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PART I

A EVIN OF CROATOGRAPTIC MEDHODS FOS PATTY ACID ANALYSIS

(1) Lntroduction _

Frogress in fatty acid chemistry has alwnys been intinately
linked with the development and application of more effective and
ecourate methods of irvestigation. The natural fats consiast of
complex mixtures of triglycerides and the eralysis of these sererally
comences with en Lrwestigation, both qualitative ard quantitative,
into the component seids present after hydrolysis, followed by o study
‘of how these aclds are dlstrituted smonpst the triglyeerides.

For the aralysis of the -omponent acids & technique is yequived
that will both resolve an intricate mixture of honologous acids end
ellow for the estimation, description and isolation of ssch component.
The classical analyticel techniques, dependin: lerpely upon the
measureme 't of seponification eguivalent and iodine velue of fractions
obteined from 2 pertial mtim&timmbymm
orystallisation oy vecuun dlstillation etc., zove & reasorably
accurate oversll picture of the aclds present, but were gererslly
insensitive to minor comporerts ( <17). lany of the newer techriquos
ere however sble to achleve such annlyses, their greater vesolvirg pover
rendily separating substences which were yenerally resistent to the
older methods. This great incresse in resolving power permits

snalyais of conplex mixtures even in the prese:nce of unsuspected
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components and hence these techniques sxe perticulerly suitsble for
identifying trece scids.

The methods used for the analysis of fatty acids have undergone
ropid changes during the lest decede ard 1t is now realised that there
exists no single analytical method able to deal with the whole complex
range of naturally ocowrving ecids. It is with this in mind that
this short review, sumnarising the more lmportant chromatographic
methods evaileble at the present time hes been written.

(2) Chromatography. '

Chronatogrephy may be defined as a method of analysis in which
the flow of a fluld couses the camporents of & mixture to migrete
@ifferentially from a narrow zore in a sorptive medium into a sequence
of separated somes. Chromatographic mothods are usually class!fied
as elther, adsorption. ion exchange or peartition depending upon the
type of stationary phase emloyed. Oirce there are many dfferent
matorials which can ssrve as statiomary ard mobile pheses 1t ia posaible
to devise many experimental systems for chramatogrephy, the moat
important of which in relation to the analysis of fotly acids, ere
outlired below.

(3) Adsorption in Chromatogrephy

In edsorption chrematogrephy the natoriels to be seperated eve
applied to the top of & colum of finely divided adsorbant and a solvent
is allowed to percvolate throush the column. The couponents of the
mixture which ore the lesst adsorbed migrate at the greatest speed
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snd $30MM0 15 eontimit tetil sach o 16 Sventuslly weitied Bigh
the column into & suitable detector. For the analysis of fatty scids
the material in each eluate froction can be cstimated most corveniently
by elkall titwation. The method just described 1s celled elution
chromatopraphy. 1wo other methiods of operating such a colum are
however used, namaly, frontal aralyasin, in vhic) a solution containing
the mdxture is passed continmiously theoush the eoluan and dlsplecement
arnlysis, in which the mixture being aralysed is @isplsced by o more
strongly edsorbed substance. This latter method has been used by
Holnen & Hagdshl o separvate mixtures of formio to eicosenoic acids
using charvoal an adsorbant ernd agueous ethanol as the displeder.

Adsorbtion chramatogrophy on sllicle acid has bLoen used to prepare
pure methyl linoleate and methyl linolenate from linseed oil by
Riemenschrelder“and the separation of fatty ecids on charcoal columns
has beer studled by Capon und Gillies s Howbton® hes peparated the
methyl esters of Tetty scids conteining different nubers of vieinal
brosive atoms by elution from alunine end the nlumdne adsorbent hes
fourd use in the chromatogrephic eralysis of the hydrowy acids of
mrcmmxs,

The seporation of scil mixtures by adsorbtive ehromatography om
silios gel, in the form of a thin layer on o gleos plate, has been
developed by Stehl et a1%'” eni has been aprlied to the snalysis of . -
fatty acids by Hangeld end ¥alins®. By varying the polarity of the
solvent Morris et al’ have separeted saturated and unsaturnted csters
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as well ss mono-oxygenated and d-oxypenated cetors of lom chadn
aolds, The method of detection is by spraying the chrumetoplate
with 50/sulphuric ecid and heating until all the orpenic constitusnts
are cherrved ard eppeor ap black spota. The rete of sppesrance and
irdtial colour of the spote gives Quelitative informetion regerding the
degree and type of unsaturation of esch component.

Adsorbtion chromatogrophy doos rot usually give o guentitative
snalysis, probebly dus %o incompletely seversible adsorbtion; end
peartition chrosatogrephy, where guartitative wor': has been perticulerly
successful, hes lesgely taken its place.

(4) Portition Chrometomrnphy

Fortition chromatogrephy depends, like counterx-current dlstribution,
upon the differences in concentration of solutes in two contacting
fluids resulting fyon the differing pertition coefficie ts of cach
camponent. The method utilises o system vhereby one liguid is held
stationary on en dnert support whilst the other 1iquid or ges flows
_wt.. The wmost comion systens eye: (1) Pertition chromatogrephy
itself, with a stetionary polar phase and a non-polar wowing phese;
(11) Reversed phase chromatography in which the polarity of the two
phoses 1s roversed; end (1ii) Gen/1iquid chramatogrsply which hes e
stationery liquid phese end o mobile gns phase., Canbinations of the
mary posuible atationery and mibile phsses with o differing muber of
suprorts and mothods of dateoting the eluted zores give rice o e great
muber of chrametographic systens — Only the more luportent will be
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() Bepor Chromatograpisy.

