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Lloyd K* Parks, Bootor of Philosophy* 1943*
Majors Organic Qbe&istry, Departmant of Qhmim%ry 
Title of Thesis* The Chemistry of Me&haden Oil*
Directed by Dr* Hugh ?• Creech
l,j«gw ill thesis* 3&* Words in abstract, 228

A procedure of low-*temperature crystallisation aim be
used to' Isolate hexadeosaolc said in a reasonably pure form 
from a mixture of sixteen carbon ebon aside end to concen­
trate the hexadecatrienolc aside of the same fraction*

The methyl esters prepared from the uttsatoreted fatty 
acids of menhaden oil ware fractionated at a low pressure, 
and the fraction containing the esters of the sixteen carbon 
atom ©aids was subjected to low-tenpersture crystallisation 
from various solvents*

The original commercial dsatsarinated menhaden oil was 
found to contain 7*7 per sent hexadeesnoie acid and 1*3 per sent of hexadeoatrienoio a cl do. On the basis of the total imaetursted acids (lead soaps soluble in ethanol), these val­
ues become 10*0 per cent end l#i per sent, respectively*

Kydroxyiation of the hexsdeeeiude ©aid with alkaline 
psrmenganata and with hydrogen peroxide, followed by peri­odate cleavage of the hydroxylsted compounds and subsequent 
Identification of the oxidation fragments m& the aemi-oarbe- 
eonea, showed It to be A  9«10*hexadeeexiole said*

Brominatlon studies conducted on the concentrated solution 
containing the highly unosturated methyl esters resulted in 
the isolation of methyl hexadeeatrlenoatea*

Oxonolyals of these eaters was unsatisfactory, but it did 
Indicate the presence of an acid or acids containing the groups,

*ait0HaOHaOH2OBaGll«f and possibly *€KCB2CM«.
The yield of decomposltion product© was far from quantitative*

tfos©toreted acids with less than sixteen carbon atoms 
say be present In negligible quantities in aenhaden oil*
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Menhaden (Breaoortia tyraanus) ar© mail fish which 
rarely grew larger than a foot in length, They occur in 
large quantities along the Atlantic Coast from llova Scotia 
to Brasil* end have toon utilised commercially for a long 
time. The whole fish has been used In the production of 
meal and oil. Formerly* menhaden oil was used in the aanu- 
fantore of soap* paint, varnish* and linoleum; with the In­
creased scarcity of oils of a high vitamin content* it Is 
desirable for such uses as poultry feeding (6)•

The utilisation of whole menhaden oil for its vitamin 
content results In an uneconomic disposal of the fatty acids 
and their glycerides* so * study of menhaden fish oil wmm 
undertaken with the belief that a knowledge of its chemical 
composition would make it m more valuable commodity.

For some time, the method of low-temperature crystalli­
sation. from various solvents has been employed to separate 
glycerides Into fractions with varying iodine numbers; it 
also has been extended to the separation of fatty acids of 
varying degrees of unsaturation. Host of this work has been 
done on the eighteen carbon atom series. Baldwin (!) em­
ployed it in the concentration and isolation of the eighteen 
and twenty carbon atom unsaturated fatty acids of menhaden 
oil*

The method was used in this work to Isolate an acid with 
one double bond* and to concentrate a more highly unsatura­
ted fraction from the sixteen carbon atom acid methyl ester 
fraction.
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Tim ferxaer a old was converted into 9•10-dihydxoxy-
palmitia acid# Bromination of the highly unsaturntoed 
fraction gave raethyl hexabromopelmitoten, f ro& which methyl 
©stars of hexadeeatrlohoic acids war© prepared toy dotorom** 
Inatlon. Attempts to locate the double bonds wars unsatis­
factory.

The sixteen cartoon eto*a fraction la composed chiefly 
of A  91lO-fcexadecenoio sold end a hexadecsstrienoie acid or 
acids*

If unset lira ted acids with fewer than sixteen cartoon 
atoms mrm present, they exist in negligible quantities.
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Preparation of the V'cthyl. Sabers of the fatty Acids

A commercial sample of destearinated menhaden oil 
(saponification equivalent 303 and iodine number 173)»* 
supplied by Pish Products Company, Lewest Delaware, was
saponified with alcoholic potassium hydroxide nocording 
to the method of Hlldltoh (7)• After the solution tod 
refluxed gently for two hours on a steam bath, most of the 
alcohol wee removed by distillation at reduced pressure in 
an atmosphere of nitrogen* The soaps were dissolved in 
water and the imsapoalflable matter was extracted with ether* 
the solution was acidified with dilute sulfuric acid to lib­
erate the free fatty acids which were taken up in ether*
The solution was washed with water, dried with anhydrous 
sodium sulfate, and the ether was removed under reduced 
pressure in an inert atmosphere*

The mixed acids were dissolved in 95 per cent ethanol 
and converted into their lead soaps by use of ®n alcoholic 
solution of lead acetate containing a small amount of gla­
cial acetic acid (&)* The lead salts which deposited after 
cooling to 15°C over night were removed by filtration* The 
filtrate was concentrated under reduced pressure and acidi­
fied to congo red with dilute nitric acid* Water was added

*During the course of this work, the saponification 
equivalents were determined by a modification of Chargoff9s 
method (Appendix 1)» mid the iodine numbers were determined by a modifloation of the method of Hoffman and Green 
(Appendix il)*
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and the free unestureted fatty ©aids were esc tree ted with
ether and recovered In the usual manner•

