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eges in thesis, 36, ‘tords in sbstract, 228

A procedure of low-temperature crystellization oan be
used to isolsts hexadscenolic aold in a ressonably pure form
from 8 alxture of sixteen cearbon stosn aclds snd to concen-
trste the hexadecetrienocle aclids of the seme fraction.

The methyl esters prepsred from the unsaturated fatty
acids of menhbaden oil woere fractionsted et a low pressure,
and the fraction containing the esters of the sixteen oarbon
atom sclds wes subjected to low-tempercture orystallization
from various solvents.

The original oomamercisl destearinested menheden oll was
found to oontain 7.7 per ocent hexadegenole a2c0id and 1.3 per
gent of hexadecstriencio aolds. On the basls of the totsl
unsaturated sclds (lead soaps soluble in ethanol), these vale-
ues become lU.0 per cent end 1.8 per cent, respectiively.

Hydroxylation of the hexadeocsnolo sold with aslkeline
permanganate and with hydrogen peroxide, followed by porie
odate clesvage of the hydroxylated aconpounds and subseguant
fidentiriostion of the oxidstion fragments s the semlecarba-
zones, showed it to be A 9,l0«hexadscenolic acld,

LBrominetion studies condueted on the concentrated solution
conteining the bighly unssturated mathyl esters roesulted in
the isolation of methyl hexadecatrienocates,

Uzonolysis of these esters was unsetistactory, vubt 1t di4d
indionte the prasence of an rold or sclds containing the groups,
CH 40k 0L pUH QURS, BOLCH HUH oGl o0 ,CHB, aad posaibly ®CHCH ,Crw,
Tha yield of deccnposition products was fur from guantitetive.

Unsaturstod aclids with lssgs than sixteen cerbon stons
mey be present in neglligible quantities in menhsden oil.
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IR UCTION

kenhaden (Brencortis tyrennus) are small fish whlch
rarely grow larger then a oot in length. They occur in
large quantities along the Atlantic Cosst from XNova Sootia
to bBragil, sand have beon utilized ecommerclially for a long
time. The whole fish has been used in the production of
meal end oll., Formerly, menhsden oil wes used in the manu-
fuoture of soap, peint, varnish, and linoleum; with the ine
ereased scercity of oils of & high vitamin content, it is
desirable for such uses as poultry feeding (6).

The utilization of whole menhaden o0il for its vitenin
content results iun an uneconomic dispossel of the fatiy scids
and thelr glyocerides, 30 & study of menhaden fiash oll was
undertaken with the bellef that 8 knowledge of its chemliocal
composition would meke it a more veluasble commodity.

For some time, the method of low-teaperature orystolli-
gzation from various solvents has been employved to seperate
glycerides into fraoctions with varying iodine numbers; it
elso hes been extended to the separation of fatty acids of
varying degrees of unsaturation. Yost of this work has been
done on the eighteen carbon atom series. Baldwin (1) em-
ployed it in the oconcentration and isoletlion of the sighteen
and twenty carbon atom unsaturated fatty aecids of menhaden
oil.

The method was used in this work to isolate an acid with
one double bond, end to coucentrste a more highly unssturae
ted fraction from the sixteen carbon astom acid methyl ester

fraction.
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The foraer cold was converted into ¥,l0-dihvdroxy-
palnltic scid. Oroainstion of the hlshly unsaturated
freoction gave wmethyl hexsbromopelmitates, fros whleh methvd
esters of hexscecstrienclc solda were prepared by debrone
inetion. Jsttempis to loocunte the deuble bonds were unsatio=-
factory.

The sixtesn carbon stom fraction is compossd chiefly
of A\ 9,10-hexsdecennic s#o0id and & hexudecstrienoie scid or
noids,

if unssturated aecids with fewer then sixtoen carbdbon

stoms wre present, they exist in negliplble quantities.
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Propurstion of the Vethyl katers of the Fatty dclds

4 commereial ssaple of destearinated menhsaden oll
(saponification aguivalant 303 and Lodine number 173),*
supplied by Fish Froducts Company, lewes, Delawnre, was
saponifried with elcoholic potassium hydroxide cocording
to the method of Hilditeh (7). After the solution had
refluxed gently for two hours on a steam bath, most of the
aleochol wss removed by distilletion et reduced pressure in
an atmosphere of nitrogen. The soaps were dissolved in
water and the unsaponifiaeble matter wusz extrscted with ether.
The aolution wes acidified with dilute sulfuric acid to lib-
erste the free fatty mcids whioh were teken up in ether.

The golution wes weshed with water, dried with anhydrous
sodium sulfate, and the ether was removed under reduced
pressure in an inert atmosphere.

The alxed acids were dissolved in 95 per cent ethenol
and converted into their lead soaps by use of an alecholie
solution of lead acetate contalining s small amount of glo=-
cial acetic scid {8)., The lsad salts which depositad sfter
cooling to 15°C over night wure removed by filtration. The
filtrate was concentrated under reduced pressure and soldi-

fied to congo red with dilute nitric scid. Water woasa mdded

*During the course of this work, the suponification
eguivalents were determined h{ a modification of Chargoff's
method (Appendix 1), &nd the iodine nuabers were determined
by & @Qdif?@&%i@ﬁ of the method of Hoffman und Green
{Appendix 11).



and the Cree unspturetz4 fTatty aclds were axirancted with
ether and reooverad in the usual msnner,

The methyl esters of the unsasturated scids were pre-
pared by tresting the aclds with an exocess of dry methanol

and dry hydrochlorie seld. Wateyr was sdded und the ssters

were extracted with ether. The ethersal solution was washed
with potaassiwa csrbonate solutlon, drled with anhydroua 80
dium sulfetve, and the esters were recoverod.

