O.OSc/b; active hydrogcn (Zerewitinoff), 0.07570]. 
Other methods of purification were tried, especially on 
some of the crude materials of low purit,y. Column chro- 
matography on Florisil using benzene-petroleum ether (b.p. 
63-70') mixtures as eluent gave considerable improvement 
in purity but very poor resolution. Alumina used as ad- 
sorbant destroyed the oxiranc group c,ompletely, perhaps by 
isomerization analogous to reactions of other epoxy com- 
pounds a t  high  temperature^.^^ Crystallization from sol- 
vents other than aqueous methanol or 950/, ethanol proved 
unsatisfactory. Dist.illation gave poor separation and, a t  
higher pot temperatures, led to large losses by polymeriza- 
tion. Attempted extraction of diglycidyl azelate from the 
crude ester mixture with benzene-petroleum ether (b.p. 

(23) In later experiments, use of a modified trap per- 
mitted continuous return of distilled epichlorohydrin to the 
reaction mixture. 

(24) F. G. Ponomarev, Zhur. Obshchei Khim., 24, 1371 
(1964)- [Chem. Abstr., 49, 10850e (1955)]. 
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63-70') showrd some promise hiit was not explored 
further. 

Reaction of epichlorohydrin and benzyltrimethylammonium 
chlori&. Epichlorohydrin (222.0 g., 2.4 moles) and benzyl- 
trimethylammonium chloride (3.8 g., 0.02 mole) were heated 
a t  reflux for 6 hr., and the reaction mixture waa cooled and 
agitated vigorously with water (150 ml.) for 1 hr. Unchanged 
epichlorohydrin was removed, as previously described, by 
distillation a t  reduced pressure under nitrogen. A liquid 
residue, nonvolatile under these conditions, remained (8.2 
g.; oxirane oxygen, 5.67;) (qualitative test for chlorine- 
positive). 

Reaction of hydrogen chloride and glyn'dyl stearate. To an 
anhydrous solution of hydrogen chloride in ether (500 ml., 
hydrogen chloride concentration-0.40N), prepared by the 
method of Swern et ~ 1 . ~ 5  was added a solution of glycidyl 
stearate (34.0 g; oxirane oxygen, 4.4770) in ether (250 ml.) 
The resulting solution waa allowed to stand a t  room temper- 
ature for 16 hr. and was then washed successively with water, 
dilute aqueous bicarbonate, and again water until the water 
washes were neutral to pH paper. The ether solution waa 
then distilled on a steam bath and the oily residue (38.6 g.; 
oxirane oxygen, 0) was allowed to solidify a t  room tempera- 
ture. The residue precipitated as a gelatinous solid on re- 
crystallization from aqueous methanol a t  room temperature. 
Recrystallization from an ether-petroleum ether (b.p. 
30-60') mixture a t  -25' gave a crystalline solid which was 
dried to  give "chlorohydrin ester" (presumably a mixture of 
3-chloro-2-hydroxypropyl stearate and 2-chloro-3-hydroxy- 
propyl stearate) ( n y  1.4500). 

Anal. Calcd. for C~IHIIOSC~: C, 66.90; H, 10.96; C1, 9.40; 
OH, 4.51. Found: C, 66.90; H, 10.94; C1, 9.95; OH, 4.60. 

Identifiation of some by-products in the preparation of 
glycidyl stearate. (a) By-products in the reaction of stearic 
acid and epichlorohydrin. Skaric acid (142.0 g., 0.5 mole) 
and epichlorohydrin (370.0 g., 4.0 mole) were heated to 
105' and benzyltrimethylammonium chloride (4.1 g., 
0.022 mole) waa added. The mixture was heated a t  reflux for 
22 min. (no remaining acidity), cooled, and washed twice 
with water (250 ml.). The epichlorohydrin solution was 
cooled a t  2' overnight and filtered. The filtrate was re- 
served and the cake slurried twice with methanol (400 ml.) 
at room temperature, and each time the slurry wLw cooled a t  
2' and filtered. 

The epichlorohydrin filtrate and the combined methanol 

(25) D. Swern, T. W. Findley, G. N. Billen, and J. T. 
Scanlan, Anal. Chem., 19, 414 (1947). 
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filtrates were distilled srparatdy a t  rcvlurrd prrssiirc under 
nitrogen, m d  each residue waa freed of epichlorohydrin 
completely by addition of toluene ("1. portions) and 
distillation a t  reduced pressure. The liquid residues wen: 
combined to give mixture (C) (49.6 g.; oxirane oxygen, 
0.93700; sap. no., 507; C1, 27.20/,). 