The methyl asters of the unsaturated acids were pre­
pared by treating the acids with an excess of dry methanol 
and dry hydrochloric acid. Water was added and the esters 
were extracted with ether* The ethereal solution was washed 
with potassium carbonate solution, dried with anhydrous so­
dium sulfate, and the esters were recovered*

A 2 kg* sample of the mixed unseturated methyl esters 
was fractionated at a pressure of 1 mm* through mu electri­
cally heated column 36 Inches in length packed with helices* 
The column was ©quipped with a head designed for total re­
flux with partial take off*

The first distillation gave a 136 g* fraction of esters 
(boiling rang# 126-130 0, eeponlfioetion equivalent 270 f and 
iodine number 113)• By redistill©tion of the neighboring 
fractions (123-126° and 130-133°)» an additional 125 g. of 
material (saponification equivalent 271) was obtained*

The theoretical saponification equivalent for the methyl 
eater of a 16 eerbon atom acid with one double bond Is 268 
and the theoretical iodine number is 94*5*

Am low temperature crystallisation methyl kex.a-

©quivalent 2?0 and iodine number 115) was dissolved in on©

Hexa&eeeaple Acid

100 g* sample of methyl esters (saponification
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liter of acetone and allowed to stand in the refrigerator 
at -15@0 for 24 hoars* Ho crystals wore formed, so the 
solution was soolod In a therms flask by adding dry ice 
(solid carbon dioxide) until an excess was present* After 
on® hoar, %he mixture was filtered ®s quickly as possible, 
using a Buchner funnel which had been preceded with dry ice 
in acetone, and the white residue was washed three times with 
precooled acetone*

The material, after being allowed to melt, was dissolved 
in acetone and dried with anhydrous sodium sulfate to gat rid 
of traces of water which had condensed from the atmosphere 
during the lorn**temperature operation* Thm acetone was dis­
tilled in an inert atmosphere, the last traces being removed 
at the aspirator* The product was e straw-colored oils

In a similar mariner, a second fraction of eaters was 
recovered from the filtrate of the low-temperature crys­
tallisations

Fifty greas of the first fraction (saponification equiv­
alent 270 and iodine number 62) was dissolved In. low-boiling 
petroleum ether (13*5 *!♦ of petroleum ether per gram of
ester) and cooled to -4®°C with dry ice in m thermos flask* 
After an hour at this temperature, the mixture mtm filtered 
using an Inverted filter stick and auction from the aspirator*

Yield
Saponlftcation equivalent 
Iodine number

62 g* 
270
62

Yield
Saponification equivalent 
Iodine number 167



The residue was token up in petroleum ©toer, dried» and toe 
ether removed*

Yield 5*5 s*
Iodine number 23# 2

The filtrate was cooled again with an excess of dry
ioog allowed to stand for on hour » and filtered as before*
h second residue was obtained*

Yield 7*1 g.Iodine number 42#X
4 third fraction was obtained when the filtrate was

dried and too petroleum. ether removed?
Yiold 33*4 g*Iodine number 99*0

A portion {25 g#) of traction tors© (iodine number 99)
was 41 stilled at a pressure of 4 mi# and a sample was taken
at 173°G*

Yiolii 12.4 «•
gepoalfXeefelon equivalent 269# 3 
Iodine number 94*0

Theoretical values for a 14 carbon sold methyl ostor
with one double bond ores

3apoalfloation equivalent 244 
Iodine number 94# 5

B# Identification of hesBdso.qaolc acid#- The me toy 1
ester of hexa&eoeuoie acid was oxidised with hydrogen per-
oadlde and saponified to give a low-melting hydroxylstod 
product; hexadeeenole acid was oxidized wlto alkaline per­
manganate to give a high-melting hy&roxylsbed product*
These produets were split with periodic acid and the frag­
ments were identified*
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 with rn « j r n |  M M m m . m r m M m *  -
Thm method of Bosnian and Swera (15) was employed In the 
hydroxyls tion of methyl hexadeesaoate*

At toom teraperature, 8*39 g* of 30 par cent hydrogen 
peroxide was mixed with 33 »I* of glacial acetic aeiij tha 
solution was heated to 80-i50O for on# hour* After cooling 
to about 25°0f It was mixed with 10 g* of the methyl ester 
of saponification equivalent 269*5 #nd iodlna number 96*
The host of reaction was not sufficient to raise the temper* 
store to 6?°C as was Indiested in the literature, so the 
mixture was heated to 65°G on a water bath, whereupon it 
became homogeneous limedlately*

The reaction mixture was allowed to cool and poured 
Into 100 ml* of hot water* The oily layer was dissolved in 
normal sodium hydroxide solution and heated for two hours on 
the steam bath* The hot solution was acidified with 6 li hy* 
droehlorio acid and cooled in a refrigerator*

The crude white precipitate was melted and washed thor­
oughly with hot water slightly acidified with hydrochloric 
acid* The product was dried, extracted with cold petroleum 
ether to remove unreaoted acid, and then recrystallised four 
times from. 95 por cent ethanol* The final product, 2*6 g* 
of white crystals, melted at 85°C*

Analysis*
Saponification equivalent for 0* Al^Qj 

Oaleulated* 288 *
found t 287

Green and llilditch (5) reported 84°C as the melting
point of one form of 9,10^dlhydroxypalJiitic acid*
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2* Periodate cleave-.e of the low-melting dlhydroxrpel- 
ml t i e aeid*<» The method of King (10) was employed to split 
the hydroxy said (m*p. 85°C) and to separate the fragments, 
which wars id@iitlf.iod as acmi-carbiisoiiea*