A 2 kg semple of the mixed unssturated methyl esters
was fraectionsted &t a pressure of 1 mm. through an electri-
eally hested ecolwwn 36 inches in length packed with helioces,
The column wes eguipped with s hesd desipgned for total re-
flux with partisl take off.

Hexadegenolc isold

The first distillation gave a 136 g. frection of esters
{boiling renge 126*13906, ssponifiostion equiveslent 270, and
fodine number 1ll15). By redistillstion of the neigzhloring
fractions (123-126% and 130-1339), an additionsl 125 g. of
muterial (sapounificetion eguivalent 271) was obtained.

The theoreticel seponification eguivalent for the methyl
sster of a 16 carbon stom seld with one double boud is 208
and the theoretical iodine nusber 18 94.5.

Ae _Low temperature crystallizsation of methyl hexa-

degencate.- 4 100 g. sample of methyl esters (saponification

equivalent 270 znd iodine number L15) wes dimsolved in one



liter of scetone apd allowed %0 stend in the refrigerator
at «159C for 24 hours. No crystsls were formed, so the
solution was cocled in a thermos flask by adding dry lce
(s0lid oerbon dioxide) until an excess was present. After

one hour, the mixture was filtered ss gulekly as pussible,
using & Buohner funnel which had been preacooled with 4ry loe
in scetone, end the white residue was washad three times with
precooled scetone.

The muterisl, after belng allowed to melt, was dissolved
in eoetone and dried with snhydrous sodium sulfste to zet rid
of traves of water whiaﬁ had oondensed from the atmosphere
during the lowetemperature operstion, The acetone wos dig-
tilled in an inert stumosphere, the lest traces beinz removed

at the sspirstor, The product was & strawecolored oil:

Yislad 62 .
Saponifiostion equivalent 270
Ilodine numbor B2

In & sindler manner, & second fraction of esters was
recovered from the filtrate of the low-tamperaturs orys-
tallizationt

Yiela 37
Saponification equivelent 269
Iodine nusber 167

Pifty pgrams of the first fraction (saponification equive

alent 270 and iodine number 82) was dissolved in low-bolling

petrolsum ether (13.5 ml, of petroleum ether per gram of

1

estor) and cocled to ~40°C with dry ice in & thermos flask.
After an hour at thia tempersture, the mixture was flltersd

using en inverted filter stiock and suction from the aaplirator.
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The residue wsa taken up in petroleus sther, dried, and the
ether removed:

Yield 5¢5 8o
Iodine number 232

The filtrute was cooled agein with en exvess of dry
ice, nllowed to stand for an hour, snd filtered as before.

A second resuidue was o&ta;aa&;

Yield 7«1l e
Iodine oumber L2242

A third fragtiaﬁ wag obLained when the ﬁil%:n%e was
dried and the petroleus ether renoved:

Yield 33ed B
iddine number 99.0

A portion (25 g.) of fraction three (iodine number 99)
was distilled at a pressure of 8 am, and 8 sample was taken
st 173°C:

saponification equivalent 269.%
Iodine number 96.0

Theoretical values for & 16 carbon uacld methyl ester

wiih one double bond are:

Saponificstion egquivelent — 268
Iodine number 94 5

de= The methyl

sster of hexadecenclc ascld wus oxlidized with hydrogen per-

dentificetion of hexadecenocic uci

oxide and sasponified to glive a low-melting hydroxyleted
product; hexsdecencle acld was oxlidized with alksline per-
monganste %0 give a high-melting bhydroxyleted product,
These vroducts were split with periodie aoid and the frag-

ments woere ldentifiod.
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de Hydroxyluntion with 30 per cent hydrogen peroxide,-

The method of Scanlan snd 3wern (15) was employed in the

hydroxyletion of methyl hexasdecenocate.

4% room temparsture, 8.39 g. of 30 per cent hydrogen
peroxide wan mixed with 33 ml. of glacial ncetic aclid; the
solution was heated to 80-859C for one hour. After cocling
to about zﬁ°c. it was mixed with 10 g. of the mesthyl ester
of saponificntion equivelent 269,5 and iodine number 96.

The heat of reaction wes not sufficeient to raealse the temper-
ature to 659C as was indlested in the literaturs, so the
mixture was heated to 65°C on a water bath, whereupon it
became homogeneoua lmmediately.

The resction mixture was asllowed to cool end poured
into 100 ml. of hot water. The oily lsyer was dissolved in
normal sodium hydrozide solution and hested for two hours on
the steam bsth., The hot solution was scidified with &6 N hy-
drochlorio scld end cocled in a refrigerator.

The crude white precipitate was melted and washed thore
cughly with hot weter slightly scldified with hydrochlorie
acid. The product was dried, extrascted with cold petroleum
sther L0 repove unreacted scid, and then recrystellized four
times from 95 per cent othancl. The final product, 2.6 g
of white erystels, melted at 85%0:

Analysis:
ﬁay@néﬁigﬁiigﬁdgguigglant for GlﬁﬁBEQ#
Found : 287

Green and Hilditebh (5) reported 84°C as the melting

polnt of one form of 9,l0-dihydroxypsimitic acid,



2«  lsriodate clesve:e of the low-meliting dihydroxypale

mitie acld.~ The method of King (10) wes employed to split

the hydroxy acid (m.p. 85°C)} and to separate the frugments,
which woere identified ss semi-onrbazones,

rotassium periodete (2.3 g.) in 76.8 ml, of normal sul-
furic acid at 209C wes added $0 a solution of 2 g. of dihye~
droxypalmitic acid in 153.6 ml., of 95 per cent ethenol at 409C,
After ten minutes, the clear solution waa cooled to 15°¢,
diluted with sufricient wuter to dissolve the precipitated
potassium sulfate, snd extracted with ether,