Pepor chronatogrophy is a type of pertition chromatography
in which the stationary phase is supported on peper; anl the mobile
phose is pleced ot the top or botton of the paper to give elther a
descending or an sscending solvent front. During development of the
chromatogram equilibriun is maintaired between the liquld phese end its
Vapoux'. mmmamumwwmnfvam.m
express the relative rate of movement of solule and solvent. Thus
in many cases the mothod enables the cosponents of o mixture to be both
separated quantitatively and identified individually.

Fepey chromatogrsphy hos been applied $o the analysis of short
chain fatty ncids by Beid and Tederer . These workers used butanol
saturated with 0,10 N amoonla ss o solvent and bromocresol purple and
formanldehyde os a dateoting wesgent, The fatty acid content wea
estinated from the erea of the yellow spots produced on a purple ground.
Methyl yed end brosothymol blue in forwalin heve Leen used by Duncan
end Forteous™ to detect eluted acids and the method hes been used to
anclyse the volatile soids from wool wax by Jenecke and SenPt 3,
w&ﬂmnmmdpthmMmme
have discussed the spplicetion of verious systems to the anslysis of
fatty ncids apng which 18 o method for corvertiny the seperated Patty
acid spots to thelr copper soaps and thetce to copper sulphate followed
by a polerogrrphic enalysis of the copper™ . Koufienn and Schuurtusch®®
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have used peper chxomatogrephy to enalyse the mixed acids fyrom linseed
0il and detected the separcted aclds as their copper or mercuyy So0DS
ard mercury sddition compounds of the ursaturnted ecids. The arens
eve moade visible os mercuric sulphide or cupric scetate.

The peper support hes beon n dfied in various woys to enhonce
its sorptive powers for the higher fatty sclds, thereby comwerting
the system to reversed phase chruvmatogyapiy. Iatex on peper was used
by Ashley' for the amalysis of the Oy, %o O,, acids and the
impregnation of the peper with paraffin oil extended the acld range to
€., %,  mallawe and Gronble® alscussed the ceparation of over forty
ecids by reversed phase chyomatopraphy on poper Lspregnated with liquid
paraffin or eastor oil, using agueous acetic scid as the mobile phase.
The method wes mede guantitative by photometrie estimation of the
oopper, a8 o Athic-oxamide complex, from the coprer soeps.
Chromatogroms of the mixed acids alone, after hydroperation and after
oxidation with alkaline permenganate allowed the quontitative analysis
of § mg, eamples of acid miztures, FPoper chromatography on siliconiped
paper with a solvent system of agueous acotonitrile contaiving 27 acetic
scid has been uned by lorris ot el to seperate the mono end dl-hydroxy
ond epoxy acids. The clwomatogyams were stained with lodine vepour to
indoato the unsaturated compounds or (=gyolodextrin and iodine to
show the saturated compounds, sceording to the method of Sehlenk et e1'C,

The inverse rafial chromatographic method of Sulser' using peper

inpregnated with liquid peraffin pensits the enalysis of naturally
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oocurring scid mixtures. The circular chromatogrea is cut in helf

- erd one half is sprayed with cupric acetete ond potessium ferro-cyenide
to detect the seturated acdds whilst the othor helf is treated with
potassium permanganate, bensidine resgent for the ursaturated scidas.
A matohing of the two halves permite caloulation of the composition
of the mixture.

Both Howe™® and Crosbiel have dlscussed the relationship between
%M\nmﬂdﬂﬁmlﬂhﬂoﬁn@mﬁpﬁnﬁuﬁﬂhﬁﬁmmmﬁuaﬂ'
MM%Mmgmwtmmmmewm
sepereble by psper chromatogrephy (e.g. Palmitic ond Oleie). Koufmann
and Avena>® have howover separated these “critical® peirs by
chromatogrephy of their more polar thioccysnbgen derivetivos.

mmumcrmcmwcmrmsymmbmmm
by Pranks®2, using peper irpremmated with 1iquid peraffin and s mobile
phase, the composition of which wes nltered ot o constent wate. The
techrique 4o know a8 prodient elution.

The versetile techrique of poper chyomatogrerly, which possesses
an advontege over gas/liquid chyomatoprephy in that only sluple
epporetus is required, therofore mokes an iuportant contribution to the
micro-analysis of fatty acids.

In this method of chrometogrephy a mobile phase is sllowed to
percolate through a column in which a second phase is held stationacvy
mmt@tmﬁ- For satisfectory chrovatogrephy the stationary
phose should be n solvent in widch the comounds to be separated have o
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grecter sclubility; they ave then eluted by a greater volume of
mobile phase in which they are less soluble. For analysis of fatty
oecids the most ususl method of detecting the eluted sones is by
titrating senll fractions of the effluent fyon the colum. These
titration velues are then plotted ageinst the fraction rumber ard, ns in
cowtercurre -t distritution, a series of Geussion shaped curves result.
The area under esch curve is then a messure of the quantity of acidd
eluted. C(uantitative recoveries of material are gene:olly possible
by this method.