Mixture C (32.0 9.) waa heated a t  40-85' and 0.06-0.07 
mm. preclsure, and B liquid (D), distilling a t  27-30.5' at 
0.06 mm., was collected (10.7 g.; n y . "  1.4754; oxiranc oxy- 
gen, 0.310/0). D waa identified as impure glycerol a-dichloro- 
hydrin from its infrared spectrum and from ita phenylure- 
than (m.p. 72-73'). 

The still residue from C, after cooling, was a solid (E). 
A portion of E was dissolved in warm petroleum ether (b.p 
63-70'), and the solution waa allowed to cool to room tem- 
perature, giving a second solid which, after two recrystalli- 
zations from petroleum ether (b.p. 63-70') waa identified 
as glycerol monostearate (m.p. 73.5-74.3'). 
, A d .  Calcd. for CzlHtnO~: C, 70.34; H, 11.81; OH, 9.48. 
Found: C, 70.32; H, 11.91; OH, 9.09. 

Another portion of E dissolved in petroleum ether (b.p. 
63-70') the cooled mixture filtered, and the filtrate evapo- 
rated to dryness gave a solid which was recrystallized from 
methanol. The infrared spectrum of this solid was identical 
with that of authentic "chlorohydrin ester" prepared by 
reaction of hydrogen chloride and the glycidyl stearate. 

(b) By-products in  thR reaction of sodium stearate and 
epichloiohydrin. Sodium stearate (153.0 g., 0.5 mole) and 
epichlorohydrin (740.0 g., 8.0 mole) were heated to reflux, 
and benzyltrimethylammonium chloride (9.3 g., 0.05 mole) 
N~M added in one batch. The mixture waa heated at reflux 
for 5 min., cooled to 90', and stirred vigorously with water 
(500 ml.) for 80 min. The mixture was filtered to remove 
unchanged sodium stearate (1.5 g.), the phases of the filtrate 
were separated, and the epichlorohydrin layer was again 
agitated wvith water (500 ml.) The washed epichlorohydrin 
solution waa cooled a t  2' and filtered. The epichlorohydrin 
filtrate waa reserved, and the cake (144.9 g.) was recrystal- 
lized from mcthanol nt 10' to give recrystallized glycidyl 
stearate (139.1 6.). The methanol mother liquor was dis- 
tilled a t  reduced pressure to remove the solvent. The residue, 
after addition of toliiene (50 ml.), waa heated to  60' a t  15 
mm. to reiiiove tracrs of epichlorohydrin. The resulting solid 
(2.7 9.) waa recrystallized from ether-petroleum etlirr 
(b.p. 63-70') to give a whitc solid material (oxirane oxygcn, 
1.58%) which, according to its infrared spectrum, was a 
mixture of glycidyl stearate and "chlorohydrin ester." 
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Synthesis of Arachidonic Acid 
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Arachidonic acid (eicosa-5,8,11,14tetraenoic acid) has been synthesized from acetylenic intermediates. The propertirs 
of the methyl ester were found to be practically identical with those of the methyl ester of naturally occurring arachidonic 
acid. 

Linoleic acid (1,z = 4,y = 2,2 = 6), 7-linolenic 
acid (1,x = 4,y = 3,z = 3) and arachidonic acid 
(1,z = 4,y = 4,2 = 2) belong to a group known as 

CHa(CH2)z (CH=CH-CHI), (CH2)XOOH 
I 

the essential fatty acids (EPA).' It is generally 
accepted that the all cis geometric isomers of there 

unsaturated fatty acids are the biologically active 
forms. 

(1) For comprehensive reviews see (a)  The Vitamins, 
W. H. Sebrell, Editor, Academic Press Inc., New York, K. 
Y., 1954, Vol. 11, Chapter 7, pp. 267-319; (b)  H. J. 1)eiiel 
and R. Wir in Vlamins and Hormones, Academic Press 
IDC., New York, N. Y., 1955, Vol. XIII, pp. 29-70; (c)  
Essential Faity Acids, H. M. Sinclair, Editor, Academic 
Press Inc., New York, ?rT. Y.,  1958. 