The ether wes removed under reduced pressure and the
product was ateam distilled. The distillate was extrscted
wlth ether snd washed with 8 sodium blearbonate sclution
followed by weater until the wushings were neutral. W¥When the
ether was removed at reduced pressure, & amall ampount of
golorless oll remained,

Semi-carbazide hydrochloride (0.85 g.) and 1.5 g. of
sodium acetete in aqueous alcohol were added to the residue
and the semi-ocsrbagone was removed by filtration. The yleld
wes 0,70 ge of white powder, After several crystsllizations
from agueous ethanol, the melting point and mixed melting
point with suthenic heptaldehyde semi-curbazone were 105°¢:

snelysis:
Per gent oarbon and hydrogen in GgHyyON3
Calouwlated: €, 56.12%; K, 10,01%
Found : C, 56.33%; He 10.,12%

The sagueous solution of the non=volatile product of

the pericdste cleaveze alter being cooled was extraoted with

ether. The ether was removed and the senmi-garbazonse was
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prepered as outlined for the volatile freotion. The yleld
was U.94 2. aud the product melted at 1619C:

Analysis:
Per ocoent carbon snd hydrogen 1ln Gy %96353
35”

Celoulated: {3’ 53'35;3; !i, 6&

Seanlen eand dwern (15} reported & melting point of
161-162°C for sazelaslc escid helf-aldehyde seale-cerbazone. It
is evident that the compound in question was the 9,lU~dihy-
droxypelmitic acid,

Je Hydroxylstion with salkaline pernunsenst@.= A 4Le¢5 g

semple of methyl eater (suponifiontion equiveleant 270 and
fodine number 102) was saponified with slooholie potessiua
hydroxide scoording to the rapid method of Glcott end Hattill
{13}« The free acid was hydroxyvlated with slkeline perman-
ganate according to the proecedure of Lapworth snd Mossram (11).

A olesyr solution wes obteined Ly warming the 4.20 ge of
acld {(caloulasted from the ester) with an equivelent welght of
sodium hydroxide in 500 ml. of water. The solution wes cosled
end 4 liters of ice water wes added. 7The mixture was Lhen
shaken at 10%C while 400 ml., o¢f 1 per cent potassium permaene-
gancte solution was added repidiy. &fter five minutes, the
mixture was decolorized by adding sodiusm blsulfite and 150 ml.
of econcentrated hydrochlorie aseid., The white flooculent pre-
clpitate wos filtered, dried, and extracted with 1ight petroleun
sther to remove the unresccted fatty acid,

The white orystalline product (3.0 g.) wass fractionstad

from agqueous athanol to a constant melting point of 125%C.
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Analysls: |
daponification equivalent for 0pgH450,

Caloulated: 288
Found t Q48
Green and Hilditoh (5) reported 123«124°C as the melt-
ing polint of one form of ¥,l0~dlhydroxypslmltic nold.
¥xtensive freoctionation of this produst snd of snother
1) g« somple, prepared in the same mnanper, gave no evidence

of more than one hydroxylated product,

hs L Joricodate gleavage of the highemelting dihyvdroxypale
mlbie agld.~ Une gram of the highe-melting form of the dihy-

droxypalmitic ecid wes split with periodlc aclid and the

-

fregments were sepsreted by steem distvillavtion sccording to
the procedurs of King (10}. The prooedure wes exeotly like
thet uszed for the lowe-melting lsomsr sand the fragments of
oxidstlion were ildentified ss the semi~carbazonesa,

The volatile fragment ylelded U.23 g. of seni-parbazone
whioh melted et 105°C. The melting point was unchangzed when
the compound wes mixed with the seml-carbazone of the cor-
rasponding oxidation fragment of the low-melilng dlhydroxy-
palmitic acld:

Anelysis:
Per cent of carbon sud hydrogen in Cgliy90N4

Caloulated: C, 56,12%; H, 10.,01%
Found § G, 55.64%; By, 9Y.92%

The non-volatile fragament ylelded 0.30 g. of semi-
caerbazone whioch melted at 161°C, This melting point waas not
lowered when the compound was mixed with the semi-carbazone
of the corresponding oxldation fragment of the low-mslilng
dihydroxypalmitio acid;
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Anslysia:
Ter cent of carbon and hydrogen in GlﬁﬁlgmBﬁB

ﬂﬁl@l&&ﬁ&ﬁ : i:: » §26 35‘%; }E » 8’ 35:@
Found H g s 524 Uﬁ,a; |31 » 8. L3‘§;

1t is evident that the nlghe-melting hydroxy sold is slso
9ell=dihydroxypalmitioc acid,

de _ ireliminery study by low-tamperature orystalliza-

tion.~ The ester fraction with s ssponificetion ejuivalent
of 2069 and an Lodiue numbar of 167 was studliaed.

A 25 g+ sanple was dissolved 1n 90 nl. of dry ecetonse,
aooled with an excess of dry lee, and flltered in the usual
aasnnor. Tho rosldue yielded 12.1 g. of ester with an iodine
number of 122, snd from the filtrsate thare was obtalned s
11.2 go fraction with an lodine number of 203,

The theoretical fiodine number for a 16 carbon uoeid methyl
sster with two double bonds is 191,

Attenmpts to ralase the lodine number above 203 by use of
difrerent eoncentretions of acetone and with mixtures of
mnethyl aloohol and scetone were unsuccessful. The ester fruc-
tion was sapoiified snd further attempts were made 0 rslise
the ipdine aumber of the sclds without success.

This work indiceted the prescncs of & 16 ocarbon acid with
more than one double bond énd the poassibllity of sn ooid with
aore than two double bonds, therefore & larger saajple of nmeli-
haden 0il was worked up.

