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Hephaden fish oil has been shown to be composed of glycerides that
are separable by crystallization from acetons at low temperatures., Sat-
urated glycerides amcunting to 2 percent of emde menhaden oil have been

obtained, The widely spresd iodine numbers of the other frections sug-
gost uses for these fractions. The one with the highest iodine number
was used to prepare & paint suitable for use on interiors.

Distillation of the methyl esters of the fatty acids produced among
others, seids with 18 and 20 cerbon atoms. The monoolefinie fractions
when hydroxylated by alkaline permanganate produced dihydroxy acids,

The location of the double bonds in the original acildse was indisated

by cleavege with pericdie acid %o aldehydes., ZEvidence obtained in this
manner points %o the presence of 9,10 and 11, 12~0ctadecennic acids
apd 11,12-eicosenoic acid. The zmore highly unsaturated acids were
brominated to yiald bromine derivatives of an coctadecatetrenoic acid

and an eiecosapentenoic acid.

The dihrﬂmxystqarie acids prapared from 9,10-octadecenoic acid
melt at 94° C. and 131° C. depending upon the method of hydroxylation
used. The relationships of the hydroxyl groups in these two acids have been

shown by measurement of the reaction velocity with lead tetraacetate



t0 be trans for the acid m.p. 131° C. and cis for the acid B.De 94° C.
Oleic acid, having the cis configuration, {s hydroxylated with elkaline
permanganats to the acid (m.p. 131% C.) having the trans configuration.
™hia resction 8iffers froam thaf between fumaric acid and alkaline per-
manganate %o mﬁwq dl-tartarie »aeid. Fumaric acid has the trans eon-
f1guration and the hydroxyl groups in dl-tartaric seid are placed i

a position in which they are trans to one smother,
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INTRODUCTIOR

R@ahaégn are small fiah whieh rerely grow larger than a foot in
lensth they ogeur in numerocus quantities along the Atlantic Coast from
Nova scotia %o Brazil. The whele fish is used for the commercisl pro~
duction ot meal (pretein concentrate) and oil. TFormerly, when ofls of
higher vitan:ln eontwt were more plentiful, menhaden oil was used in
the manntaaturé of aenp, paints, and linoleum. With the present large
demand for fitamins, menhaden oil is desirable for poultry feeding,

The utilization of whole menhaden oil for its vitamin eontent
resnlt;s.‘in an wneconomie dispos‘avl. of the fatty acids and their gly~
eﬁx'*idesl Practionation of the glyeorides of menbuden oil has been
aeeampiisﬁbé>§yﬁiaiﬂaem§eratufn erystallizetion from scetone, The
resultent fractions have desirable properties,

T&e‘pradipitaté»abtainaﬁ by cooling 1 g. of oil in 10 ml.'@r:.
acetone has sn iodine mumber of 92.9 snéd a aapéniricaxien eqnivaiéht
of 230, snd thus ¢onsists of a mixture close to the theoretical for
an 18 carbon acid glyceridé with 1 doudle bend., This fraction should
be suitable for hydrogemation and subsequent use as humin food,

The final f£iltrate from the cooling with dry ice had an iodine
aumber of 264 and seems likely to be a sultable drying oil. In a
preliminary test, this oil dried as fast as linseed oil and faster
than whole mnnhann oil. A paint containing this oil 4id not last
long when placed ocutside in the weather but after six months inside

proved to be equally as good as one containing linseed oil.



Saturated glycerides were obtained from the crude oil by cooling to

10? ¢, and by crystallizing the precipitste from scetone. These crystal-

line giycaridss dave an ivdias ausber of 5.9, & sapenificatien equivalent
of 268 and were obtained in & yield of 2 pﬁrﬁllﬁ fraz the original oil.
Fractional #istillaetion of the methyl esters c'r( the aeids obtained from
these saturated glycerides gave 19.6 percent methyl myristate, 2.0 por-
cent methyl palmitate, 17.8 percent methyl steasrate snd 0.8 percent
methyl arachidate,

" fhe unsatursted fatty acids are liquids and are difficult to sepa-
rate betause of a similarity of properties, The methyl esters wers
distilled to obtain fractions of equazl chain length., The components
of these fraetions, differing only by the number znd loeaticn of
double bonds, were separated by the differemces in solubility exhibited
by their solid derivatives obtalned by sddition of bromine or hydroxyl
groups to tke doulle boads,

It was found mssihls to concentrate the monoethenold acids to
better than 80 perceant purity {iodine valus) by erystsllization from
acetone at low temperature {31} or by srys‘ha}.lizatwn of the lithium
salts from acetone., Hydroxylation of the mmemenom acid mawtmte
with alkaline permanganata yvielded fyom the 18 carbon acids, 9,10-dibhy-
droxy atearto‘acm and 11,18-dihydroxy stearic seid., From the 20 carbon
acid concenirate, 1l1,12-dihydroxy eicosanoic acid was prepared. It is

thus evident that 9,10~ and 11,12-cctadecencic and 1l,lZ2-eicosencie acids

were present in the distilled ester fraetions.



