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On the basis of the results shown in Table 5, oxalyl 
chloride is the only reagent capable of converting the 
higher unsaturated fat ty acids to their acid chlorides 
in reasonably good yields. The use of phosphorus 
chloride apparently results in considerable poly- 
merization of the unsaturated acids with correspond- 
ing reduction in the yield of acid chloride. 

Summary 
Fat ty  acid chlorides of lauric, myristic, palmitic, 

stearic, oleic, elaidic, and linoleic acids were prepared 
using phosphorus tri- and pentaehlorides, oxalyl Chlo- 
ride, and thionyl chloride as chlorinating agents. On 
the basis of yields, ease of handling, and cost of 
reagent, phosphorus tri- and pentachlorides are su- 
perior to other chlorinating agents for the prepara- 
tion of the higher fat ty acid chlorides for use as 
intermediates in the preparation of pure saturated 
fatty acid glycerides of known structure. The unsat- 
urated fat ty acid chlorides are, however, best pre- 
pared from oxalyl chloride. 

The use of phosgene, which has been patented for 
the preparation of acid chlorides, failed to effect 
efficient conversion of the higher fat ty acids to the 
corresponding chlorides. 

The analysis of the fatty acid chlorides by conver- 
sion to anilides provides a simple and easy means for 
ascertaining the extent of conversion of fat ty acids 
to chlorides. By means of this method it is possible 
to follow readily the course of the reaction in order 

to determine when complete conversion of fa t ty  acid 
to fat ty acid chloride has been effected. 
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Spectral Properties of Linoleic and Linolenic Acids 
Prepared by Debromination 

R. T. O'CONNOR, D. C. HEINZELMAN, MAIZIE CARAVELLA, and S. T. BAUER 
Southern Regional Research Laboratory, 1 New Orleans, Louisiana 

I NCIDENT to studies on the thiocyanogen reagent 
and method recently described (11) it was found 
necessary to prepare pure samples of linoleic and 

linolenic acids. Use of the ultraviolet spectrophoto- 
meter to determine the percentage of conjugated 
isomers present in various preparations of these acids 
indicated the necessity of introducing certain refine- 
ments and precautions into the usual methods of 
preparation. As a result of these refinements speci- 
mens of linoleic and linolenic acids were obtained 
which were of higher purity spectroscopically than 
those previously reported (3, 18). 

The absorption spectra have been determined for 
each of the acids which were obtained by the various 
modifications applied in their preparation. The data 
obtained offer a striking example of the utility of the 
spectrophotometer in following the progress of the 
preparation of a pure compound. The ultraviolet 
spectra of the pure fat ty acids are of considerable 
importance in view of the increasing use of the spec- 
trophotometric method of determining the composi- 
tion of fats and oils and in establishing reference val- 
ues for use in this type of analysis (1, 2, 7, 14, 15). 

1 One of the laboratories of the Bureau of Agricultural and Indus t r i a l  
Chemistry, Agricultural Research Administration, U. S. Depar tment  of 
Agricul ture.  

Preparation of the Acids 
The acids were separated and purified by modifica- 

tions of welt recognized and generally accepted meth- 
ods. However, only by observing additional precau- 
tions and introducing successive refinements in these 
methods was it possible to obtain acids of the highest 
purity. 

L i n o l e i c  A c i d :  Preparation No. 1". Tetrabromo- 
stearic acid (m.p. 114.2°-115.0 ° C., total immersion 
thermometer) was prepared from the fat ty acids of 
corn oil according to the method of McCutcheon (12). 
Debromination was carried out in ethyl ether in ac- 
cordance with the method of Frankel and Brown (5). 
Excess ether was removed at room temperature under 
reduced pressure and the ether-free acid was distilled 
in a Claissen flask submerged in an oil bath. Distilla: 
tion in this manner yielded two fractions which were 
collected over a boiling range of 176°-178 ° C. at 0.4 
mm. pressure. 