Be Isolstion of the methyl eaters of hexedscatriencie
agids.~ 4 highly unastursted fraotion of 16 gerbon scid methyl

sster was Obteined by the ususl low-pressure fractional
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distillavion and low-temperature crystsllization.

esters.- & saaple of 1l kg. of mixed fatity nold methyl esters
fron commerciol destearinated meshaden oil (seponification
equivalent 303 and icdine number 173) was distlilled rapldly at
a8 pressure of 2-3 mm, until 8ll the 16 carbon acld eater had
pussed OVvVar.

These esters weres dissolved in acetone (1U ml. acetone
per gram of ester) and cooled at ~159C for 24 hours. The mixe
ture was filtered by suction through a precoocled Tushner funnel
and the residue wus woshed with precooled scetone. & seoond
scetone extruction was mede (5 g. scetone per gram of ester);
the residue had an lodine value of 4.5.

The coumbined filtrate wes dried with anhydrous sodium
sulfate recovered from the solvent and redistilled st » pres-
sure of 1 mm, through the electrionlly hested column described
praeviously. The intermediate fractions were combined and re-
fractionnted,

Table 1

The Fresctionastion of the Unssturated Fatiy ifcld Esters

Praction | Boiling Yield | Seponification | Iodine| Comment
range (ge} | eguivalent nugber
(9g)
1 80=110 5140 —— -we |Vory dark
2 110-115 46540 244 10,3
3 1261730 1250, 271 78
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ol

ization.~ 2 600 g. sample

of ¥raction 3 (saponification equivelent 271 and fodine
number 78) was dissolved in 6 liters of acetone und cooled
with an excess of dry ice. After one hour, & filter astick
was used $0 remove two liters of filtrate which gave framotion
numbey conet

Yield ' 48,3 B
Iedine nunber 155,0

The residue wss extrected with another liter of acetone
in the pressnos of excdss dry ice and the filtrste ylelded
fraction number two:

Yield 23,0 g
Iodine number 147.0

A third extraction with one liter gave & fraction nun-~
ber three:

Yield 1.9 o
Iodine number 138.0

The reslidue was reorystallized from light petroleun
sther in the presence of excess Jdry ice and e fraction
nusber four was obtalned from the filtrate:

Yield ‘ 220 e
Iodine numberx 109

The above prycess was repeated with anotier 590 g.
sample of esters., The three extractionas with agetons in
the presence of excess dry ice gave 51.7 g. of ester with
an lodine number of 159, 27.6 g. with an iodine number of
157, and 22,5 g. with an iodine number of 143.

3. Bromlnstion of the wethyl esters.~ The highly unsate

urasted methyl esters from the first scetone extraction of

esch of the above samples were combined and studied by



bromination.

The sample of ester (100 z. with s saponification
aquivelent of 268 spd an lodine nusber of 157) was dissolved
in one liter of ethyl ether and paassad throush s three inch
goluan of ectivated alumine (Grade 4, mesh, minus 80, from
the Aluminum Ore Company of iAmericeam). This procedure re-
moved some of the color from the solution. The ethereal 8o~
lution in a three-necked flask was cooled with orecked ic¢e
to 0°C snd bromine wes mdded dropwlse from s dropping funnel.
During this operstion the mixtarﬁ wus stirred mechanically,
the stirring belng continued for one hour after a reddiash
coloration, indioating an exocessa of bromine, appeared in the
floak. The excess Lromine wau destroyed with amylene and
the mixture allowed Lo stand for twelve hours st -15°C. The
mixture was filtered and the product (42 g.) was washed three
tizes with large amounts of cold ether. Nothling else could
be crystallized by concentration of the filtrste.

The product was reorystallized four times by dissolving
it in hot dioxene end aliowling it to stand at room tempers-
ture for twelve hours. The final product, 8.3 g. of white
sowder, melted at 190-191%:

Anslyaslia:
Per cent urosine in al 428023r5

Caloulated: 644
Found t 64.10%

Fetroleus ether was added to the combined dioxens mother
liquor from the sbove orystellization. After standing for

24, hours ad 12~15°C, a second orop of materisl was obtalned.
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This light bLrown residue wes weshed carefully with & mixture
of ether and petroleum ether. The residue, which was sllightly
soluble in ethyl ether bLut inzoluble in & alxture of ethyl sand
petroleun ether, wee extrected by refluxing with the ether

alxturo for a few alnutes snd finslly was recrystellized from

benzens:
Yield De?2 £e
Melting Polnt 169-170%0C
Anelysis:
Per cant bromine 1n Gigﬁasv ﬂré
Caloulated: &5
Found s Ghe2)h

The dioxane-petroleunm sther mother llquor wuas concentra-
ted to 75 ml., end 200 ml. of petroleun ether was added. aAfter
standing for 24 hours at 0%C, a third orop of dark materisl
wag obtalned Ly filtration.

This reasldue, after Tour extractions by refluxing with
ether and peirolsw: ether, and after recrystallization from
benzene, welghed 4.4 g The white powder nmelted at 165-166°C,
This meltlng point wes not iowered by the low-melting frsotion
obtained previously:

Analysis:
var sent uLromine in Gl %2803Hr6

Caloulnted: 64.40%
¥ound : 63.29%

4e Debromination atudies.- The sample (8.2 g.) of the

high melting bromlide was addod gradually to 100 ec. of hot
methanol and 15 g. of zine powder in a 500 ml. flask, A few
drups of conocentrated hydroohloric scid was added from time

to time to catalyze the resction. After sll the bromide wus
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added, the mixture wss refluxod for one hour and filtered.
About 75 per cent of the methsnol was removed under proessurs,
water was added and the mixture extracted wiih ether. The
estheresl scviuvion waes dried with aphydrous sodium sulfste for
saveral days asnd the ether was removed in on aumosphere of

nitrogen. The last traces were removed st the msplrator:

Yield el Be
Saponlfioation equivalent 265
Icodine nuaber 280

The theorvticsl values for a 16 carbon acid methyl esater
with three double bonds are:

Saponificstion eguivalent 264
lodiue nuaber 2088

The lower melting frections were conmbined and 10 g. of

the bromide was debrominated with zine dust in the same man-

ner:
Yield a&.B o
Saponificstion equivelent 266
Todine nwaber 236

The presence of s hexadecetriencic ncld was found in
Japanese sardine oil in 1929 by Toymuma and Tasuchiyea (18), and
fdaentified by the ssme investigators in 1935 (19) as the A 6,73
10,113 l4,15-hexadecutrienoic acid which wus oslled, hirogonie
acid,

5. Brominntion of the free scids.~ The free fatiy acld

wag s8l80 concoutrsted and bromlinsted, but in thls cese the
yislds were very low. £ 128 g. sanple of unsatursted nethyl
ester with an iodine number of 123 was sazponified with 33 gp.
of potassium hydroxide in 26 g. of water and 112 ml. of 95 per

cent ethancol asccording to the mild method of Cleott and
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attill (13).

The mixturs vwas shaken for a fevw alnutes until 1t ba-
pame homeuenecous, end 600 ml, of weter wus sadded. The
solution was ameldiflied with hydrochlorice scid, cooled, and
the solds were extracted with elher,

The solds (117 g.) wsre recoverad, dissolved in 351 ml.
of acetone, snd cooled with an excess of dry ice. The f£il-
trete yielded 19.) g. of dark oil whleh hed & saponifiocstion
eguivelent of 255 and en iodine numbar of 17J.

The materisl wss dissolved in 360 ml, of petroleum ether
and passed through & three-inch column of sctivated alumina.
The slizhtly colorsd solution wes brominsted at 09C to yield
9.8 go of dark smeterial inascluble in petroleum ethor., Nothing
else could bs erystellized frosx the mother liguor.

4y extonsive fraotionsl crystullimetion from lusrge volw
unes of sthyl ether and benzeone, two products weres isolsted
from the dark residue,

One fraction (U5 g« Mepe 185%C) was sliehtly soluble in
ether end soluble in Lenzened

Analysias
Fer cent bromine in Oyg4liaglaBry

Caloulated: 65.7%
Found 1 65.3%

The other fraction was insoluble in ether and only
slightly soluble in benzene, It melted at 215-218%C:

inalysis:
Tor cent bromine in ﬁwwmnwamwﬁw
Caleulsted: 65,78
Pound H gt Wﬁ
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Ce  Omonolyais of methyl heoxandecastriencate.- 4 ocombina~

tion of methods sugrested hy Toyama and Tsuehiyn (19), Farmer
and Ven den Heuvel (4}, and Spadols snd Riemenschnelder (16)

was used to ozonize 2 g. of the ester (assponificeation equiva-
lent 265, iodine number 280) in 20 ml. of chloroform at -59C,

Czonligzed oxysen (2.U7 per cent ozone) was passad through
the solution until it was saturated with ozone, The gaseous
mixture flowed in st the rate of 350 ml, per minute; three
hours were required for the operation,

The solvent wus roemoved under reduced pressure end 2.5 g.
of light yellow viscous material was left. The calculated
vield for normal ozounide, 317Hasgxx is 3.09 2. About 150 ml.
of water wes added to the ozonlde znd the sixture wns heated
on a hot-wuter bath for 30 minutes st 90°C, while e gentle cure
rent of hydrogen was passod through the fleak in order to sweep
out any volatile deconposition producis. The dscomposition
flagk wsa attached by a dslivery tube to thres other flasks
connected il suocoesasion., Flask numbsr one contained 50 ml. of
water snd wes coolsd with ice. FEach of the next two flasks
sontrined 100 ml. of one-~third normel bardum hydroxids %o catoh
any csrbon dloxlide ziven off vy decoszpusition,

A water laysr und o visoous yellow residue remeined in
the flusk after thirty minutes on the hot-water b=ath,

The first wash bottle gave 2 positive test with Sohiff's
reagent and hod an odor of sldehyde. ¥Yhen the liquid wns added
t0 a luke-warm sloocholic sciution of 0.5 g. of 2,4-dinitro-
phenyhydrazine conteining e smsll smount of hydrochloric acid,
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an orange colored jrecipltete settled. This wes recrystole
i1ized Crom slcechkol seversl times to yleld 0.21 g. Of monteriel
reltirng at 92-93%C:

Juelysls:
Cy 48e43%; H,y, 5.13 %

The 2,4~dinitrophenylhydrasone of valeraldehyde melts
8% 98°C and contains 49.6) per cent cerbon and 5.3 per cent
hydrogzen,

The bariuas hydroxide solution wss found Lo contain 0.31 g.
of barium carbonate, whioh is equivaient to C.00157 g. mol, of
carbon dioxide. Thia was obtained from O.00758 g. nmol, of
methyl ester.

The agueous layer i the decomposition Tlask was extracted
with two liters of sether (five 400 ml. portions). .anhydrous
sodium sulfate wes used Lo dry the stheresl solution and the
ether was removed at & reduced preasura.

The trace of liguld residue remeining wes refluxed over
night with a dilute solution of hydrogen peroxide according
%o the meithod sug ested by Farmer and Van den lleuvel (4). The
‘solution after being sllowed to cool was axtréataﬁ with a
large volume of ether. #hen tus ether was remnoved, a trace
of aeclidic liquid residue remelned, It wes not studled further
since there was such & smull emount present. Ko solid msteri-
al was isolated,

The residue from the decoaposition flask waes oxidized
by refiuxing over night with 2 dilute solution of hydrogen
peroxide. Then 25 ml. of 35 per cent potesalum hydroxide
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solution was 2dded and refluxines wns continued for another
hour to saponify any esterse, The mixture was acldified with
hydrochloric seld sud extracted with four 250 ml. portions

of ether. The solution was dried nnd the ether wus removed,
The olly semiearystnlline reasidue wes extracted with petroleum
ether %o give an inasoluble solid. This msterisl was recrystale
lized several tinmes from ethyl ascetsnte to yleld U.:22 g. of
white orystels which hnd 8 melting point of 149%°C whieh was
not lowered when mixed with authonic ediple scide The melting
point of adiplo nmold is listed in ths litersture as 151-1539%:,
The matorisl had 2 soponification equivalent of 71.6 as gom-
pared with a2 theorstical value of 73,1 for edipie scld. No
other acid wos isolsted.