The resolving power of pertition chrometography is determined by
the mmber of theoreticel plates svallable for the particulsr system
being used and es in countercurrent distribution s mathematical

dsscription of the technique hes been formulated 2720+

The
mathematicel trestents permit calculation of the muber of theoretical
plates and the pertition coefficient of ecch comporent froan the shepe
of the elution ocwrves, and can therefore be used to rredict possible
soparations of fatty aclds based upon partition coefficient data.
Column pertition chromatograply hos been applied to the seperation
of short-chain water-soluble colds by Mervel end Rands® , using a
silicic acid column and various mixtures of butanol /chloruform ss the
moblle phase. A siliele secld column, holding methancl as a stationary
phase, and 2:3i-tnmethylpentare as mobile solvent was used by Homsey
end Patterson’ to seperate the Ug to C,, ecids and this sethod was

Mdapﬁmammmwwmmw. The nethod hes
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been extended to cover the range G, to C,,, soncbestic seids, and G,
to G,y dibasio seids, by Vanderhewel®; and by using oqueous
emronde in silicic ocid end & mixture of petroleun ether ond butyl
ether as developing solvent, Zbinovely® extended the rarge %0 g to
Gy, for monchesic scids end fyun Cpg down for dbasio colds. Glyedne

supported on silicic acid has been proposed as o stationary phase by

Gmomm. In this method the p! of the glycine determines whieh

ecids sre removed by elution with butsnsl/chloroform solvent. A
;ﬂmﬁﬂhﬁhuﬂhmﬁhmﬁﬂamq‘w
Bm;NﬂWgﬁdewidmmw'wtmmm
been extended to the dibasie scids.

Column chyometogrephy hes been exterded to the analysla of the
longer-chal. fatiy scids by holdding the norn=polor phase stationary in
the modification knowm es reversed phese chronetogrephy. — This
modification was Plyst proposed by Hownrd and artin®® who sepercted
sdxtures of Gy ©0 Oyg morobasic sclds using liquid peveffin supported
mmmmmmmmwmmm
o8 mobile phase. The soope of this method was extended by Silk end
g™ and Kapitel® to cover the monobesic acids renging frum Cy4 to
Coq
inciude bersere supported on powlered
ecatylated cestor 0117 supported on silicorised kleselguhr; and

Other stationary phascs used for reversed phase chromatography

: “,l castor 01135 ard

powdered polythene® . A further modiffcation to this type of
chronatomaphy is the use of a mobile phase which altersc in concentrallon
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at & uniform rate during development of the clyumatogrem. The
technique 1s kmow: as gradient elution®’, the theory of which hes
been given by Werner snd Lende .

The pertition coefficients of o monoethenold acid and the
umudmmﬂﬂxhofmramﬂwlmmmmmmﬂnt
partition chromatogrephy cannot separate such "critical” pairs of
acigs?. Avalyels of these criticel pelrs is therefore generelly
accomplished by two chromatograms; ong of the mixed acids alone and
one efter chemleal modification. The podnt is $1lustrsted by Lough
and Gerton " who studied the plesua 1ipids of the lsctating cow by
enalysis of the mixed acida before and after hydrogenation and Ly
Crosbie ot al®d who studled mixtures of fatty eclds by chrometogrems
before and after alialine permanganate oxidation. The present work s
Seseritis n mithol for the unalysis of sesd Bila with. chramstogris
of the mixed noids alore, after hyirogenation and after oonolyais.

Reversed phese chronetogrephy hae been used to separate di—
and tetrahydroxy acids by Sevary and Desmelle’ using castor oil as
stetionory phase; Desnuslle end Durnet “0**% oytended the method
usirg a powdered rubber support, to & whole range of hydroxy ecids
and Matio™ used the technique to enalyse the hydroxy scids of plamt
cuticles.

Partition chrosetogrephy ls therefore seen to have extersive
epplications to the aralysis of fatty ecids erd slthough 1t is not s

sisple a technigue to operate as gas/liquid chirocetography it does
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have some advanteges. The enelysis is effected under very mild
conditions on quantities of material sufficient for further
irvestipation, it requires no eloborante eguipment and it is move
easily adoptable to the conjugated ard less volatile oxygenated

aotﬁlm.

(0) Gas/1dquia Chwemstogrephy.