From the respective highly unsaturated fractions, octabromostearic
acid snd decabrompeicosancic eeids were obtaimed. Thus in addition to
the monocethenoid acids, there are present an 18 carbon acid with four
double bohds snd & 20 carbon acid with five doubla boads.

In view of the above information it is evidemt that the fatty
acids of menbaden oil wary greatly in structure and chemical properties.
The componant glycerides sad rnt-w acids may provide a valmable source
of raw materials foxr new ehemical preducts., Since little is known com-
cerning the unenturated fatty aclids, it wes desirable to study them

with the objset of making them more useful.
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EXPERIMENTAL

. 3e ZEsshionation of Memhaden 0il Glycerides (32)

A. Baturated Glycerides. Crude menbaden oil after standlngfl&’ e
t‘ux ééiér;l days 'uﬁ‘a £11tersd by suetion to remove as much of the sdhering
oil from the precipitate as possible., A sample of crude o1l weighing 809
g+ deposited 81 g, ¢f paste with an iodine nunber of 139, A commerecial
sample of similar materiel supplied by Menhaden Fish Products Company,
Baltimore, m. which had been filter pressed at 5° C., had an lodine
number of 136,

The stearine paste was erystallized several times from acetone in
$he usual way snd the white crystalline materisl, having an lodine
number of 5.9 end saponification egquivalent of 268, melted at 53-54° C,

Alecholysis of 120 g. of glycerides gave the methyl ssters that
were used for fractional distillation. Examination of the saponifica-
tiom equivalente of the fractions revealed 19.6 percent methyl myristate,
62.0 pereent methyl palmitate, 17.6 percent methyl stearate and 0.8 per-
cent methyl arachidate. Pure myristic, palmitic and stearie aclds were
obtained by saponification of the appropriate methyl fractioms,

B. low Temperature Crystallization of Destearinated Menhaden 0il.

Eight hunired grems of destearinated menbaden oil supplied by the Fish
Producte Compamy, of lewes, Del. was dissolved in the regquired volume
of acetone (see Table I), After 48 hours at -15° C., the mixtare was
filtersd by suction through a cooled funnel and paper. The two sola-

tions were warmed to room temperature, dried over anhydrous calcium



ehloride and the acetone was evaporated in an imert atmosphere, The
last traces of solvent were removed at the water pump.

In one instance, when 10 ml. of acetone was used per g. of oil,
the filtrate was eooled to -60° C. wifh dry ice. The mixture was held

at this temperature for cme hour and then filtered using a filter stiek.

The results of these experiments are contained in Teble I.



TABIE I

Analysis ef Fraetions Obtained by Crystellization of Menhademn 011

. Tempera~ Aceione Jodine Saponifiecsation
Fraction ture per g. Yield onumber equivalent
‘ cll :
)
¢ ml, %
Original 041 .. e e o s s e s 181,53 300
A. Preecipitate «15%¢ 2.5 23,6 135.3 297
Flltrate a s e . e s 76.4 198,.,4 308
B, Precipitate -159¢ 5.0 16,0 107.% 295
?iltrat& » e a * » e 84.0 195.3 301
(Precipitate -15°¢ 10.0 12.4 92,9 290
¢ (Precipitate from
* { riltrate -60°¢ e e . 75,0 179.0 298
Saturated glycer- 1/
ides - a8 e o e 2.0 - 5-9 36‘8

1/ trom crude mephaden oil.



1. tionation of Unsaturated Acid Esters

A, Acids with Righteen Carbon Atoms, Baldwin end Lanham (2) have
reviewed the utontm reporiing the ester fractionation of menhaden
0il fatty acids emd have found that 25 $o 31 percemt of the total fatty
acids present have been reported as 18 carben unsaturated acids, One
fractionation of the unsaturated methyl esters gave less than 50 per-
cent of the theoretical yield of esters with saponification equivalent
clese %o mﬁﬂyl ola;atm Refractionation of mixtures, however, gave 4
further amcust of these esters,

Distillation of the methyl esters obtained from 2 kg. of unsaturated

acids yielded 220 g. of matertsl boiling st 150-165° ¢, at 2 mm, The
saponification equivalent was 294. Methyl oleate requires a saponifi-
cation equivalent of 292, By distilletion of intermediate fractions,
& Tarther 206 g. yield was obtained having a saponification eguivalent
of 293 and ea iodine pumber of 123, The methyl ester of am 18 earbon
acid with one double bond bas a theoretical iodine number of 88.0
while that with two double donds requires 1¥3.