Potassium periodate (2*3 g*) in 76*8 ml* of normal sul­
furic acid at 2O0O was added to « solution of 2 g* of dihy- 
droxypalmibie sold In 153*6 ml* of 95 per sent ethanol at 40°0* 
iftar ton minutes, the clear solution was cooled to 15°Cf 
diluted with sufficient water to dissolve the precipitated 
potassium sulfate, and extracted with ether*

fh& other was removed under reduced pressure and the 
product w®& steam distilled* Thm distillate was extracted 
with ether and washed with a sodium bicarbonate solution 
followed by water until the washings were neutral* When the 
ether was removed at reduced pressure, m small amount of 
colorless oil remained*

aemi-ccrbaEide hydrochloride (0*85 g*) and 1*5 g* of 
sodium acetate in aqueous alcohol were added to the residue 
and the eeal-oarbsxone was removed by filtration* Tbs yield 
was 0*70 g* of white powder* After several crystallisations 
from aqueous ethanol, the melting point and mixed melting 
point with authenle heptaldehyde semi*earbagone were lG5°0s 

Analysisi
Per cent carbon and hydrogen in Q&i'jOtiy 

Calculateds 0, 56*12#? H, 10*01#
Found i 0, 56*13#? II* 10*12#

The aqueous solution of the non-volatile product of
the periodate cleavage after being cooled was extracted with
ether. The ether was removed and the semi<*earb«son® was

mailto:id@iitlf.iod
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preps rod as outlined- for tlx© volatile fraction, The yield 
was 0*94 g» and the product melted at I41°0s 

Analysisi
Par cent carbon and hydrogen in g© #  3

GeXeulated* 0, 5a*35fli »• «#3Sl Found s 0, 52.174; II, 8*304
Bosnian and sworn (15) reported a malting point of 

161-162°C for asalale acid biiXf**aX4ehy<Ie aaal»oarbaaona* It 
is evident that the oonpotind in question was the 9tX©~dihy«* 
droxjrpalialtio said#

3.o . Hydroxylation with alkaline tMHrmsngaacts** A 4*5 g* 
sample of methyl caber (aaponif1oation equivalent 27© and 
Iodine number 102) was saponified with aleoholle potassium 
hydroxide aooording to the rapid method of Oloott and Isabblll 
(13)* The free sold was hydroxyl®ted with alkaline perman~ 
ganate eecording to the procedure of lapmorth and Mottram (11)*

A olear solution wee obtained by warming the 4*26 g# of 
sold (calculated from the ester) with an equivalent weight of 
sodium hydroxide in 5©© ml* of water* The solution wee cooled
and 4 liters of lee water was added* The mixture was then 
shaken at 1O0O while 4©© ml* of 1 per cent potassium peritan- 
gamete solution was added rapidly* After five minutes, the 
mixture was decolorised by adding sodium bisulfite and 15© *al* 
of concentrated hydrochloric acid* The white floooulent pro** 
oipitate was filtered, dried, and extracted with light petroleum 
ether to remove the unreacted fatty acid*

The white crystalline produet (3*0 g*) was fractionated 
from aqueous ethanol to a constant melting point of 12$°0«
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Analysis:
Saponification equivalent for ^16^32^4 

Gal®ulatods 2$8 
F o u n d  * a t i

Oxana and ElMitoti (5) reported 123*X24^C th# malt­
ing point of oao f o m  of 9 *XO*dihydmxy palmitic eoid*

Extensive fractionation of thim product and of another 
XX g# &mmple9 prepared in the com* manner, gave no ovidone® 
of inorc than one hydroxylated product.

4# Porlodoco oloayogo of the hliih-itcltlfyi dlhvdroxxBal* 
ml tin aoM** On® gram of the high-malting fom of to® dlhy* 
droxypalmlfele cold was split with periodic acid and tfca 
fragment® were separated by steam dintillation according to 
the prooadura of King (10)* Th® procedure was exactly Ilk® 
that used for th® l®w*m®itiag isomer and the fragments of 
oxidation war# identified a a the awi«oarbo®onoa»

The volatile fragment yielded 0*23 S* of ooai-oarb&xo&o 
which melted at X05°C* The melting point woo unchanged when 
the- compound M a  mixed with th® OMl-oorbanono of th# eor~ 
responding oxidation fragment of th# low-molting dihydroxy* 
.palmitic acidi

AnalysisiPar cant of carton and hydrogen in CgH^yOli3
Calculated: 0» 56*12#j M# 10*01$
Found 5 0f 55*&4fS| K* 9.92$

The mii-volctiX® fragment yielded 0*36 g« of acml* 
oorUa^one which malted at lol°G* llhia malting point wao not 
lowered whan the compound was mixed with tha oeml-e&rhexon* 
of the corresponding oxidation fragment of the low-malting 
dlhydroxypaloltic acidJ
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Analystss

Per cent of carbon and hydrogen in £10^19^3^3
Calculated: Ct 52*35$J H, S. 35$Found 5 0, 52.06$} H* 0.43$

It la evident that the hlgh-melting hydroxy acid Is also 
9*10-4ihydroxyi>almltio acid.

4. Preliminary study by low-tempera t ur a cry a tallica** 
tlon.- The ester fraction with m saponification equivalent 
of 269 and m% iodine number of 107 was studied.

.A 25 g# sample was dissolved in 90 ml. of dry acetonet 
cooled with mx excess of dry ice, and filtered In the usual 
manner. The residue yielded 12.1 g* of ester with an iodine 
number of 122t and from the filtrate there was obtained a 
11*2 g. fraction with an iodine number of 203.