Methods of partition chrematogrephy hove probably resched
thedr ultinate form in the technique kmown es gos/liquid chronatography.
In this system the fatty acid esters are partitioned between a non-
volatile liquid held stationary on an inert support and a gas, vhich
ects as the mobile phase. The method constitutes e ropld and
acourats Porm of mloro-analysis with the edvantege over 1iquid/liquid
pertition that meny highly sensitive methods ave sveileble for
detecting solutes oluted in the gno phase. Some of the more importent
detection systems are thermel conductivity®®, thermistor® , ges density
balanoe®®, flame temporature®®, flaze lonisetion™ end (1-rey
fonisation dstectors >, A miqo version of the latter detector hes
been constructed by Lovelook 3, widch is reported to be able o
sonse 20”2 mole. A comperison of the perfommance of verious
detoctors hes been made by MoVilliem hnd Jemieson T,

ﬁnmmofadomtwtoeluudmteﬂal is gonerally
plotted egeinst tine by mesns of o potenticmetric reconmder end each
eluted component gives rise to a Ceussien cwrve. Qualitative
identification of thecomponents can be mede from thelr retention times
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relative to a standord cogpound. The yetention tive 1o defined as the
tive between the emergence of the air peak or coyrier ges front and
the pesic of the relevant couporent, ard a method of caloulating these
hes been riven by Reterson erd iirsch®>. Retentlon volune data for
cnmberutﬁttym&dembﬂhpelumﬁmvpohreﬁﬁmﬂmma
MMgimwamw,}Watal{ﬂmﬁWﬂalw. A
plot of log,, (Felative retention voluse) ve. corton muber of the eoid
is linear for a homologous series and $this relationship can be used
to 1dentify the conmponents of o mixture by their carbon yaxbers .
Quantitative estimation of the esters present in o sdxture is wede by
messuring the area under each peal: either with a plenimeter or by
caleulatior’, It is thus desirsble to use a detector whose signal
output Leers a defirate relationship to some molecular paranctor of
the eiuted copounds.

The theoretical treotwent of chyomatosrephy by lartin and Synge>
and Glueckeuf™ has beon extended to gas/liquid chromatosrephy by
van Deenter b; end various workers 02°°0®% nive related the muder
of theoreticnl plates to the perforunance of a columm. A corprelation
betweer the separating power and efficiency of jes/liguid coluwms
has been made by Purne11%>.

Jemes ard Newtdn®C, hove descrived the application of gan/liquid
chyomatosraphy to the seperation of fetty scids €rou formic to steario,
180 and ante-is0 aclds fraa their strnight-chalr dsovers, and
unsaturated scids from saturated scids of the sane chein length.
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The separation of short chaln esters was carvied out using stationary
phoses of 11quid paraffin, bensyl &lphenyl or dloctylphthalate et
m%muemmwummmnwmmw
at 197°C. All analyses were made on 4 feet columns of 4 m.n. intermal
dlemeter. Siliconised vacuum prease wns introduced as o stetionary
Thase by Croppes and feywsod®! and bas besm used by Nolrnes™® to
identify the short chein socids presert in mutton fat., Jeves ard
ebb"" have separated mono and di-carboxylic ecids end heve used the
technique to identify the degredation products of permangenate
oxidation of some naturelly occcurring mono end dl-unsaturated ocids,
lipsky and Landowns together with Orr end Callen * introduced
themore polar stationary pheses of polydlethylens glycol sdipote
end polypropylene glyeol adipate. These polyester phases exert
specific intermoleculer attractions for the unsaturated noilds,
ocsusing them to be specifically retarded duringohrometography. The
magritude of the effect increeses with the muber of dousle bonds
presest in the molecule’ 2, Idpuly et al’® have studied the effect
of varying the stationary phese on the resolution of the seturated
end unsaturated aclids. The sebaoate end aselete polyesters of
diethyleneglycol were studied but Lest results were o be had by using
the polyester of diethylere glycol ond succindc eeid. Such & column
woriin;, et 300°C seporated mixtures of saturanted i unsatureiod
esters fron C,, %0 Cgg in 30 minutes.

mem&mamﬂmm&hmmmor
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unsoturation end chedn length of a fatty acid by e conparison of

relative retention voluses on a polar (polyester) and a ron-polar
(Apleson grense) phese. The use of two phases in the guantitative
analysis of escids firon vegeteble olls has also been reported by

Cradg and urty ©*'°.  Analysis of seed olls hes been reported by
flopidns and Chiasheln 077, of epoxy solds by Moryda’ end of the

fatty acids from Tubooole baoillus by Ceson snd Tave °» A cosperison
of the gno/liguid chromatogrephic method with enalysis by ultre~violet
spectrophotonetry has been made by Herb et al ° end by Schlenk et a0,

A vayiation in technique imown as progrommed heating wos
intyoduced by Desty T, In this modification the terperature of the
coluwm is reised in & livesr fashion during the course of the
ohyosstogram. This lecds to & move equal speoing of the oluted
camponents over o wide ronge of cerbon mubers rather than the
logerithnic scale of ismothermal operation, Downdng et a1’ have used
prograneed heonted columns to separate the conplex mixtures of eacids,
a8 thelr hydrocerbon derivatives, obtelned fron wool wex and CAAAings
has given a theoretiocal analyais of retention times anl retention
temporatures in programaed gas ohromatorephy.

A new conoept of gas chromatogrephy was proposed by Colay” who
prepared colums by coeting the inrer ourface of naxrow bore
copillary tubing with » thin layer of Stetionery phese. Iliylon
ocapllliary colums have been used by Scott™’. Such colums, giving

e theoretical plate efficienty of 1000 plates per foot have Leen
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constructed in 200 ft. lengths. Anammﬁmartu(l-m
argon detector ies used with these oolums and the ssmpleload is
approxizately one rdcrograme. Iipsiy ot a1 C'7 have used these
high efficienay columns for the analyels of complex mixtures of
fatty acids and to separate the clg and trans lsomers of oleic
scid. i

The rapid developement in the techmology of gas/liguld
chrematogrephy has thus provided the cherdst with en exceptionally
effective method of separating micro-quantities of orgenic compounds.
Applications of this technicue $o 1ipld chemistry, end especiolly
to the more camplex bilochemicsl problems, will undoubledly see s
great exparsion in the futuve.
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RVERSED PUASE  CHROVATOCRARY.