Preparation No. 2: A survey of the literature 
showed that melting points of tetrabromostearic acid 
had been reported which were higher than that used 
for preparation No. 1. Accordingly, the tetrabromides 
were subjected to purification by a modification of the 
method recommended by Kass, Lundberg, and Burr 
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(9), namely, recrystallization from Skellysolve-L 
with the addition of charcoal to remove color, fol- 
lowed by solution in ether and subsequent precipita- 
tion from the ether solution by addition of Skelly- 
solve-F, and finally crystallization from Skellysolve-L. 
This procedure produced a white crystalline tetra- 
bromostearic acid (m.p. 115.5°-115.8 ° C., total immer- 
sion thermometer) but the yield was low. Debromina- 
tion was carried out as described for preparation No. 
1. However, the recovered linoleic acid was trans- 
ferred to a molecular pot-still (8) for distillation. 
Three fractions were collected at temperatures be- 
tween 115°-113 ° C. at 5 X 10 -5 ram. pressure. 

Preparation No. 3: Examination of the first two 
preparations of linoleic acid indicated the need for 
in t roduc ing  special precautions against oxidation. 
Also improvement in the method of purification was 
deemed desirable to increase the yield. These im- 
provements were accomplished by recrystallization of 
the tetrabromostearic acid, once from ethyl ether and 
twice from Skellysolve-b, using Skellysolve-F to wash 
the precipitate. Decolorizing carbon (Darco) was 
added during the first crystallization from Skelly- 
sotve-L. The white tetrabromostearic acid (m.p. 
115.5°-115.8 ° C., total immersion thermometer) was 
debrominated in peroxide-free ether according to the 
method of Frankel and Brown (5). The ether solu- 
tion of the regenerated linoleic acid was filtered under 
an atmosphere of carbon dioxide, dried over sodium 
sulfate for one hour, and refiltered under the same 
conditions. The ether was removed under reduced 
pressure and the pure acid allowed to stand under 
vacuum overnight. Finally, the acid was fractionated 
in a molecular pot-still, fractions being collected at 
115.0%113.0 ° C. at 4 )< 10 -~ mm. pressure. 

Preparation No. 4: The preparation was carried 
out in every detail as in preparation No. 3 to the 
point of debrominating the tetrabromostearic acid 
which was conducted in an atmosphere of oxygen-free 
nitrogen. The nitrogen was purified by passing 
through an electrically heated combustion tube 
packed with copper oxide wire which had been re- 
duced with hydrogen. The entire procedure for free- 
ing and handling the acid was carried out under an 
atmosphere of nitrogen in order to exclude any pos- 
sibility of oxidation. The regenerated acid was finally 
fractionated in a molecular pot-still, during which 
the fraction reported upon here was collected at a 
temperature of 113.0°C. at 1 X 10 -4 to 4 X 10 -5 ram. 
pressure. 

L i ~ o l e n i c  A c i d :  Preparation No. 1: Hexabromo- 
stearic acid was prepared from linseed oil according 
to the method of R ollett (16). Crystallization of the 
hexabromides from Skellysolve-L, followed by recrys- 
tallizatiou from xylene, yielded a product melting at 
183°-184.5 ° C., total immersion thermometer. De- 
bromination of the hexabromostearic acid was carried 
out according to Frankel and Brown (5). The dry, 
ether-free acid was distilled from a Claissen flask at 
180°-182 ° C. at 0.3 ram. pressure. The product was 
a pale yellow liquid having somewhat low iodine and 
thiocyanogen values and an appreciable peroxide 
value. 

Preparation No. 2: Another lot of hexabromo- 
stearic acid was prepared from linseed oil according 
to the method oi" Rollett (16). Decolorization with 
activated carbon (Darco) and five reerystallizations 
from toluene gave a white crystalline product (m.p. 

185.5°-186.0 ° C., ~ total immersion thermometer). De- 
bromination of the hexabromostearic acid was carried 
out according to the method of Frankel and Brown 
(5), with peroxide-free ether in an atmosphere of car- 
bon dioxide. Following the removal of the solvent, 
the acid was fractionated in a molecular pot-still at 
1 X 10 -5 ram. pressure. The fraction representing the 
purest acid distilled at 115.5°-116.0 ° C. 