B, Aecids with Twenty Carbon Atoms. The same distillation which

provided the previous fraetion ylelded 290 g, of esters boiling from
175° to 180° 0. at 2 mm. This material had a sapenification equivaleat
of 317 and an lfodins value of 228, The methyl ester of a 20 carbon
acid with three double bonds has a theoretical saponification equivalent

of 319 and a mmmtieal jodine value of 239,



11X. Jdentification of Acids in the Ester Fractions

A Octadscenoic Acids, A 200 g. sample of methyl esters {saponi-
fication equivalent 295 and iodine mumber 123) was dissolved in 2 liters
of ;eetono. The mixture was cooled by adding carbon dioxide until en
excess was present, A filter stick was used to remove 1 1. of filtrate
which contained 36.0 g. of esters with an jodine number of 181,

Acetone {500 cc.} was added toc the residue which was cooled and
filtered as befor?. From this filtrate there was obtained 31 g, of
esters having an i_oﬂina ausber of 166,

‘lha\ process was repeated by adding 500 cc, acetone to the residue
and by cooling and filtering as before, The filtrate yielded 19.4 g.
of esters hav.tng an jodine pumber of 153. From the precipitate there
was obtained 112.4 g. of material with an fodine number of 89.5.
¥etliyl oleate requires an iodine number of 85,7,

The p-phenylphenscyl ester was prepared using the acid odbtained
rrem\ the above methyl ester of iodine number 89.5. The precedure of
Drake apd Bronitsky {(10) was used to prepare a derilvative which melted
at 58-59° C. The p-phenylphenacyl ester preparsd from an authentic
specimen of oleic acid mslted at 61° C. A mixed melting point using
the two specimens was 60-61° C.

A 50 g. s&ﬁplg«ot esters {(iodine valus BS.5 was saponified and
the scids were used for hydroxylation with alkaline permanganate by
the method of lapworth and Mottram (21; see Appendix 1), The acid
after extraction with'hbt vetroleum ether was fractionated fram 95

percent ethanol,



Ths less seiuble fraction consisted of 52 g. of crystals melting
at 128,.5%° ¢. An autkentic specimen of 9,10-dihydroxystearic acid was
prepared and this melted at 131° C. A mixed melting point determina-
tion made with these samples was 130.5° C.

mlysis—-clan;gso& requires Sap. equiv, 316
Found : Saé. equiv, 316

The mere‘aoluble fraction weighing 2.8 g. melted at 115-116° ¢,

This was not changed by repeated crystallization from verious solvents,
Amelysis--CinHzg04 requires Sap. equiv. 316
Found: Sap. equiv, 316

Foricdate Cleavage of the Figher Melting Substance. Using a combi-

nation of the method of King (20) and Heing and Chang (18) the acid
{m.p. 128.5) was split and the fregments identified as semi-carbazones.
Potessium pericdate (1 g.)v in 30 ml. of normel sulfuric acid at 20° ¢,
was added to a solution of 1 g. of the dihylroxystearic acid in 65 ml,
of 95 percent ethanol at 40° C. After 15 minutes standing, the mixture
was cooled to 15° €., diluted with water to dissolve precipitated salts
and extracted with sther, The ether was removed under reduced pressure
and 0.7 g. semicarbazide hydrochloride and 1.5 g. scdium acetate in
agueous alcohol were added., The precipitated semi-carbazones were fil-
tered and extracted with 1 percent sodium hydroxide.

The alkaline filtrate was scidified with 2 percent hydrochlorie
aeid and thg precipitete (0.45 g.) when crystallized from aqueous azleochol
bad a melting point of 160° ¢. Secanlon and Swerm (25) report a melting

point of 161-2% C. for azelaic mcid half-aldehyde semi-carbazone,



Found: C, 53.9%; H, 8.2¢
The alk#li ihsoln'ble portion weighing 0.25 g. was erystallized from
aqueous alea&oi. The melting point and mixed melting point with an authen-
tic speecimen of nonanal semi-carbazone were 99° ¢,

Analysis--Caloulated for CjgHs ONz: €, 60.3%; H, 10.6%

Found: C, 66.}‘.”%; B, 10.9%

Periodate Cleavage of the lower Melting Dihydroxystearic Acid. Ome
gram ©f the acid was oxidized with potassium periodate in the smme manner

as deseribed sbove., The semi-carbszones were prepared and zeparated on
the basis of their solubility in alkali,.

The elkall scluble portion was further fractionated from aquecus
alechol. A portion weighing 0.15 g. was obtained and melted at 155° c.
The melting point when mixed with the semi-carbazone of azelaic meid
half-aldehyde was 145° ¢,

Analysis--Caleulated for OjgHonOsNz : C, 56.0%; H, 8.95%
Found: C, 55.6%; H, 9.17%
From the mother liquors there was obtained 0.15 g. of matarial
melting at 149° G.
Analysis--Calcnlated for CjpH;gOzNz : C, 52.4%; H, 8.3%
Found: G, 53.9%; H, 8.43%
The elkali insoluble portiom em erystallization from agueous alcohol

ylelded 0.10 g. of a less soluble fraction melting at 99° ¢, This showed

no depression of the melting point when mixed with an suthentic specimen

of nonanal sm-—nﬂamo.