(1) Zntxoduction. |

Fartition chromatography separates mixtures by distributing the
camponents betwoen two imiscibie solvents ecconding to their several
partition cosfflcients, It therefore differs only fron counter-
curwent distribution in that there is e contimuous flow of mobile over
stationary phose as oprosed to the discrete muber of transfers mode
in the latter method. A brief review of the scope of reversed
phase chromatogrephy hes elready Leen glven om p9.

For the satisfoctory analyeis of fatty nclds by pertition
chromatography atationary end mobile phases sre chosen such that the
acids %o bo separated are more noluble in the fommer; they are then
slowly eluted by a greater volume of =moblle phase. In the cnse of
the longer chain fatty scids or non-polar stetionsvy phase fulfils
this condition and n solvent of deeressing polarity is used to remove
inoreasingly non-poler material from the colum. loward end Mertin®
were the first to demonmstrate the usefulness of this veriation of
Mmmmwmnmmenmcﬁmm They
termed the method reversed phase chiromatography. The stationary
phese used wes 1liquid peraffin suported on Fleselguhr mede non-
wotting by treetment with dichloro-dimethyl-cilane and the mobille
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vhase consisted of & range of agueous scetones of lroreasing ecetone
content.

The method has been extended by saveral workers® . %o seperate
solds yenging firom Gy %o Oy, using aquocus scetones from 40 - 907,
A @ouble bond has the some effect on the colum behewiour of an coid
as a reduction in chain length of two esrbon atoms. consequently
oledc and pal mitic scids are eluted together ns ave linoleic,
hexadecencic and rmyristic aclds.

It 15 shown in the present work that the best separations arve
abtai:adﬂnnmhmofwi&ahelutcddthmmmm
of optime concentration. An acotone concentration higher or lower then
the optimm leasds to on incosplete seperetion of the noxt higher or
lower ocid group respectively: A method has been dsveloped for
deteruining this optimm solvent from a knowledge of the partition
cosfficient of the neid between the two imiscible phases. The some
method hes also boen used to drvestigate the poasiblo separations of
oxyzenated ecids by using stationary phases other than liquid
s 9w, _ _

Finally a methematical descoription of the exparizental syotem ia
given, which shows results in sccord with those diisined experimentally,
(2) Bperimentel lethods.

(1) Materials

(a) Non-wetting Xieselguhw
Hyflo Supercel is subndtted to a;rocess of




e
flotetion in water to remove the firer perticles. About 750 g. of
kieselguhyr ore thoroughly mixed with 5 litres of water and allowed to
stand for 1 hr,, the susponded fines are then decanted. The process
is ropeated twice end the residual klsselguhy is collected on a
Bichner funrel and dried at 110°C. When the meteriel is cold it is
exposed to the vepour of dichloro-dimethyl-silene for 24 hys. by
placing it 4in treys et a depth of 23 on., inside a partially evaocuated
dessicator. During this process the kileselmuhy is atirved periodically.
The siliconised materisl is woshed free of ecid (to litms) with
methanol, collected on a Buchner funnel end drded at 110°C. The
resultent product should be ¢ ripletely ron-wetting o woter.
(b) Stetionsry Fheses.
(1) Idquid Feraffin
Colourless medlcinal 1iquid peraffin is dissolved
in redistilled petroleun ether (b,p.40-00%) and is percolated through

an alunina coluan. (Spence Grade / ") Vacuun eveporation of the
solvent gives the required neutyel peraffin.

tedicinal ecnstor oll is purified according to the
method of Achisys end Saletore ., Cestor oll (500 g.) is shaken with
petroleun ether. (b.p.40-60%, 5 x 2,5 1litres). The petrol extracts
are rejeocted leaving the purified oil {350 z.) affter removel of the
solvent. The material is ngutralised by passing through an elumina
column in the ssme marnmer as for the liguid pareffin.



=82~

(111) Acetylated Castor 011,

Parified castor oil (100 g.) is refluxed for three
hours with acetic sohydride (500 ce.). Vater (500 ce.) is then edded
cantiously and the mixture refluxed for e fwrther hour. ﬁnprodmt-
is extrected with ether and washed eeid free with sadium bicerborate
solution before drying over anhydrous sodiun sulphate. Lost traces
of acid are removed by pessing the ether solution through an alumina
coluan and evaporetion of the ether gives neutral sceiylated castor
0il (208 g.)

' (o) licbile Thase.

The mobile phase used for all the chroustograns consists
of a range of aquoous acetonos. These solutiona ere prepered by
diluting 4 ml. of acetone to 100 ml, with boiled-out distilled weter,
end ave designated AC acetors. 211 the solvents, which should be
freshly made for each clrvemtogran, are squilibrated with a little
stetionsry phass and bromothymol blue indlcator sddsd o give &
concentration of 0,004% (w/v). lobile phases to be used with liguid
peraffin chrometogrons ere stored at 55°C. in a thermostated cupboexd, -
mﬂﬂmﬁrmdwoﬂmammmmamatm%.