The theoretical iodine number for a 16 carbon sold methyl 
ester with two double bonds is 191*

Attempts to raise the iodine number above 203 by us® of 
different concentrations of acetone end with mixtures of 
methyl alcohol and acetone were unsuccessful* The ester frac­
tion was saponified and further attempts were mad® to raise 
the Iodine number of the acids without success.

This work Indicated the presence of a 16 carbon acid with 
more than one double bond and the possibility of an cold with 
more then two double bonds» therefor® a larger sample of men­
haden oil was worked up.

B. Isolation of. the methyl esters of haxadeoatricnolo 
acids.- A highly uasaturated fraction of 16 carbon acid methyl 
ester was obtained by the usual low-pressure fractional
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distillation and low-temperature erystaXliEStion*

esters*- a Maple of 11 kg* of ml sod fatty acid methyl asters 
from commercial ties tear ins tad menhaden oil (saponifioation 
6*4.01 valent 303 end iodine number 173) wa* distilled rapidly at 
m pressor# of 2-3 until all bbm 16 cartoon sold eater had 
passed over*

These aatera were dissolved in acetone (10 ml* acetone 
par gram of eater) and cooled at -15°0 for 24 hours* Tha mix- 
tore was filtered by auction through a praaoolad Buchner funnel 
and tha residua mu» washed with praaoolad acetone# A second 
acetone extraction was mm4® (5 &* acetone pmr gram of eater); 
the residua had an iodine value of 4*5*

The combined filtrate was dried with anhydrous sodium 
sulfate recovered from tha solvent and redistilled at u pres­
sure of 1 through the electrically heated column described 
previously* The intermediate fractions were combined and re- 
fractionated*

Table I

The Fractionation of the U&saturated Fatty Acid Esters
Fraction

range
(°C)

Yield
(«•)

llaponi f 1 c a hi on equivalent Iodine
number

Coraaient

1 ao-iio 51*0 *►«*** «**»•» Very daric
2 110-115 465*0 244Men f -f 10.3
3 126-130 1250.0 271 7t
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2. IA?w-temperature crystallinetlpp.- A 60Q g* sample 
of Fraction 3 faaponiflca11 on equivalent 271 and iodine 
number 76) was dissolved In 6 liters of acetone and cooled 
with an excess of dry lee* After one hour, a filter stick 
wee used to remoire two liters of filtrate which gave fraction 
number ones

Yield 43.3 g.
Iodine number 155*6

The residue was extracted with another liter of acetone 
In the preeenoe of exetaa dry ice and the filtrate yielded 
fraction number twot

Yield 23*0 g.
Iodine number 147.0

A third extraction with one liter gave a fraction num­
ber threes

Yield 11.5 g*Iodine number 136.0
The residue was reerystall!sod from light petroleum 

ether in the presence of excess dry ice and a fraction 
number four we a obtained from the filtrates

Yield 220 g.
Iodine number 109

The above prgoeea was repeated with another 590 g. 
eeaple of esters, The three extract!onm with acetone In 
the presence of mxom&m dry ice gave 51*7 g* of eater with 
an iodine number of 159* 27*6 @* with an iodine number of 
157* and 22.5 IS* with an iodine number of 143.

3. Brominatlon, ®f the methyl eatery.- The highly unsat­
urated methyl eaters from the first acetone extraction of 
each of the above samples were combined and studied by
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brominetton.
The sample of ©star (100 g* with a saponification 

equivalent of 268 and an iodine number of 15?) m m  dissolved 
in one liter of ethyl ether and passed through a three inch 
column of activated alumina (Grade A, mesh, minus S0t from 
the Aluminum Ore Company of America)• this procedure re­
moved some of the color from the solution* The ethereal so­
lution in a three-necked flask was cooled with cracked ice 
to G°G and bromine was added drepwise from a dropping funnel* 
During this operation.the mixture was stirred mechanically, 
the stirring being continued for one hour after a reddish 
coloration, indiesting an excess of bromine, appeared in the 
flask* The excess bromine was destroyed with amylens and 
the mixture allowed to stand for twelve hours st -15°C* The 
mixture was filtered and the product (42 g*) was washed three 
times with large amounts of cold ether* nothing else could 
be crystallised by concentration of the filtrate*

The product was reorysteXlixed four time© by dissolving 
it in hot dioxane end allowing it to stand at room tempera­
ture for twelve hours* The final product, 8*3 g* of white 
powder, melted at lt0-191°0s

Petroleum ether was added to the combined dloxane mother 
liquor from the above crystallisation* After standing for 
24 hours at 12-15°0, a second crop of material was obtained*

A n a ly s t a s
Per cent bromine in Q

Calculated: 64*
Found s 64*10^
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This light brown residue was washed carefully with a mlxt#ur© 
of ether and petroleum ether* The residue, which was slightly 
soluble In ethyl ether but Insoluble in a mixture of ethyl and 
petroleum ether, was extreated by reflating with the ether 
mixture for s few minute* and finally was reoryat©111aed from 
bonzeno:

Yield 6*2 g*
Melting Point 169-170°C

Analysis*
Per cent bromine In C17^8°2Br6 

Calculated* 64*tfe 
Found *. 64* 2 3$

The dioxa&e~petroiettm ether mother liquor was concentra­
ted to 75 ml*, and 200 ml. of petroleum ether was added* After 
standing for 24 hours at 0°c, a third crop of dark material 
was obtained by filtration*

This residue, after four extractions by refluxlng with 
ether and petroleum ether, and after recrystalllsatlon from 
benzene, weighed 4*4 s« The white powder melted at 165~166°C. 
This melting point was not lowered by the low-melting fraction 
obtained previously!