Analysis--Caleulated for C;gHoioNg: C, 60.3%; H, 10.6%
Yound: C, 59.9%; H, 10.4%

An edditional yield of 0.05 g. of a substance melting at 83° ¢, yag

obtained from the mother liguors,
Analysis--Caleulated for CgHj q0N; : C, 58.4%; H, 10.3%
Yound: C, 58.6%; H, 10.1%
The recorded melting point of cctanal semi-carbazone is 98° C.
It would appear likely that the material analyzed wea a mixture, the
analytical results being fortuitous.
B, OQctsdecatetrencic Acid. The esters with en lodine number of

181 that were obtaimed in the first filtrate from the scetone crystal-
lization of the 18 carbon asid esters wers examined by bromination.
The esters {35.0 g.) were saponified by means of a hot solution contain-
ing 9 g. of potassium hydroxide in 7 ml. of water and 30 ml. of alechol,
After complete saponification, the mixture wes acidified, cocled and the
acids were oxtracted with ether. The ether solution was washed three
times with distilled water, dried over anhydrous sodium salfate and
made to 500 ml. with aamhydrous ether, This selution wes passed through
a eolumn {about 3 inches by 1l inch) packed with activated alumina
{Grade 4, mesh, minus 80, from the Aluminum Ore Company of Agaeriaa).
The alumina r@ewﬁ much of the color and the bdrominated eoﬁpmas pre-~
parsd from the above j;nrifisﬁ acids were whiter than those obtaiped
from the brominstion of the more highly colored acids,

The other filtrate from the alumina treatment was coolsd to -5° C.
in a 3 necked flesk snd ecoled in chopped ice., Bromine was added drop-

wise to the cooled selution under mechanical stirring. Stirring was

continned 'for an hour after an excess of bromine was indiceted by a



1z
redaish color in the solution. Amylene added to the solution combined

with the excess bromine. The precipitate was filtered and carefully
washed four times with ether. No suitable solvent was found for crystal-
lization. The product, weighing 1.0 g., melted at 230° C.
Analysis—Caleulated for Gy 0.Br, : Br, 69.8%
Pound: BPBr, 69.6%
A second crop of 1.0 g. was obtained from the ether solution by
evaporating to a small volume and sdding petroleum ether,
A similar preparation omitting adsorption on alumins produced an
ether insoluble bromo compound of melting point 230° ¢.
Analysis-—Calouleted for C)gHpeO.Brg : Br, 69.8%
Found: Br, 68,74
Methyl esters (183 g. of saponification equivalent 293 and fodine
value 1l42) were dissolved io 1.5 l. of petroleum ether and passed through
a column of activated alumins. Bromination, as above, at 0° (. yislded
14,7 g. of petmlem ether insoluble material. Extraction with 200 ml,
of ether, decclorization with charcoal, and cooling to ~10° C. over-
night, yielded 2 white powder which after two more crystallizations from
ether melted at 158° . The materisl weighed 0.4 g. A second crop was
obtained from the mother liquors.
Analysis-~Cglculated for G,gH. 0.8rg : Br, 68,7%
| Yound: 68,8% Br,
Toyema end Tsuchiya (29) have reported an octadecatetrenocic acid
melted at 220° . and the methyl ester at 215° C.

C. Risosenoie Aeid. A 75 g, sample of the mixed 20 carbon acid

esters dissclved in 750 ml, of acetone was cooled by adding solid carbon

dioxide in sxcess end allowing the material to stand for an hour after



13

thu"noluﬁon”oﬂf;" carbcn d1loxide gas had ceased, The dried precipitete
(11quid ot room tempersture) welghsd 28.9 g. and hed en iodine mumber
of 136.7. The acids were liberated from 25.5 g. of the above esters by
seponificetion. The 1ithium salts were prepared and crystallized twiee
from 80 perceat aguscus ethanol, The lodine gumber was fourd to be 87.4
{theoratical for sieosenoic acid is 81.9) and the yield was 4.5 8.

The sicosenofic acid concentrate (4.3 g.) in 500 ml. water coatain-
ing 4 g. of scdium hydroxide was cooled with 4 1, of ice water, One
percent potsssium permsngenate {400 ml.) waes added quickly, th; mixture
was sheken intermittently for five minutes and then decolorized by the
sdéition of 500 ml. of 10 percent sodium bisulfite end 150 ml. of comcen~
$rated hydreohloriec acid. The precipitate was filtered, alr dried and
sxtracted with warm petroleum ethsr. The residve (3.9 g.) after erystal-
lization from 95 percent ethancl had a melting voint of 115.5-116° ¢.
Green, Hilditeh, and Bﬁinsby (13) reported a dihydroxyeicosancic acid
melting at 130.5° C..