(d) Indicator Solutions,

The indicator solution used throughout thmw
is bromothymol blue which chenges fyrom yellow to blue over a pil range
6.0-7,8. It gives e aatisfactory colour charge when used in a
concertration of 0,0017 (w/v). Two solutions ere wade:=

(1) Strong solution. The solid indlcator (0.6 g.) is titurated
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with 0.2 ¥ alkaldi (4 oe.) and made up to 100 cos with 707 scetone.
1.0 ce. of this solution, which ghould be daxrk green in oolour, pdded
to 500 co. of aqueocus scclone produces the required iLndicator strength.
(11) Weak Solution. 4.0 co. of the strong solution is diluted
to 100 cc, with dlstilled water. The yesulting solution is such that
0.1 ce. added to 2 oc. of liquid in the titration cell (see p 26 )
produces the correct indicator strength.
(¢) Golum Ipciing Jaterial,
‘The mill used for packing the columa is meds up in
batchen; the ratio of siliconised kieselgubr to stationary phase
being -

. s 1,4 e I8, Icleselpube .
we. Wt. cestor oll or ecetylated castor oil

Accordingly eiliconised kieselguhr (100 g.) end liquid peraffin
(aim.&mwno?ﬁa)mtogam&mlvetIMGﬂu (500 ee.)
The asolvent is then slowly evaporated to give & coarse homogenoous
powder. A rotary film evaporator is idsel for this purpose. The
mll is dried at 60°C. for 2 hrs. under vaowmm. The other mulls eve
prepared in like menner using kieselguhr (100 g.) and castor oil
(20 oe., density = 0.96) or scetylsted cestor oil (70 co.,density =
0.97) .

(13) Apperatus.
A photogreph of the apparatus is showm opposite. The

meter stick is insertoed for seeles only and the illuminated screen
behind the titration cell has been blacted out for photographio



PUTDOBaT.
(a) The Column, ’ :
‘Ihmhmuuafmullﬁnchmwmmw&n
gloss tube 1.8 cu. internal diemoter and 45 am. long, with o 1 19
Sockw® &S he “Sop d & Sep Wit oSGV Wil ol the: Loni SN T
lwwmﬁmwlmmmmw;dmtmohazﬂ:m
this portion of the ¢ lum > Le heated during chrematogresiys
(b) Colwmn Heating Unit. U
MWﬁmnMMMW
operated at 56%C, socoriing to the method of iowesd and Mertin®,
thereby incressine the solubllity of the longer chain selds in the
ltaﬂmp&an. |

During storage the eolumn is kept elong with the developing
solverts, in a cupboard which is thermostated at 35°C. ard heeted
with o 290 w. heating lemp.

During operction the colum is heated by surwounding it with the
vapour of 3-chloropropens. (b.p. 54.6%C.) A 500 ml. flasic, heated
by en iscmentle end controlled from o simmevstat unit, contains the
boiling chloropropens; thevapour in led by mesrs of glese end F.V.C.
tubing (with es little of the latter as possible) to the lower end
of the column jeciet. Eventually vepour issues fron the top exit
of the jecket where it is pessed to a triplo surface woter condenser
and the liquid chloropsopans is returncd to the boller by means of a side
amn with a U-bend. | 2}
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The castor oil and scetylated castor oil peciked colums are
opeumum’chymwnmwmmmmm.
(¢) Solvent Reservolw.

A B19, 250 ml. sepereting fummel placed at the head of
the column 1is used as a solvent reservaolr. It is sowetines
edventageous to be able to apply pressure to the hesd of the solvent
reservoir, particularly if the column elution rate is very slow.
Cerbor dloxide free air, obteined by pessin: sir from rubber hand-
bellows through a Carbosorb tower snd thence to the heed of the
reservoir, is satisfactory.

(@) The Siphon.

A siphon to deliver 2 ml., portions of sluate is
constructed as shown in fig. 1. The eluate enters the aiphon at A
end nitrogen entering at D protects it firom eny atswspheric carbon
dloxide. The voluse delivered can be adjusted by radsing or
lovering the thermometer; for the present work it wes get so that the
siphon delivered 2.0 ml. portiens of 60 asgueocus acstone. Caldibration
revealed that the volune delivered by the siphon vavied with the content
of avetone in the mobile phase. Over the rarge 407 to 807 aqueous
scetone, the voluse dolivered wou found to be 2.0 ml. (% 0,05 ml).

To prevent precipitetion ::fﬂntd@urm&dn(>cw)ﬂ_nnﬂn
eluste ot 35°% enters the cold sizhon, 1t is hested to 35°C by winding
with nichrome tape which is conmected with a series resistance to o

8 volt transformer, to zive a 2 wntt heater.






(o) The Titration Cell.

The titration of eluate is carried ocut in a cell with
ndtrogen oiroulation as described by Howard end Msrtint. The original
epparatus of Howsrd and ¥artin wes modified for the present work and is
shown in fiz. 2 and the photograph opposite.