4 1e8 g Baunle of the methyl ester (seronificstion
equivalont 266 snd Lodine numbar 236) wos ozonized to zive
23 2. of omordde.

On deconnosition, the volsiile sldehyde arssin pgave =a
amall anount of 2,4-4initrophenylhydrazone melting at 94°¢c,
The aacond anbsorption flask was found to contsin 0.52 g of
barium carbonste. The only dibasie aclid that nould be 1iso-
lated was 0.13 g. of msteriel melting st 148%C. This nelting
point wes not lowered when the sample wes mixed with the

meteriacl laoleted io the previous run,

Invastigation of The ¥raotion With a %agangwisgtiqg
ggulvnlent Neur Thet of The Hethyl =

As Zsolstion of the fraction.- » methyl ester fraection
{450 g., Table I, pnge 12) with & seponification eyulvalent
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of 244 snd iodine number 1U.3 wes dissclved in 4.5 litera of
agetone, cooled with excess dry lse end flltersd ss usuel with
a8 Tilter stiok. One and ocue~half liters of filtrate gave a
fraction pumber onet

Yield 202 8
Iodine number 8l.1

A seoond extraootion of the residue with a liter of
ascetone in the presence of excess dry ilce geve a fraction
nusber two:

Yield 1l e
Iodine number 80.7

4 third snd similar extrsotion gave a fractlon number
three:

?1&1@ ll-n § &e
Iodine number 81.0

The residue (394 g.) was roorystellized from light petro-
leum ether (13.5 ml. petroleum ether par gram of ester) and
excess dry ice, A frectlon number four was obtained from the
filvratet

Yialﬁ TeT &e
lodine numkar LB.B

The residue (385 g.), fraotion number five, had en io-
dine number of l.45.

The firat three fractions (20,2 g. wAth an lodine num-
ber of 8l.1, 11 g« with en iocdine number of 80.7, and 4.5 g
and iodine number of 8l.0) were combined and recrystallized
from ascetone in the usual asnner, and tha flltraete gave fraoc-
tion six:

Yield 23 g

Saponifioation equivelent 250
Iodine numbery 104
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A fraction nuaber peven wes obtained from the residue;

Yield 12 e
Iodine number Lhpe b

Theoretiosl volues for a L4 carbon otom scld ester with
one double Lond ared

Saponification eyulvalent 240
Jodine nuaber 106

4 mizture of 6 g. of froction four {(lodine nunber 48,.8)
and 10 p. oOf fraction nuasber seven (ilodine nwaber 44.5) was
reorystallized from petrolsun ether and rom the filtrate w

fraction niwsber e8lsht wus obtained:

Saponification equivslent 245
lodine numbaer 60.2

Fraetion number six (23 g.) with a saponification equive
alent of 250 end an iodine nuaber of 104 was fractionated et
& pressure of U.5-1 anm, through a 12-inch slectrienlly hested

colusny packed with hellioes.

Table 11

Frootionation of dethyl Bsters

Fraotion Bailing' Yield Baponification|leodine |Comment
range (o) squivslent |[numbdber
(e¢)
1 102-105 | 5.5 243 102 Dark
2 105-106 | 3.2 244 $5.7 | Dark
3 106-136 | 8.5 253

The dark residue snd column hold-up were not considsred.
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Be _lydroxyistion of the dlstilied Fraction l.=- Hydroxy-

letion of this frection gave & small smount of product whioh
weg svidently dinydroxypalsitic acid,

The sample 0f 5 g. was saponified in the usual nenuer
with potassium hydroxlide in water and alcohol. The soapa
were eoxtraoted with ether snd & smell saount Of dark une
sapouifiable natter wes removed (Lodine nuamber was not de-
terained). The socap solution was peutrelized with dilute
hydrochloric acld, snd the aclds were extructed with ether.

The sonewhat viscous zswmterlal wes hydroxylated by the
alkaline permenganste method, and sftor the product wes e6xe-
tractod with petroleusm ether %o remove unreacted materiesl,
only 8 very small amount of white crystaslline material re-
mained, This product wes recryastellized fronm eloohol and
water to glve 0,07 greams of rfinal produst which melted at
123-124%¢, and had a seponificetion equivslent of 285. When
this product was mixed with the highemelting dihydroxypalmitie
aoid, the meltliang point was not louwered.

The hydroxylation was repeated using 4.06 g. of Fraction
3 (saponification equivalent 253) end sgain s smell amount of
material which welted at 1249C was isolated. This melting
point wag not sltered by the high-melting dihydroxypeiaitio
aold.

By conecentrating the agueous slooholio wother liguors
from the above fractionations, 1t was shown Lhat n0 appre-
ciable amount of any other hydroxylated product could have

been prosent.
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A swull siount of substance wea obtalined from the hy-
droxyletion mother liguor but it could rot be erystellized
to a oonstant melting peinta

The hydroxylation procedure works well for hexadecenocic
and oleio aclda, and according to Toyamas and Tsuochliye (20;,
tetradecenole scid can be hydroxylsted by the ssme method and
recryasvallized from ethanol in good ylelds.