In the distillation of the linoleie and linolenic acid 
products, various fractions were collected with the 
object of separating the impurities into the first and 
residual fractions. Data obtained on these fractions 
showed that in all cases the middle fraction eontalned 
the purest acids. Analytical data obtained on these 
middle fractions, showing the progressive increase in 
the purity of the linoleic and linolenic acids prepared 
by the various modified methods, are given in Table 1. 

T A B L E  1 

Charac ter i s t ics  of Linoleic  and  Linolenic Acids 

Iodine Thiocyanogon Peroxide  
Acid Samples Value a Value  b Value  ¢ 

Linoteie  No. 1 ............................ 177.0 95.5 
Linoleie  No. 2 ............................ 178.5 94.5 .... 
Linoleic  No. 3 ............................ 180.0 ...... 4.0 
Linoleic  No. 4 ............................ 180.2 97.0 2,7 

Linolenic  No. 1 .......................... 265.1 165.3 14.2 
Lino len ic  No. 2 .......................... 272.1 167.1 4.0 

a Iod ine  va lues  were de te rmined  with 150% excess of 0.2 N W i j s  
r eagen t  and a react ion period of one  hour .  Theoret ical  va lue s :  l i l e l e i c  
acid, 181.0;  linolenic acid, 273.5. 

b Thiocyanogen va lues  were  determined w i th  0.2 N thiocyal logen 
reagen t  con ta in ing  25% of CCI4. Empirical values: linoleic acid, 96.7 ;  
]inolenie acid, 167.1 ( 1 2 ) .  

e Mi l l iequiva ten ts  of peroxide per  k i log ram of acid.  Peroxide  deter- 
mined  by method of . b ~  (10)  modified as follows: Twenty-five ml. of 
a chloroform-acetic acid solut ion ( 2 : 3 )  and one gram of powdered 
potass ium iodide were  added to the sample in a flask. Af ter  standing 
for  one hou r  in  a cool dark cabinet, 50 ml. of water was added and 
the mix tu re  t i t ra ted  wi th  0.1 N Na2SzOa. 

In the case of both linoleic and linolenic acids the 
fractions used for analysis were weighed immediately 
into micro beakers and transferred to 125-ml. ground- 
glass stoppered Erlenmeyer flasks. The reagent was 
pipetted into the flasks at once, thus limiting the pos- 
sibility of oxidation. The same precaution was ob- 
served in all the samples. 

Spectrophotometric Criteria of Purity 
As the product from each method of preparation 

was obtained, its absorption spectrum in the ultravio- 
let region from 220 m/, to 320 m/, was measured. The 
spectrophotometric measurements were made with a 
Beckman quartz spectrophotometer with an effective 
slit width of from 2.0 m/, to 0.5 m/,. Samples of the 
acids were weighed directly into volumetric flasks, 
and optically pure cyclohexane (6) was added to give 
a concentration of approximately 7 grams per liter. 

Extinction curves of the four linoleic acids, Figure 
1, Curves A to D, and the two linoIenic acids, Figure 
2, Curves A and B, show successively decreasing ab- 
sorption owing to the removal of or repression of con- 
jugated impurities by progressively modified and im- 
proved methods of purification. 

Curve A in Figure 1 shows marked characteristic 
absorption in the regions of diene conjugation, 232 
m/z, and of triene conjugation, 268 m~, and also meas- 
urable absorption in the tetraene region, 310 m~. Ap- 
parently the preparation of linoleie acid by procedure 

2 The sample of b romina ted  acid. and thermometer  were placed ill an 
oil bath preheated to 170 ° C. The temperature was increased at the 
rate of 1°-2 ° per  m i n u t e  until the melting point of the sample was  
reached. 
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No. 1 is accompanied by the formation of relatively 
large quantities of conjugated constituents. 