The cell is constructed from 0,5 cm.outeide diameter tubing end
the light path AB, down wiich the colour change during titration is
observed, then meesures 6.5 om. for a total volume of @ ml. A
capilliery tube sdmits nitrogen to cireulate the liquid during
titration and is used to drain the cell when the tap is opened. It
is essential for the correct functioning of the spparatus thet the
1ine of this capiliiary tube is such that nitrogen bubbles from D to
C rather than firom D to A,

The cell is 1it with a beckground of white light by placing e
60 w. laup behind &2 5 x 3§ in. white perspex screen as shown at IZ.
The mitrogen is saturated with acetone vepour at 35 C. to counternot
evaporation from the cell during titration, Ly pessing through & 5 cm.
mercury blow-off valve, e 40 aqueous potassium hydroxide solution
and finally through e sintered glass wash bottle conteirdng neutral
scetone meinteined at 35% by a 3 watt immersion heater yun from o
6 volt transformer.

(f) Yegums Drain end Fraction Reclever.

A% the end of a titmtion the liquid is draired fyon
the cell through a cepilliary tube by mesna of the apraratus sghowm in
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FIG 2. THE TITRATION CELL.
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fig. 5. Veouum is connected at A and cun be applied to the cell by
suitebly setting the two-way top. The titrated eluste is then run
into 25 ml. or 10 ml. polythere capped atorage bottles by turing the
two-way tep to stmosphere and opening tap B.

(g) The 'dorchurette.

The eluate from the column is titrated with 107,
methenolie potassiunm hydroxide using an "Agle” micremetor syringe,
which ensbles titwations to be done with spoed end sccuracy to
25,0005 ml. The syringe is mounted horisontally end the elkeld
delivered to the cell by meens of a o, 14 Iuer fitting hypodermic
needle bent through o right engle, the tip of the needle dlipping below
the surface of the 1liquid in the oell. The elkali is protected at
21l points from atmospheric corbon dlomide snd is stoved in e bottle
fitted with & sxell corbosord gusrd tube. Alkeli is teken from this
bottle by puncturing a self-sesling serum cap with the noedle of tha
syringe. The microburette wes celibrated before use for uniformity
of berrel and oversll delivery. The calibwetion fector was found to
be 1,004 for delivery fyom any part of the barrvel.

(h) An locurate 2 ml, Plpetie.

An eocurate 2 ml pipette wss constructed by Jolning
20 cm. of pyrex capiliiary tubing to 8 cn. of 2.3 cm. intermal bove
tubing es showm in Pifis <. The pipette wus colibrated by the
following method:- A longth of white paper (10 ea.) is offized to
tho caplllisry tubing to cover half its circumforence and two suall
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bends (sbout 1 ma.broed) are then cut ewey perpendicular to the length
of the cepilliary tube sni 5 om, spert. The pipette is filled with
water and the moniscus in the capillisxy tube 12 clearly visible
ageinst the white ground. The rendsous is then allowed tofell
until it Just "fits finto" the upper cut in the peper, ond the pipette
is emptied into & welghing bottle. 4 ten-second drainige time is
ellowed and the tip is blown out. The procedure is yepeated five
tines end a similer set of five welghines ave token from the loweyr
eut in the paper.

The voluns of the tublng attarhed to the cepilliary is now
adjusted wtil the volume delivered from the top marit 1s grester than
2m1.ammvomaauwmnaa1mmmzmmam.
The Aiference between those two volunes is the viwe of the 5 om, of
capilliary tube botween the two marks and it is posaible to work out
by simple proportion, sssuming undiforma bore tubing, where to maxrk the
pipette to deliver exanctly 2.000 ml. A ocut in the paper is made at
this point snd the pipette is calibrated by weighing st least ten
volunes of water delivered from this maxk., The mean volume of water
deliversd and the standard deviation of the pirette con then be
calculated.

A11 the peper except sbout 2 cm. on clther slde of the finel
ocelibration mark 48 then removed and the remsining paper is coated
vith a solution of perspex in chloyoforma.

The pipette constructed for the present wori: delivered 3,005 ml.
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with o stendard deviation of 2 0.001 ml. The design of the pipette
makes it ideal for repid routine measurements without loosing the
accurscy quoted sbove.

(S)Mﬂm-
(a) Column Pocking.
Special precautions are required to obtain air-free coluans,
otherwise the pocicing breckes up during chvomato rophy lecding
eventually to chammeling.
Poraffin/Kleselouhy mull (26 g,) is placed in o gloss mortar end
ground to & fine sluryy with 708 equecus ecetone (50 ml.) previously
equilibrated with o 1little of the stationary phese. The slurry is
trensferred to r condecal flask and bolled gently on a water bath for

-

e short tive to expel all the eciyr., learmhile the colum is filled
with 70% ecetone and o plug of cotton wool is placed at the bottom.
The bolled-out slurry is then fed on to the top of the column which
is set to flow, Dy suitably adjuating the rate ot which the slurry
is poured into the colum ond the exit flow rate, a sulteble packing
ean be obtained, After some settling has taken plece the peciing
is compressed with nitrogen at an excess pressure of 5 am. mercury,
the colum being tapped to ensure homogerndety of packing. A neatly
fitting filter peper dlsc (1.5 om diemeter) is placed on top of the
pecking by meens of a perfornted stainless steel plunger. The
column is wrapped in asbestos yope and stored at 55°C. The lencth
of pecking should be 35 cm.
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Castor oll anll scetylated castor oil colunus are prepared in the
soeme manney, exoept that 607 costons is used and the colunns ere
stored at 20°C. Each type of column cen genorally be used for five
chyronatogrens, affter which thwe 1t is rejected.