Analysis--Caleulated for gwti : Bap. equiv, 344
¥ound: Sap. equiv, 341

Periodate Oxidation of the Dihydroxyeicosamoic Acid, To 0.5 g. of

dihydroxyeicosancic aeid im 35 ml, of ethanol at 40° C., there was added
a m.lnt)ion of 0,5 g. of potassium periocdate in 15 ml, of normal sulfuric
acid at 20° 6. The mixture was allawed to stand for 15 minutes end then
was cooled to 15° C. Water was mdded to dissolve the precipitated salts
and the solution was extracted with ether. The ether was removed at the
water pump and the semi-carbmzones were prepsred by adding 0.35 g, of

semi-carbazide hydrochloride end 0.7 g. of erystalline sodium acetate

in agueocus alcobol. The mixture was warmed snd the precipitate cbtained
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Analysis-~Caleulated for Gpgg,0,Br,, @ Br. 72.6%
pound: Br. 71.0%

From the above mother liguors, e further quentity (0.09 g.) melting
at 131-133% g, was obtained.
Analysis—-Caleulated for CpoH, OoRr.., : Br. 72.6%
Younf: Br. 71-%
Toyama and Tsuchiyas (30) report a decebromoeicosanocic aeid from ssr-

dine o1l that melted around 240° ¢. with decomposition.
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DISCUSSION

The molecular struoture of the component glycerides of oils and
fats i assuming greatex importance. A symposium discussing the work
done in this field and the methods of investigation has been published
{7). 1In this symposium Embres presented evidence tc show the fraction-
ation of memhaden o1l into five eqaal fractions bPy molecular distillation,
The icdine mumbers of these fractions were widely separated, imdicating
the presense of glycerides with greatly differing properties.

Rismexschneider, Swift and Sando (25) showed that cottonseed oil
could be separated by fractional crystallization at low temperatures,
If menhaden oil is composed of glycerides with aiffering properties,
they should be separable by erystallization from acetone. This was
shown to be the case and the msﬁiﬁé are listed ia Table I.

By c¢ooling the mixture of 10 wvolumes of acetone per gram of oll
to -60° €. only 12 percent of the glycerides remain in solution and are
removed in the filtrate., This fraction, however, has a high lodine
muber and is a quiek drylng oil suitable for inside paints,

An attempt was made, by reducing the volume of acstone used and
by using a hiﬁ\#f temperature, t0 cancemtrate the highly umsaturaied

glycerides in the filtrate. At -15° C., using 2.5 ml. of acetone per

gram of oil, the filtrate contained over 76 percent of the oil that
bad an lodize mumber of 198, A paint prepared from this fraction did

not 4dry s0 well as did cme prepared from linseed oil.



17

. The saturated glyserides of menhaden oll ylelded myristic, palmitic,
stearic ecids and.a saall quantity of one of higher molecular weight,
While paimttie adid was present in & quantity grester tham the others,
the excesz was not great encugh to indicete the presemce of tripalmitin,

The ggeoﬁ fatty acids, with the exception of those with 18
carbon atoms noa.ﬂn in tam.a.n_nzo oils, have been little investigsted,
gu_ﬂ oils are uowomﬂ»uaa as being a good source of the more highly une
saturated fatiy acids. The properties of these highly unseturated acids
make 1t diffiecult to isclate them in pure unchanged form. Farmer and
van den BHeuvel {12) have attempted to show that distillation of the methyl
esters of the higher unsaturated fatty scids at pressures above those
used in molecular distillstion e¢muses drastic changes. It must be borne
in mind, thersfore, that the acids with two and more double bonds which
have been isolated by ester distillation are not necessarily identical
with those pressent in the origimal oil, It is necessary $o know the
strueture of the acids isolated by distillation if they are to be used
as intermefiiates in chemical reactions evem though they do differ from
the natural aesid,: -

Little bas been reported about the unsaturated acids of memhaden
oil. g ms_n woﬂp {4) studied the highly unsaturated acids of meshaden
oil by means ow cmwaﬁ frectionation and bromination, They concluded gmv

there were asids present with more than four double bonds.

The 18 ¢arbon scid fraction hes been said by Stingley (28) to be

ecomposed chisfly of oleie ecid with a trace of linmcleic acid, but no



sxperimental grifumice was presented in support of this,

e 18 derben unsaturated scids that meke up 25 to 31 percent of the
total fatdy acfids in .nuhud_m o1l have been shown to coasist largely of
the well Enown 9,10-0lete scid. In addition, evidence has been obtained
ﬁr the sxistends of another mono-olefinie 18 carbon scid. The dihydroxy-
atearic acid melting at 115.5~116° C. 18 presumably sn eutectic since
‘attempted separatfon by orystellization had no effect upon the melting
point,

Fhen the dihydroxystearie acid of melting point 115.5-116° G, wes

#plit by potassium pericdate, derivatives of the Pollowing fragments
wers abtuined:

(1} OHy(cH)glH =

(2} A mixture similar $o (1) tut with fewer carbons

(3) = cH (cHp)g COUR

{-&)l A n‘:ixiara aimilar to {3) but with fewer carbons,
It appears likely, therefore, that the dihydroxy acid melting st 1189 ¢,
conteins derivatives of the two following aﬁzidsz

(1) cEg{CH,)y CB = CH (CHp), COOR

(2) OHg(CH,)g OH = CB (CHg)g COOH
aeid (1) being the ordinary oleic acid, The 11,12-cctadecenole acid
(vaccenic ae-iﬂ}v is reported by Bertram (3) to have heea found in beefl
fat and tm%tqr' fat end is thought by Armstrong end Hilditeh (1) to exist
{n whale 6il.