The second curve of Figure 1, Curve B, shows the 
effect of molecular distillation used in purifying 
preparation No. 2. Diene conjugated impurities were 
almost entirely eliminated and triene and tetraene 
conjugated constituents were greatly reduced. How- 
ever, there was still a measurable quantity of triene 
conjugated acid in the sample. 

Curves C and D of Fi~ure 1 illustrate the continual 
reduction in conjugated components, particularly 
triene conjugation, with the introduction of addi- 
tional precautions to preclude oxidation from the 
method of preparation. As indicated by Curve C, the 
use of carbon dioxide in preparation No. 3 further 
decreased the quantity of triene conjugated material. 
However, only when purified nitrogen was used in 
preparation No. 4 was it possible to completely elimi- 
nate the triene and tetraene conjugated acids, as in- 
dicated by Curve D. The acid from preparation No. 4 
showed no measurable amounts of diene, triene, or 
tetraene conjugated acids, as is evident from absorp- 
tion curve D of Figure 1. 

Figure 2 illustrates in a similar manner the increase 
in purity of the linolenic acid attained in preparation 
No. 2 compared t6 that from preparation No. 1. Curve 
A of this figure (preparation No. 1) indicates the 
presence in the sample of relatively large quantities 
of triene and tetraene conjugated impurities. Molecu- 
lar distillation and the use of an atmosphere of carbon 
dioxide in preparation No. 2 reduced the amount of 
conjugated material to negligible quantities. 

Extinction coefficients (a = E ~./L ) for the four 
1 em. 

samples of lino]eic acid and the two samples of lino- 
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Fro. 2. Ultraviolet Absorption of Linolenic Acids. 
A--Preparation No. 1 
B--Preparation No. 2 

lenic, throughout the regions of diene, triene, and 
tetraene absorption, are tabulated in Table 2. The 
percentages of conjugated acids which were present 
in the various preparations and represented by the 
absorption bands of Figures 1 and 2 were calculated 
by the methods proposed by Brode, Patterson, Brown, 
and Frankel (3), and by Brice and Swain (2), mad 
are also included in Table 2. These data further illus- 
trate the effect of the different procedures for the 

• purification of linoleic and linolenie acids, and the 
importance of the use of spectrophotometric measure- 
ments as an additional criterion of purity. The re- 
arrangement of double bonds from nonconjugated to 
conjugated systems during heat bodying of a drying 
oil was first proposed by Scheiber (17) and has since 
been considered to be one of the important factors i n  
the polymerization mechanism: Recently, Farmer and 
co-workers (4) have shown by spectrographic meas- 
urements that esters such as ethyl linolenate develop 
conjugation during the course of auto-oxidation by 
atmospheric oxygen in the illumination of the labora- 
tory at a temperature of about 20 ° C. The present 
investigation further emphasizes the necessity of elim- 
inating contact of the unsaturated fat ty acids with 
oxygen during their preparation. I t  would appear 
that oxygen may have had more effect on the forma- 
tion of conjugated isomers than the zinc bromide, 
which is present during the debromination as postu- 
lated by Brode et al. (3). 

Summary 

Modified procedures are described for the prepara- 
tion of linoleic and linolenic acids which remove 
and/or prevent the formation of conjugated acids. 
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TABLE 2 

Speetrephotometric Measurements of Linoleic and Linolenlc Acids 

Sample No, 

Extinction Coefficient a = E g./l. 1 cm. 

Wave Length m~ 

232 _. 233 262 268 274 280 

Linoleic No. 1 0.499 0.494 0.328 0.396 0.339 0.332 
Linoleie No. 2 0.121 0.115 0.059 0.063 0.055 0.051 
Linoleic No. 3 0.095 0.088 0.025 0.026 ~.022 0.020 
Linoleie No. 4 0.062 0,056 0.015 0.013 0.012 0.010 

Linolenic No. 1 0.424 0.422 0.581 0.677 0.658 0.650 
Linolenic No. 2 0.083 0.078 0.022 0.020 0.018 0.016 

310 316 322 

0.0270 9.0321 0.0261 
0.0056 0.0046 0.0032 
0.0023 0.0018 0.0016 
0.0031 0.0026 0.0024 