Analysis s
Per cent bromine in ^17^28^2 ^ 6  

Calc uls't ed i 64 • 46S 
Found s 63*29%

4* Debromination studies*- The sample (8*2 g*) of the
high melting bromide was added gradually to 100 ee* of hot 
methanol and 1$ g* of zinc powder in a 500 ml* flask* A few 
drops of concentrated hydrochloric acid was added from time 
to time to catalyse the reaction# After all the bromide was



16

added, the mixture was refluxed for one hour and filtered*
About 75 per o m t  of the methanol was r a o w d  under prosoure,
water mm® added and the mixture extracted with ether* The 
ethereal solution eao dried with anhydrous sodium sulfate for 
several days and the ether was removed in an atmosphere of 
nitrogen* The last treses were removed at the aspirators

Yield a*2 g.
ilapouifioation equivalent 265Iodine number 280

The theoretical values for a 16 carbon aaid methyl ester 
with three double bonds ures

Saponification equivalent 264
Iodine number 268

The lower melting fractions were combined and 10 g. of
the bromide was dehrominated with mine dust In the same man­
ners

Yield 2.8 g.
Saponification equivalent 266
Iodine number 256

The presence of a hexadeeatrlenole acid mm® found In 
JTapeneae sardine oil in 1929 by Toyama and Tauchiya (18) » and 
identified by the same investigators in 1935 (19) as the A  6,7| 
10*111 14fl5~hexadec&briexM>lc acid which was called* hirogonie 
sold*

5* Brantnation of the free acids*- The free fatty acid 
mm® also concentrated end brominetedf but in this case the 
yields were very low. k 128 g. sample of unaaturated methyl 
ester with an iodine number of 123 was saponified with 33 E* 
of potassium hydroxide In 26 g» of water and 112 ml. of 95 per 
cent ethanol according to the mild method of Oleott and
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0 .  O g o n o ly a lR  of awth y . l  h o x o r to t in t r l im o f l t * . -  A o o n t i in a -mrnmmmmt m* nwcmw '.mi wnwg.ir m nmm.n" mw wwmmim*'\mmmn

tioix of methods suggested by Toyaaii and Tsuehlyc 119)# Farmer 
and Van don Heave! (4)# and Spadola and EiemenschJieider (16) 
was used to ozo&l«« 2 g* of the ©star {saponlfiostion equiva­
lent 265# iodine number 2t0) In 20 ml# of chloroform at -5°0* 

Omoniaed oxygen (2*07 far aant osoae) was passed through 
the solution until It was saturated with oxone# The gaseous 
mixture flowed la at the rate of 350 ml* per minute; three 
hours were required for the operation*

The solvent was removed under redneed pressure and 2*5 g* 
of light yellow viscous material was left# The calculated 
yield for normal osanlde* Q%^z$0Xl 3*09 g# About 150 ml* 
of water was added to the o-sonlde and the mixture was heated 
on © hot-water bath for 30 .Minutes at 90°C# while © gentle cur­
rent of hydrogen was passed through the flash In order to sweep 
out any volatile decomposition products* The decomposition 
flask was attached by a delivery tube to three other flasks 
connected in succession* flask number one contained $0 ml* of 
water mud man cooled with i c e *  Each of the next two flasks 
contained 100 ml* of one-third normal barium hydroxide to catch 
any carbon dioxide given off by decomposition#

A water layer and © viscous yellow residue remained in 
the flask after thirty minutes on the hot~water bath.

The first wash bottle gave a positive test with Bohiffvs 
reagent imd had mi odor of aldehyde* When the liquid was added 
to a luke-wara alcoholic solution of 0*5 g* of 2f4-dinltro~ 
phenyhydrasln* containing a small amount of hydrochloric aoidt
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mn orange coloa'ctd precipitate settled* This was reerystal- 
listed from alcohol several times to yield 0*21 g. of material
melting st 92-93°©*

/malysle:
0» 40'4»Cf H, 5*13 ^

file 2f4*-4lBitropii#aayliiydrasoii@ of v&leraldehyde melt® 
at 90°C and eontain® 49*41 per cent carbon and 5*3 per cent 
hydrogen*

The barium hydroxide solution m m  found to ©ontaln 0*31 g* 
of barium carbonate, which la equivalent to 0,00157 g» mol* of 
carbon dioxide* This was obtained from 0*0075® g« mol* of 
methyl cater*

The aqueous layer In the decomposition flask was extracted 
with two liters of ether (five 4®© ml* portions)* Anhydrous 
sodium sulfate was used to dry the ethereal solution and the 
ether was removed at a reduced pressure.

The trace of liquid residue remaining wee refluxed over 
night with a dilute solution of hydrogen peroxide according 
to the method suggested by Farmer and Van den Tleuvel (4) * The 
solution after being allowed to cool was extracted with a 
large volume of ether* When the ether was removed, a trace 
of acidic liquid residue remained. It mmm not studied further 
since there was such a small amount present, ho solid materi­
al was isolated*

The residue from the decomposition flask was oxidized 
by refluxing over night with a dilute solution of hydrogen 
peroxide* Then 25 al* of 35 pe* cent potassium hydroxide
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solution was added and refluxing was oontinned for another 
hoar to saponify any enters* ‘fits mixture was acidified with 
hydrochloric aeld am! extracted with four 250 ml* portions 
of ether* The solution was dried and the ether was removed*
The oily seal^eryataXllne residue was extracted with petroleum 
other to give an insoluble solid. This material was reoryetal* 
lised several times from ethyl acetate to yield 0.22 g* of 
white crystals which had a melting point of 149°0 which was 
not lowered when mixed with attthenlc adlpie acid* The melting 
point of adlplo aold is listed In the literature m  151-153°G* 
The material had a saponification equivalent of 71*6 as com­
pared with a theoretical value of 73.1 for adlple acid. Ko 
other acid wen ioolnted*

A 1*S g* sample'of the methyl ester (eeponlflestlon 
equivalent 266 and iodine number 236} was onoalncd to give 
2.3 g* of ononlde.