Brominatien of the fraction containing 18 carbon acids has yielded

only derivatives with eight bromine atoms thus indieating the existemnce

of an octedecatetreseie acid., Such sn acid has been isolated from
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Japessse efny wil; Toyama and fsuchiya (29) have recorded the melting
of thets cctabrespitearie aneid as 220° C. and of the methyl ester as
215° ¢, The ectebpemsstearie acid from menbaden oil melted at 230° G.
and the methyl .ost.er melted at 158° ¢. Bromination of methyl esters
gave only a;}-iﬁﬁng of octabromosiearic acid,
m:m:yiation of eicosenoic acld produces a dihydroxyeicosanoic
acid melting at 115.5-116° ¢, Cleavage of this with potassium periodate
gave anly derivatives of the falléwim two fragments:
(1) oRy {CHp)y cH =
(2} = cm (cHglg coOH
Therefore, the eicosenoic acid is chiefly
¢l (CHply CH = CH(CHg)g COCH.
This 11,12-gicosencic acid has been reported previously in the vegetable
kingdom. OGreen, Hilditeh, and Stainsby (13) report that it has been observed
ian & 1liguid seed wax whers it is the chief component acid,
Bromination of the 20 carbon fraction has yielded only derivatives

of decabromoeieosancic acid., This indicates the presence of a 20 carbom

aeid with five double bonds,

The finding that ooctadecatetrenoic acid and eicosapentenciec acid
are the only highly unsaturated acids in these fractions ie in sgreoment
with the observations of Permer and Van den Heuvel (12). These suthors

state that marine animal oils contein omly one higher unsaturated acid
in each homologous group, thus the 16 cerbon group has an acid with 3

dcuble bonds, 18 earbon bas 4, 20 carbon has 5 and both the 20 and 22

earbon acida heave ons with 6,



Ko attempt was mede to investigate the aelds of molecular weight

higher than 20 carben acids with the exception of the finding that no

dihydroxy aeids larger than dibydroxyeicosanoic acids could be obtained.

T End

wf
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SUNMARY

It hes been shown by low temperaturs crystallization from acetone
that menhaden oil ¢an be separated intc components with greatly differ-
ing properties.

Prom the distillation of methyl esters of the unsaturated acids,
derivatives have been found which indicete the presence of 9,10- and
11,12-0ctadeceoncic acids, an octadecatetrencie acid, 11,12-eicosencic
acid and an elcosapentencic acid.

The observed and theoretical lodine numbers may be used to calcu-
late that the 18 carbon unsaturated fraction (85 to 31 percemt of the
total acids) contains 86 percent octadecenoic scids and 14 percent
octadecatetrencic aclds,

Similarly the 20 carbon unsaturated fraction {8 to 22 percemt

of the total acids) consists of 54 percent eicosenoic acid and 46

percent elcosapentencic acid,



PRT IX

ZSOWERISH OF 9,10-DIEYPROXYSTEIR]
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T™he .. 9,)0-oetadeceneic acid found in natural fats and oils poss-

8888 Ltwo 139!'r33”£93n6 by reasson of geometric isomerism arourd the
double bond, Mmeller and Shearer (23} from X-ray examination and Marsden

and Rideal (28} from serface film studies, assigned the cis configuration

to cleic acid end the trans arrengement to the higher melting elaidic acid.

Reagents whieh introduce hydroxyl groups at the double bond produce two
dihydroxystearic acids. The relationship may well be reprezented by the

following figure:

Hydrogen peroxide
| ~ \ dihydroxy acid m.p. 94° ¢.
in glaciel acetie acid

Oleie aocid

bilute alkaline

- 5 dibydroxy scid m.p. 131° ¢,
pormangznate

Starting with elaidie acid the opposite is true., Hilditeh (14) reported
that the higher melting dihydroxystearie scid is obtained from elsidiec
by the action of hydrogen peroxide in acetic acid. On the basis of the
more stable compound being assigned the trans configuration, it is thus
assigned to the dihydroxystearic acid melting at 131° C.

lead tetra-scetate as developed and used by Criegee (8) and co-
workers (9) offers a valuable method for the examination of the confi-
guration of 1,2-diglycols., The reaction between dihydroxy compounds
and lead tetra-acetate follows the conditions required for a bimolecular
reaction. Using this information the veloeity constants have been
determined at S0° ¢. for the reaction between lsed tetra-acetate and

dihydroxystearic aeid. Under the conditions utilized, K (higher melting

acid) = 692 while for the lower melting form K = 245 x 10°.



Orieges (Bb) 1ists the ratioc K e¢is/K trans for severzl pairs of
compounds. Mis numerieal values vary from 23 up to 130,000 for the
°mom§pa‘“ tested. m ratic for the dibydroxystearic ascids is
le:'ﬂ“ . 5&.% By mlm’tha ecnfigurations of the dihydroxy-

Stearic acids are determined.
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Preparation of Dihydroxystesric Acid (Higher Melting Form}. Commer-
eial oleie acid was oxidized by alkaline permanganate solution by the pro-

cedurs deseribed im Appendix 1. The product was crystallized from 95 per-

cent ethanol o « constant melting point of 131%° ¢, The molscular weight
as indicated by neutral equivalent wes 316, Chamnon, Irving and Smith (5)
have recorded 150.5-131° ¢. For the melting point of this acid, the
ecaleulated molecular weight is 316.