0,349 0.450 0.328 
0,0058 0.0061 0.0049 

Conjugated Acids 

Diene ~ Triene 1 Tetraene ~ Die~e z Triene ~ Totraene ~ 

0.39 0.24 0.013 0.39 0.082 0.0063 
0.092 0.038 0.0016 0.077 0.0078 0.00023 
0.072 0.015 0.0008 0.055 0.0033 0.00 
0.046 0.0069 0.0012 0.027 0.00 0.00 

0.31 0.40 0.16 0.33 0.075 0.13 
0.064 0.011 0.0024 0.045 0.00 0.00085 

a Calculated according to method of Brode et a/ (3) .  
Calculated according to method of Brice and Swain (2) .  

The importance of spectrophotometric measurements 
as a criterion of purity is emphasized. 
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I l L  

The  Fat ty  A c i d s  of M e n h a d e n  Oil.  
D i s t i l l a t i o n  of the Hydrogenated  M e t h y l  Es t er s  and 

E v a l u a t i o n  of the Carbon Series* 

F R A N K  A. SMITH ** and J. B. BROWN 
Laboratory of Physiological Chemistry, Ohio State University, Columbus, Ohio 

I N T H E  first paper (1, 2) of this series the methyl 
esters of menhaden oil were distilled through an 
efficient column and the C~2, C~4, Cls, and C~s 

fractions were studied mainly by low temperature 
crystallization. I t  was pointed out that not all of the 
C18 esters of the specimen were included in the C~ 
main fraction resulting from this distillation because 
we did not try to distill the high boiling fractions con- 
taining the highly unsaturated esters. In view of the 
work of Framer and van den Heuvel (3) and of our 
experience ill this laboratory the polyethylenic esters 
of this oil, especially those of the C2o and C22 series, 
are seriously altered by long exposure to the condi- 
tions of distillation with the resultant formation of 
polymerised and cyclized material. In view of these 
facts the usual ester distillation method for the evalu- 
ation Of the carbon series cannot be applied to the 
methyl esters of menhaden oil directly. Accordingly 
we have attempted to evaluate the composition by 
analysis of the fractions resulting from distillation 
of the hydrogenated methyl esters. The results thus 
obtained are slightly distorted, especially in the 
higher series, because of their high original unsatura- 
tion and of the fact that addition of hydrogen to the 
C2o and C2~ series results in an appreciable increase 

* Presented in partial fulfillment of the requirements for the degree 
of doctor of philosophy in the Graduate school. 

** Present  address: School of Medicine and Dentistry, University of 
Rochester, Rochester, New York. 

in the amounts of these fractions actually reported 
below. 

Experimental 
Two gallons of the specimen of menhaden oil used 

in our previous work was hydrogenated for us in the 
laboratory of the Procter and Gamble Company 
through the courtesy of Dr. A. S. Richardson. Four- 
teen hundred and fifty g. of this fat was esterified in 
the usual manner. The crude esters were distilled: 
B.P. 180-238 ° at 2 ram. The residue from this distil- 
lation was transferred to a smaller flask and an ad- 
ditional distillate (14.6 g.) obtained; m.m.w. 456 and 
I.N. 33.9. The yield of esters was practically quanti- 
tative. The main product, not including the 14.6 g., 
analyzed as follows: m.m.w. 300.9; I.N. 6.9. Six hun- 
dred and four g. of these esters was distilled through 
our packed column. The results of the distillation, 
analyses of the fractions, and calculations of com- 
ponent carbon series are shown in Table I;  6.8 g. of 
the original 15 g. residue was apportioned to the resi- 
due fraction of this distillation and included as 
"above C26" material in the table. 

The carbon series of menhaden oil as shown in Ta- 
ble I include acids from C14 through and above C2e. 
The 0.1% of C12 esters found in our former work (1) 
is not apparent from the distillation of this compara- 
tively small amount of esters but must be considered 
as present. Since the saturated and monoethyleni¢ 