Cs Brominstion studles.- A 3 g. sesple of Fraction 2
{saponifiocstion equivalont 244 apd lodine numbar $95.7) was
brominated in petroleum ether at 0%C, . very smell asamount
of derk insoluble meterisl was formed, The product was ox-
tracted with 8 mixture of ether and petroleus ether, und
decolorized with activated ﬂhﬁfﬂéﬁ1 ia Dan zeno. ﬁuttﬂlaum
other wos added t0 the benzene aélut&an snd é susll asmount
of materisl erystallized when the mixture wes allowed Lo cool.
This meterial wﬁa recryotallized to yiald sbout 0,02 g. of
ten powder which melted at 158«159°C:

Analyslet
Fer agnt bru@;ne ig clzgzgﬁzﬁrﬁ
Onloulated: O64.40%
Found it 63.7 %

The materisl was svidently a mixture of hexsbromopal-

mitic sold methyl esters; this indicsted that m amell amount
of hexadecatriencoie aclid methyl ester was still present in
the freation.

During the ocourse of this work, the lowebolling: froo-

tions from a pumber of sster dlstilletions were redistilled,
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and that portion whioh was soluble in petreleus ether (13.5 al.
of petroleum ether per gram of ester) in the presence of exe-
cuss dry lce was Lroumineted,.

The amall amsount of ether-inscluble solid was renoved by
filtration, snd o very dark viascous liguid residue wag Obe
talned from the filltrate when the ether was removed at a reduced
presaurec,

A dark materlisl was distilled at & preasure of 1 mm., and
& large portlion of it, echlefly methyl myristete, cuame over
below 1109C, ¥Ho higher-boliling waterisl could be distilled,.
The flsak residue was s derk, resinous msaterial whioch was ine
soluble in ether,

sccording to Hiemenachnelidar and £ills {(14), methyl
dlbvromocmyristete distils easlily at 140-14590 end 0.5 mm. pres—
Bure.

1If totradecenolc escld ls present, it exists in negligible

gquantitiesn.

A 25 g. sample of the dark fruction (Table I, page 12,
bolling ronge 80-1309¢, pressure 1 mm.) was saponified with
potessiun hydroxide. 7The soeps were extracted Iive times with
ether snd soidifled wiith hydrochloric ecld. The fres solds
ware extrcoted with ether, dried, and recovered. The residus
of 16.3 g. hed & saporificetion equivelens or 194 and sn 1o-

dine number of L.3.
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Since this frastion representsa the methyl eaters dla-
tilling below aathyi'hy?iatnte. {t As evident that unaste
urated soids with less than fourteen ourbons sre absent, oOF

present only in negligible quantities,
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DLSCUBSION

It has been shown by earlier investigators (2, 17} that
the 16 carbvon unseturated scids of commerciel menhaden oil
roprasent 15.5~23.4 per cent of the totasl fatiy aclids,

On the basis of data obtelned in the isoletion of hexae
decencle acid during the course of this vwork, it was found
thet hexadecenole acid represents 7.72 per cent and the
hexadecatrienolie nclds 1.3]1 per cent of the total fatty acids.

These low figures msy be attributed Lo several factora.
¥lrst, the fatty acid composition of marine olls is known ¢o
vary slightly wlth the time ond location of the cateh. Uecond,
in the dlastlillation of the nmethyl esters, it was of intereat
to separete the 16 garbon acld fraotion ss cleanly as possible
from the lower and higher fractions. The intermediaste frace
tions were not included in the fijgures reported, In earlier
work where the amount of acid was of mejor ilmportsnce, the
composition of the intermediates was caloulated from mean
molecular welghts., Third, after distilletion, the ssters were
congentreted into one fraotion with sn lodine number of 82 and
another with iodine number of 167 by low-temperature srystal-
lization. The amount of sach meld was caloulated on the as-
sunptions that the firat freation was conposed of palmitiec and
hexadecenoiec acids, and that the second fraetion was coaposed
of hexadecencie and hexsdscstrienole amclds., In thils manner
the smsll amount of sastureted ecid that passed the lesd soap
gseparation was eliminated, Without a knowledge of the presence

of the higsher unsaturated solds, the iodine number of the mixed
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aolds would not necessarily siow the presence of saturated
cold,

The hexndecenvic said wes isclated and hydroxyleted with
hydrogzen peroxide to glve a dihydroxy derivative melting st
8500, and with slkaline permangenate to sive a dihydroxy deriva-
tive which melted et 1259C, reriodate oxldation of these cou-
pounds gave semle~garbazones indiceting that the following
fragments vere products of each oxlidation!

1. OHy(CHy) 5CHm
2. =2CH({CH,) 50008

It sappeoars that the acld wea A §,l0-hexadeconcic nold
{pniniteleln seild), and that the tuwo dihydroxypalmitic aclds
wors geovmetylic lsomers.

ABrominstion of the mothyl estors of tho highly unsat-
urated acid fraotion yielded two diffarent s01i4 hexabromo
derivativos melting at 169-171°9C and 190-191°C,

These conpounds were difflcult to separacte sund 1t is
likely that nelther was cospletely free froas the otiier., 7The
bromo-oonpowids were debroalnated Lo glve methyl asters com~
paring very favorably with methyl hexadecatriencate.

Gzonolysia of these eatsrs was unsaiisfocrory, so it was
not detarmined whether the hexabromo deaprivatives were peometric
isomers representing only one hexsdecatrisnolo ameld, or if the
brominses were solually in different positions representing two
or wmore hexadecstrienole selds.