Preparation of Dibydroxystearie Acid (lower Melting Form). The

method of Scanlom and Swern as descrided in Appendiz Z was used for the
preparation of a dihydroxystearic acid which melted at $4° C. and had

& molecular weight of 315 (meutral equivalent). Scanlon and Swein (26)
record 89-91° ¢. and Rilditeh ({14) reports 95° C. for the melting point.
The calculated molecular weight is 316.

Determination of the Velocity Comstants. To 25 ml. of a 0.02 molar

solution of dihydrexystearic aeid in glacial acetie aeid at 30° C., there
wes added 25 ml, of a 0.02 molar solution of lead tetraacetaute in glaelal
acetic acid, also at 30° ¢. Time was measured in minutes from the first

contaet of the two solutions and the reaction was sallowed to proceed in
a comstant temperature bath at 30° C., samples (5 ml.) were removed at

measured intervels. A 5 ml. aliquot was pipetted into 2 ml, of a solu-

tion made by dissolving 20 g. of potassium iodide and 500 g. of crystal-
line sodium acetate in one liter of water. The liberated iodine was
titrated with C,.01 normal sodium thiosulfute. Caloulations are based

upon the equivalents of lead tetraacetste in the 5 ml. of resction mixture,
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Calculations of the veloeity constant have been made using the equation
for secomd order reastions when the concentration of btoth reactants are
equal:
()
Where: t % time in minutes
a = originel conecentration of both reactants
x = esncentration of both resctants at time t.

The leed teirascetete solution was made in two ways. In one, ery-
stalline lead tetraacetate prepared by the method of Qesper and Deasy (24)
was dissclved in glacial scetic acid whieh bad been distilled from chromium
triozide, Results obtained using this method have been listed in the first

twe tables. The second soluntion of lead tetracetate contained lead discetate
else, since red-lead oxide ‘Fhaﬁa’ was dissolved in glacial mcetie aecid

and used as such,



TABLE I

Reaction Velooity of Dihydroxystearic Acid (m.p. 151° C.) and

lead Tetraacetate

Hin, a0
o 10.24
9.0 .. 3,91 6,33 670
14.0 c. 5.11 5.13 695
20.0 “e 6.00 4.24 691
52.2 . 7.18 5.06 711
a2.2 e 7.67 2,57 694

Average 692



TABLE IIX

'Reactlon Veloeity of Dibydroxystearic Acid (m.p. 94° C.} end

© t4ed Tebrasceiate

mo MValante m'. Lead ?etraacétg%e in ‘5 nl, : L 102
originel Regcted
() 2107%  (z} 22075 {a-x) 2 205
0 3584 L
1.45 <. 3.0& B 2.20 246
2.30 | 8.75 1.49 249
.10 .. ‘ 99.‘35 .18 242
400 ... 5.52 0.92 24
‘5.15 e s e 8.60 0;‘74: 243

Average 245 x 102
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Oxidetion of Fumaric Acid widh Alkaiine Permengemste. Xekule and
Anschutz {19) reported the formation of racemic tartarie acid from fumarie

a¢id by alkaline permanganate. Fumaric acid (29 g.) was diasolved in

& solution ef 50 g. of potassium bydroxide in 200 e,e. of water. At
room temperature, 7.5 liters of 1 percent potassium permangapate was
added in five portions with cooling to keep the temverature from rising
above room tempsrature. Three hours after the last of the solution had
been added, the mixture was heated for an hour on the steam bath and
filtered from the oxides of manganese. The precipitate was washed well
with warm water. To the combined filtrates, acidified with acetic acid,
leed agetate solution was added untll precipitation was complete, The
filtered and washed lead salts were decomposed with hydrogen sulfide,
The lead sulfide was filtered and weshed thoroughly, and the filtrates
evaporated mearly to drymess, alcohol was added@ and mixture allowed to
erystallize, The product after recrystallizetlion fram agueous alechol
melted at 2059 ¢, The melting point recorded for racemic tartaric acid
is 204° ¢, {27)., P-phenylphenacyl ester was prepersd by method of Drake
and Sweeney (11). Neliting point and mixed melting point with an authentic

specimen were 118° G,



DISCUSSION

™e velacity ¢onstants obtained for the two acids by the two lead
tetraacstate ‘solutions are summarized:

T Iead tetraacetate solution from:

Dihydroxzystearie Acid Crystalline tetraacetate Red lead oxide
B.D. 151° ¢. 892 678
B.p. 94° ¢, 245 x 10° 212 x 10°

K
Ratio 9*%1316 35.4 31.3

The lead tetrzacetate solution prepsred from red lesd oxide gives
veloeity constants which are somewhat lower than those derived using
cr;stallina lead tetraacetate., This is due to the presence of lead di-
acetate in the solution made from red lead oxide. Iead diacetate is one
of the products of the reaction and the higher concentration retards the
reaction.