On decomposition, the volatile aldehyde again gave a 
small amount of 2,4-dlnltrophenylhydraxone melting at 94°C*
The second absorption flask was found to contain 0*$2 g. of 
barium carbonate. The only dibasic acid that could be iso­
lated was 0.13 g* of material welting m% 148°c. This melting 
point was not lowered when the sample was mixed with the 
material iaoleited in the previous run*

liive.et>lm»ticm of The Fraction with ra 3apon.lfflca.tlom

A*. Isolation of the fraction*- a methyl ester fraction 
(450 g*» Table I, page 12} with a saponiflection equivalent

of The Methyl of s your-
Carbon At<
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of 244 and iodine number 10*3 wms dissolved in 4*5 liters of 
acetone, oooiod with excess dry Ice and filtered ms usual with 
a filter stick* One and oneself liters of filtrate gave a 
fraction, number ones

Yield 20*2 %.Iodine number 81*1
A second extraction of the residue with a liter of

acetone in the presence of excess dry ice gave m fraction 
number twos

Yield 11 f§*
Iodine number SO*7

A third and similar extra®tlon gave a fraction number 
threes

Yield 4*5 g»Iodine number 81*0
The residue (394 £•) was rooryetallieed from light petro­

leum ether (13*5 ml* petroleum ether per gram of ester) and 
excess dry ice* A .fraction number four was obtained from the 
filtratet

Yield 7*7 S*Iodine number. 48*8
The residue.(3S$ * fraction number fixef had an io­

dine number of 1*45*
The first three fractions■(20*2 g* with an iodine num­

ber of 81*1, 11 g* with m  iodine number of 80*7* and 4*5 g* 
and iodine number of 81*0) were combined and recrystalllxed 
from acetone in the usual mtmmr§ and the filtrate gave frac­

tion slxs
Yield 23 g*
Saponification equivalent 250
Iodine nosier 104
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A fraction number savei% was obtained from the residues

Yield 12 g.
Iodine number 44#5

Theoretical values for a 14 oar bon atom acid eater with 
one double bond ares

3aponifiGatlon equivalent 240Iodine number 106
A mixture of 6 g* of fraction four (iodine number 46* i) 

and 10 g* of fraction number seven (iodine number 44*5) was 
reorystalliaed from petroleum ether and from the filtrate s 
fraction number eight was obtained!

field 9*2
Saponification equivalent 245 
Xodin# number 60*2

Fraction number mix (23 g*) with a saponification equiv­
alent of 250 and an iodine number of 104 wee fractionated at 
m pressure of 0*5-1 mm* through a 12-lneh electrically heated 
column pecked with helices*

table II

Fractionation of Methyl Haters
fraction Boiling

range
l0C»

” Yield(is*) i%&pmx 1 fi e ii 11 on equivalent Iodinenumber OomniSfii

1 102-105 5*5 243 102 Bark
a 105-106 3.2 244 95.7 nark

3 106-136 i*5 253

The dark residue and column hold-up were mot considered*
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B* Hydroxyl®tfon of the distilled .fraction 1*~ Hydroxy- 
lab ion of this fraction gave a amill uaoomt of product which 
was evidently dihyd roxypa1mltic acid*

The sample of 5 S* was saponified in the usual maimer 
with potassium hy droxidm in water and alcohol* The soaps 
war© extracted with ether and a small amount of dark un- 
saponifiable matter w m  removed (iodine number was not de­
termined} * The soap solution was neutralized with dilute 
hydrochloric sold, and the adds war© extracted with ether*

Th® somewhat viscous material was hydroxyleted by th® 
alfealiiie permanganate method, and after the product was ex­
tra© tod with petroleum ©th«r to remove unreseted Mtarial, 
only a very small amount of whit© crystalline material re­
mained* This product was reeryatalllMd from aleohol and 
water to give 0*0? grams of final product which malted at 
iaW24°C, and had a saponif1 eation equivalent of 2ft5* Whan 
this product was mixed with the high-malting dihydroxypelmltle 
aold, tha malting point wee not lowerad*

The hydroxylstion was repeated using 4*06 g* of Fraction 
3 (saponification equivalent 253) and again a. small amount of 
material which malted at 124®0 was isolated* This melting 
point was not altered fey the high-melting dihydroxyp©1mltio 
sold*

%  concentrating the aqueous alcoholic mother liquors 
from the above fractionations, it was shown that no appre­
ciable amount of any other hydroxyleted product could have 
been present*
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A BMull amot*»b of substance was obtained f m m  the hy~ 
drexylcttian -mother liquor hut It could nmt im crystallised 
to a constant melting point.

The hydroxylation prosedor# works well for hexadeeenoic 
and oleic aolda # and according to Toyam© and Tsuchlya (20)* 
tetradeeenele aeld ©an bm hydroxylstod hy the mmm method and 
reerystalllsed from ethanol in good yield*.