A Qerivative whioch compared favorsbly with the 2,4-dl-
nitrophenylhydrazone of valeraldehyde wss obtalned when the
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contents of the first deoocmposition absorption flask was
treated with 2,4~dinitrophenylhiyérazine., The melting point
a8 well as the oarbon and hydrogen coutent wses low, and the
yield (0.21 o) was fer from quantitative; but it seens
provable that the meteriasl swept into the first flask was
valeraldehyde and possibly some lower sldehyde., (ince valer=
sldehyde boils et 10390, the method used to isolate it was
not the beat, but it is fessible thet s amall amount would be
swept over by hydrogen st 90°¢,

4dipie meid (0.22 g.) was Lisolated from the water ine
aoluble frection left in the ozonide decoaposition flesk.
Here sgnin the yleld was fer below theoreticsl, but it ine
diocates the preuvence of an sold containing the group,
®OHOH gﬂﬂ’ 2{}?’ 2{‘3}5 Ei}f-il‘ or =CHQCH 26!‘5 2!‘3?5 2&‘}%"1&’ 26&@!? .

The materisl wes not isoclated before saponiflieation, so
it can not be seld whether or not this was the terminal group.
Toyamas end Tsushiya (19) showed the presence of this
group in the hexadecatrienoic acld from sardine oil snd proved

it to be the terminal one, 2CL~CH ,0H,,CH Gl 5000H.  They 1so-

4
lated only methyl edipete from the inscluble frection left
after decomposition.

No dibasic acld was isolated from the watoer soluble
fraction left in the decomposition flask. A small smount of
acidic liguld remained whiceh could have been derived from
soms nmono-aldehyde left in the solutiocn or from the deconpo=
sition of mslonlic mold if tLhe group,=CHCOHCHe, was present

in any of the wncids.



It is known (12} that the presence of the group,

BCHCH HCIi®, glves rise to acetlc sold snd carbon dioxide on
ozonolysis snd subseguent decoumpoasition. The amount of oare
bon dioxide given off in the decomposition of ths flrst 0zO=-
nide was esquivelent o 21.0 per cent the theoretical amount
for one ®CLH,(Ha group, aund the smount given off in the
decomposition of the second onnida was 8xlihtliy greater,
These ylelds esre not guaakibaﬁiva. vut they are large snough
to indlcate the posalble preseande of un seld cuntalnling a
BCHOH 0™ groups. This is especlally tiue sincs tue dzonolyals
and decoaposition was nol couplete. JLly a trace of carbon
dioxide 1a pgiven of{ when the group, BCLHG pliiz, i8 abaenty
{12, 19},

Since the results of this purv of tie work were in-
definite and far from the theoreticael, it cen not be aald
whether one hexadecatriencic acld or a mizvure of &cllas wes
present,

IZ it is essumed that only one acld was present, there
is & faint indlcation that it might contaln the folliowing
groups:’

1o  CHCH,CH CHCHS

2. ®BCHCH ,CH

272
3. =C§§€2§izﬁia

i ~OHS

CH

2
Le SCHCHS
The =Cil«Ch® group would be neocessary %0 meke sixteen

CHETLONS o
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Ko -C00l group ls indloated since it cen not be said
which of the last three groups occurs on the end of the
molecule.

It is regretted thet & lerge ssenple of material was not
avellsable 50 that the work could have been repeeted in the
1ight of the above information.

Low~temperature corystallizstion of the amethyl esters
of the 14 ocarbon acids resulted in the isolation of an ester,
with a saponifiecstion egquivalent end lodine number that oore
responded fsvorsbly with methyl Letradecenoste, Hydroxyla-
tion and browinntion of this fraction showed the presence of
myristic ascid and traces of hexadeoenolo snd hexedecatrienocic
aclids, but felled to show the presence of s tetrsdeasnocic
acld.

It is evident that lowstemperature crystallizetion as
employed in this work would not be sufficlent to lsolute
small amounts of methyl tetradeocencate, It might set fLo eon-
centrate unsasponifiable decomposition products from higher
unsaturated aclids or traces of unsaponifisble matter thst es-
saped extrsotion from the original large bateh of sosps. Thesse
compounds might posgess unsaturation end tend to give high
iodine valuas,

The concentrated esters should be saponified, the un-

- paponifiable matter removed, and the lesd scep method applled

to further purify the fraction.
Sueh a procedure would have been advisable in this work.
There would have Leen no doubt sbout the presence of unssponie

fiable metter, and most likely the myristlo esold, and
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unsaturated 16 carbon aclds eould have been separcted more
completely. This might have shown the absence of totrae

decenoio acid without further work.
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APPENDIX X

mination of Saponifilostion Equlvalents

A modified mothod of Chargoff (3) was used for Lhese
detarmications. 4 50U mge %0 10U wmg. sample of acld or
astor was refluxed with 5 ml. of U.1 N sodlum propoxide
under an aire-oooled condenser for 30 minutes. The ground
glass jolnt wes washed with s few ml. Of distilled water
and the soclution wes titrated to s phenolphthsleln ende
point with 0.05 K asulfurie scid. A blank determination was
made under simliler conditions, and the mesn moleculsy welght

or saponification egulvalent was osloulated,

Sep. equiv,® Yite Of sample (mg,)

{ml. of Blank -~ ml. of Beok tit.) x N ot-aﬁiﬂ.
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APYENDLX II

~710u of the ;Qﬁina livaber

4 modificstion of the Hoffmesn una ureen method (¥ was
employed in these deterainationa.

sbout 100 mg. of sample, or enough to use 50 to 60 per
gont, of the blank Vitretion, was welghed in 2 smell visl and
trensferred %0 a glass stoppered flssk of 20V ml. capucity.
The sample wes completely diessolved in 20 ml. of shloroform,
then 25 ml. of approximately 0.2 b lodide monoohloride solu-
tion end 3 ml, of 2.5 per acent merouric acetate in glacisl
aootic acid was added with shaking.

After turee minutes &t room temperature, 20 ml, of 15
per cent potessium lodide and 50 ml. of distilled water was
added., The excess lodine wus titrated with 0.1 normel sodium
thicaulfste %0 su end-point with starehi. The emlculstion was

nade in the ususl manner,