The ratio Eg40/Ky5;©, which equals 35.4, falls within the range of
Criegeo's values for the fatib'K eis/X trans., It may therefore be con-
c¢luded that the dihydroxystéaric acid melting at 94° ¢. is arrenged c¢is
while the other is trans.

Furthermore, since the cis arrangement is assigned to oleic acid,
alkeline permanganate produces a trans dihydroxystearic acid. This is
in contrast %o the reasetion of alkaline permanganate with fumaric acid,

in whieh racemic tartariec meid is formed., The latter involves no shift
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since both the reagent and ithe product are trans aclds,

Before the completion of this work, Hilditeh and Jasperson (16)
pablished a mote on the oxidation of dihydroxy- amd tetrahydrozystearie

acids with lead $etrescetste. This information indicates that the acid

melting at 95° §. 45 oxidized much more rapidly than is the higher melt-

ing acia, Thts is in agreement with the findings repurted here.
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SMARY

Chemigal avidence has been presented to show that the 2,10-dihydroxy-
stearie scid melting at 94° C. exists in the c¢is econfiguretion while that

relting at 1%:° ¢. possesses the trans arrangement,

In 0,01 molar concentration at 30° G. the velocity eonstant for the
reaction of lead tetramcetate with {1) dihydroxystearic acid (m.p. 94°% ¢.)
i3 245 x 10% and (2) dihydroxystearic acid (m.p. 131° ¢.) 1s 6oz,

fhe reaction of cleie zcild with alkaline permanganate is anomslous
in that a shift is produced from a cis reactant to a trans configuration
of the produet. In the nommal reaction, az that between fumaric acid end

alkaline permamganate to yield racemic tartaric aecid, no shift is produced.
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APPENDIX

1. Hydroxylation of Momoolefinie Acids with Potassium Permanganste

b7 the Method of Lapworth end Motiram {21). A clear solution of the sodium

or potassium salt of the acid was made by warming 5 g. of the scid with an

equivalent weight of sodium or potassium hydroxide in 500 ml. of water.
This solution was covled, 4 1. ¢f ice water was added and the whole was
shaken at 10° ¢. while 400 ml, of 1 percemt potassium permanganate solu-
tiop waz added quiekly. After five minutes, 200 ml, of 10 psrcent sodium
bisulfite and then 150 ml). of concentrated hydrochloriec acid were added
to decolorize the solution and to precipitate the scids. After settling,
the mother liqaars were siphoned, the pre¢ipitate was filtered snd washed
with water m;t'il free of acid, The precipitate was dried, washed with
light petroleum to remove saturated and unoxidized acids. The precipitate
was crystallized from ethancl or eothyl acetate,

The yields with this method are exeellent if one starts with a pure
monoethonoid acid. If higher unsaturated acids are present in appreciable
proportions the yield is reduced. Slightly lower yields were obtained

when 10 times the above guantities were used.
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onp of Mosoolefinic Acids with Hydrogen Peroxide in
Acetic Aeid by the Method of Scanlon and Swerm (26). At room temperature,
8567 g. {5 moles) of 30 percent hydrogen peroxide solution and 1800 ml.

glacial acetic acid sclution were mixed and heated at 80-85° G. for ome
hour, "he mixture was cooled to about 25° C. then 706 g. (2.5 moles)
of oleic acid were added. 7The ensuing excthermic reaction was allowed
t0 proeeed without application of heat but cceasional agitation was
necessary. W¥hen the temperature had decreessed to 20-285° C., the mixture
was filtered., The filtrate was poured into 6 1. of hot water. The agqueous
layer was siphoned and rejected. The oily layer was dissolved in 4.5 1.
of normal sodium héﬁmnﬂe solution and heated for two hours on the steam
bath. The hot solution was made acid with 6 nmormal hydrochloric acid and
the so0lidified acid was separeted, This product was remelted and washed
thoroughly with 3 1. of hot water slightly acidified with hydrochlorie
aeid. The acid was erystallized from ethanol.

This method of hydroxylating oleic acid works equally well with the

methyl ester of oleic acid.
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3. The Dstermimation of the Saponification Equivalent by A Modification
of the Kethod of Chargoff (6). A 50 to 100 mg. sample of acid or ester

wae refluxed with 5 ml, of 0,1 normal sodium propoxide under an air cooled
condenser for 30 minutes. The ground glass joint was washed with a few ml,
of distilled water and the solution was titrated to a phemolphthalein emd-
point with C.05 normal sulfuric acid., A blank determination was made under
similar conditions,

The sapoﬁiﬁcatien eguivalent was caleulated using the following

equation:

Saponifieation equivalent = Weight of sample (mg.)
' {Blank ml, - Back titration mi.) x
Kormalty of acid

It is %0 be noted:

{a) The back titration was made in the cold.
{b) As calculated, the saponification eguivalent squals the
mean molecular weight.

{e) Acide a8 well a3 esters were subjected to the same procedure.