0. Bromlnation studies,- -A 3 g* sample of Fraction 2 
(saponification equivalent 244 and Iodine number 95*7) was 
brominated in petroleum, ether at 0°Q, a very small amount 
of dark Insoluble material was formed* The product was ex** 
traoted with a mixture of ether and petroleum ether* and 
deeolorixed with motivated charcoal. in bensaiM* Petroleum 
ether was added to the bamsen* solution and m mmill amount 
of material crystallised when the mixture was allowed to eool. 
This material was reerystallixed to yield about 0.02 g* of 
ten powder which melted at 15S-159°C s

Analysisi
Per eent bromine in C17H.28°2Br6 

Osloulateds 44*
Found { 63*7 jt

The materiel was evidently a mixture of hexabromopsl- 
mi tie sold methyl esters| this indicated that a small amount 
of hexadaoatrie&ole sold methyl ester was still present la 
the fraction*

During the oourae of this work* the low-boiling frac­
tions from a number of ester distillations were redistilled*
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ini that portion which was soluble in petroleum ether (13*5 ml* 
of petroleum other per grain of eater) in %hm presence of « •  
cess dry loo was bromineted*

The mall amount of ether-insoluble ©olid m e  removed by 
filtration, end a vary dark viscous XIquid residue was ob­
tained from the filtrate when t-bm other removed at a reduced 
pressure*

A dark material wmm distilled at m pressure of 1 mm* t and 
a largo portion of It* chiefly methyl myrlstate, ©time or or 
below HO^C# Bo higher-boiling material could b® distilled*
The flask residue was a dark, resinous material which was in­
soluble in ether*

According to liieaenachneider and 1111a (14) » methyl 
dlbrosuosgrristate distils easily at 140-145°0 and 0*5 Mm* pres­
sure*

If tetradeeenolo acid is present, it exists in negligible 
quantities*

Investigation of The lew-bollinit Methyl Ester Fraction

A 2% g. sample of the dark fraction {Table X* page 12* 
boiling rang® &0*»XlQ°Gf pressure 1 mm*) was saponified with 
potassium hydroxide* The soaps wore extracted five times with 
ether end acidified with hydrochloric acid* The free acids 
were extracted with ether, dried, and recovered* The residue 
of 16,3 g* hBd a saponification equivalent of 196 end an io­
dine number of 4*3*



tilling below methyl layrletftte* it la evident that unaat- 
ur&tad aelda with Xmji than fourteen oerfeona ere absent*
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I t  tmm hmn  shown by earlier investigators (2 , 17) that 
the 16 carbon unssturiited molds of commercial menhiid®a oil 
represent IS*5-23.4 par cent of the total fatty sold©.

On the hast® of data obtained in the isolation of heza- 
deeenole ©aid during the sours# of this writ, It m m  found 
that hexedeoenole sold represents 7*72 per cent and the 
hexsdeoatrlenoio eelde 1*31 per cent of the total fatty acids.

These low figures may he attributed to several factors* 
First,, the fatty ©aid composition of marine oils is known to 
vary slightly with the ties end location of the catch* aeoond, 
lu the distillation of the methyl esters, it was of Interest 
to separate the 16 sarben ©aid fraction as olssnly as possible 
from the lower and higher fmotions* The intermediate free-* 
lions were not Included in the figures reported* In earlier 
work where the amount of moid was of major importune®, the 
composition of the Intermediatea was calculated from mean 
molecular weights* Third, after distillation, the esters war# 
concentrated into one fraction with an iodine number of 62 and 
another with iodine number of 167 by low*»temperature crystal­
lization. The amount of each acid was calculated on the as­
sumptions that the first fraction was composed of palmitic and 
hsxsdecenolo acids, and that the second fraction was composed 
of hsxadeeenoie and hexadeeatrienole acids. In this manner 
the mumXI amount of saturated acid that passed the lead soap 
separation was eliminated. Without a knowledge of the presence 
Of the higher unsaturated soids, the iodine number of the mixed
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acids would not necessarily show the j>resenee of saturated 
acid*

The bex&decenolo eold wee isolated and hydroxylated with 
hydrogen peroxide to give a dlhydroxy derivative melting at 
85°Of and with alkaline permanganate to give m dihydroxy deriva­
tive which malted at 12$°C« Periodate oxidation of these com­
pounds gev© semi-earba^ones indicating that the following 
fragments were products of each oxidations

1* OH^OH^jCK*
2. *CH(OBa)70OOB

It eppecre that the acid was A  9»10-hexadeoenoio acid 
(palmltolelo acid)» and that the two dihydroxypal&dtle acids 
wore geometric isomers*

Brominetion of the methyl esters of the highly unset- 
urated acid fraction yielded two different solid hexabromo 
derivatives melting at 169-171°0 and 190~191°G*

The 3© compounds were difficult to separate and it is 
likely that neither was completely free from the other* The 
bromo-eompounds were debrominated to give methyl esters com­
paring very favorably with methyl hexadeeatrienoats*

Osonolysis of these esters was unsatisfactory* so it was 
not determined whether the hexabromo derivatives were geometric 
isomers representing only one hexadcoetrlenolo acid, or if the 
bromines were actually in different positions representing two 
or more hexadeeatrienole acids*

A derivative which compared favorably with the 2f4~di~ 
nitrophenylhydra^one of valeraldehyde was obtained when the
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eenbenbii of U w  first decomposition absorption flask was 
treated with 2,4-dlnl brophenylhydrazine. Tbs malting point 
as wall an the carbon and hydrogen content was low, and the 
yield (0.21 g*) was far from quantitative; but it seams 
probable that the material swept into the first flask was 
valeraldshyde and possibly soma lower aldehyde, since valor* 
aldehyde bolls at lG3°ot the method used to Isolate it was 
not the host, but it is feasible that m small amount would be 
swept over by hydrogen at 90°0#

Mipl© sold {0.22 g.) was Isolated from the water In­
soluble fraction left In the ©mould© decomposition flank.
Here again the yield wee far below theoretical, but it In­
dicates the presence of mn. acid containing the group, 
«CHGH2CK2OeH2GH2CH«> or *CHCH ^CHgGHjCOCH .

The material wee not isolated before saponification, so 
It emu not be said whether or not this was the terminal group.

Toyama and Tsuehlya (19) showed the presence of this 
group in the hexadeeatrienole meld from sardine oil and proved 
it to be the terminal one, *OH-miaO!faGBaGHtOOQli. They iso­
lated only methyl edlpate from the Insoluble fraction left 
after decomposition*

tfo dibasic acid was Isolated from, the water soluble 
fraction left in the decomposition flask. A small amount of 
meidle liquid remained which could have been derived from 
mmm mono-aldehyde left in the solution or from the decompo­
sition of joaloftlo acid if the groupf*€M0il 2GB-*, was present 
in any of the acids.



3®

It is known (12) that the presence of the group,
gives rise to- acetic acid ©nd carbon dioxide on 

oxonolysis ®nd subsequent deoo&poaltioii* The amount of oar- 
bon dioxide givan off in the decomposition of the first oao- 
nlde w o  equltalent to 2X«0 per cent the theoretical w t m l  
for on# »C1I0HvjOH» group, and the amount given off in the 
decomposition of the second owould# won slightly grantor*
These yields are not quantitative, but they or# large enough 
to indioat# the possible presence of an acid containing a 
«CKC2fl20ii* group# T&ia is especially true «inou the oxonolysis 
and decomposition was not complete* Only a trace of carbon 
dioxide la given off whan the group, sGliaiî Cli®, la absent 
(12, 1^)*

31nce the results of this part of the work war© in­
definite and far from Cha theoretical, it can not be said 
whether on# hexadeeatrienole ac14 or e mixture of soils wee 
present*

If it Is ® m m m &  that only one acid was present, there 
is a faint indloetlon that It might contain the following 
group®:

1• CM3GB2€H20E2€H*
2# *011 Oil 2CSi <3i aCSH aCH®
3. scnay2cb®
4. *011011®

The ®CB-UK* group would be neeeesary to make sixteen 
carbons*
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Bo -C00H group la indicated since it can not be said 
which of the last three groups ooours on the end of the 
molecule*

lb is regrettod that a large sample of material was not 
available so that the work could have boon rapestad In the 
light of the above Infomation*

Low-temperature crystallisation of the methyl eaters 
of the 14 carbon selds resulted in the Isolation of an eatert 
with m saponifiestlon equivalent and iodine number that cor­
responded favorably with methyl tetradeoenoste* Kydrosjrla- 
tion and brominetion of this fraction showed the presence of 
myristic acid and traces of hemadecenolc and hexedeoatrieuoio 
acids* but failed to show the presence of a tetrsdeeenoie 
acid*

It Is evident that low*temperature crystallisation mm 
employed in this work would not be sufficient to Isolate 
small amounts of methyl tetndeeenoste* It might act to con­
centrate unsaponifiable decomposition products from higher 
usuistorsted acids or traces of unssponiflsble matter that es­
caped extraction from the original large batch of soaps* These 
compounds might possess unsaturatlon end tend to give high 
iodine values*

The concentrated esters should be saponified* the un- 
saponiflable matter removed* and the lead soap method applied
to further purify the fraction*

Such a procedure would have been advisable In this work* 
There would have been no doubt about the presence of una&poni-
fladle matter* and most likely the myriatlc acid* and
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unaetureted 16 oarbon aolds ©o&Xd havo b«*B aaparatod faor* 
Qompl&t&ly* This might ha** »hmn tha abaamea of fcafcra- 
doconoio not a without furtha^ aoariu
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A modified jaothod of Cbargoff (3) « s  uaad for 
datamiaatlotia* ^ 50 «&* 10Q mg* sample of sold or
ester was retluxed with 5 Ml# of 0*1 H sodium propoitide 
under on @ir**eaai#d eondsneer for 30 minutes* The ground 
glass joints wan washed with a few ml* of distilled mat or 
and the solution was titrated to a phenalp&th&leli* end~ 
point with 0*05 II sulfur!e ©old# A oi&nk do tormina t ion m m  
made under similar eo&ditl0n*y and % torn mean fsoleeular weight 
or aspenIfioation equivalent was oaleulated*

Sap* sf|uiv.*  ------— ----_ — w&a. of sample. im&*i—  -  - -.
(ml* of Blank - ml* of Book tit*) i H  of noli*



A Modification of %hm HoJtfmmu ana Oreen method i 9) woo 

employed in these determinetxoiM•
4to«mt 100 mg* of sample, or enough to ubii 50 to 60 par 

cant of the blank titration, won weighed in a small rial and 
transferred to a glace stoppered flask of 200 ml* capacity* 
The sample was completely dissolved in 20 ml* of chloroform, 
thou 25 ml* of approximately 0*2 I iodide Monoahlorlde sola* 
tlon end 3 ml* of 2*5 per cant mercuric acetate In glacial 
acetic acid wmm added with shaking*

After three minutes at room temperature, 20 ml* of 15 
per cent potassium iodide and $Q ml* of distilled water was 
added* The excess iodine was titrated with 0*1 normal sodium 
thiosulfate to am end-point with starch* The calculation was 
made In the usual manner*