() Column Loading.

%he mizture of acids to be separnted io weighed sccurately axd
dissolved in 10 ml. of ether in e short tube (5 om.x 5.4 om) with &
B 54 neok. It is inadviseble to use sodiun dried ether due to its
alkali content. Fareffin iopregrated lkieselguhr ( the mase material
that 4s used to pack the colum) is added at the rate of 0.05 g. per
mg. of acid mixture and the ether is evaporated with continuel swirling,
The resulting mull is dried for 1 hr. at 60°C under veeuun.

During preperation of the mull about 10 ml. of 357 acetone eve
run out on to the columm. The -mll is slurried with 10 ml. of 55/
scetone, ©o:taining no indicetor solution, willst wamming to 85°C
on a wator bath and the slurry is transferved guantitatively to the
colum by pourding the bulk of 1t from the tube on to the top of the column
pociing, The mull s$ill edhering to the tube is washed into the colum’
by means of a fine sproy of 557 acetone from an atormiser. The whole
of the mull is coupressed into a band by gently lowering e close
fitting filter peper disc by meens of the perforated plunger.

A losded column mey be stored at 55°C until 4t is veguired for
development.
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(e} Column Development,

The apparatus is assembled as shomm in the photograph
opposite p 23 and the column is heated to 55°C by pessing chlovo-
propens vapour through the heating jocket.  After temperature
equilibrium hno been atteined the excess 557 lueding solvent is
romoved by mesns of a dropping tube end the solvent reservolr
containing moblle phase is fitted to the head of the colum. libile
phase 15 then »un in to give a 5 om. depth above the top of the mull
inside the heating jaciet, thereby ensuring that the mobile phase is
in tesperature equilibrium when 1t comes into contect with the column
of stationary phase.

The nitrogen is twmned on to supply the titration cell and the
siphon; ard the heatoers for the siphon arnd the nitrogen saturation
unit ere started, levelopment is comsenoced Ly opening the taps of
%wmmmm,dmltmmmﬂnoh&. The
omunawnuumwnmmmmmmm
solvent in the reservoir by means of the hend-bellows. 60 ml. per
hour is found to be & sulteble flow rate for most chrumatogrems.
Should i1t bo necessary to halt the development of o chromatogram befove
the completion of the enalysis, the tep at the Lase of the colum is
closed and the clook is stopped. It 1s best to male such broeks in
development in o trough between the elution of any two cosponenta.

The column eluate rasses into the siphon which delivers it in
2 ml. portions into the titration cell.



(@) Titration of Hlustes.

Titration of eluates is carried out in the nitrogen stirved cell
using acoumtely standaxdised 0.01 T methanolic potasaiun hydroxide
dolivered from en "Agla’ mierometer syringe with bromothymol blue es
the indicator. Approximately the firet fifteen 2 ml. fywotions of
eluate from the colum eve the 557 acetone used during the loading
procedure and conseguently contein no indicator. Thus wvhen the siphon
delivere & 2 ml. froction to the cell, 0.1 ml. of the weak indicator
solution (p 23 ) is sdded prior to titration. The approsch of the
" end-point is heralded by a flickering eolour charge and is firelly
tolien as @ persistant green colour. (The eotual shede of green et
the end~-point is achieved only by enalysis of kmovm cospousds. Vhen
Judged correctly 1t is possible to determdne the equivalent welght of
pelmitic aolid to 2 0.5/ or better).

At the end of the titration the rdtrogen flow is stopped, the
cell drained by vecuum and the ndtrogen resterted in preparation for
the next portion of eluate. The amleraseter reeding is noted afftor
each titration, and a plot of aliali per fraction va. frection raumber
gives elution curxves as shovm in fig. 5. After shout fifteen frections
the first developlng solvent will appesr in the titration cell ard frum
thia point cxsmands 1t is unnecessary %o add indleator prior to the
titration. The muber of frectlons between the change to developing
solvent conteining indieator and the appearance of this solvert at the
titration cell is o messure of the column hold-up and should be noted



for each chrometogres.

The titrated eluate is stored at 0°C until it is required.
laterial yecovered firon chrcmetogroms is used to identify further the
components of the soid mdxture.

(e) Alkedi Standsrdisation.

The alkeli used to titrete the eluste is stendardised prior
%o each chrometogrem egainst en aocurately stendardised 2 x 207> N
ecid. Acids of this concentration were found to change nopmelity on
stending end the folliowing procedure was therefore adopted:- 0,25 N
hydsochloric ecid was accurately stendardised ageirst AreleR sodium
carvonste. 2.008 ml. of this sold ave dlluted to 250 mi, ine
standerd flask with bolled-cut distilled water esch tise s standardisation
is mede. The recultant scid 1s 2 x 20™ 1.  2.008 ml. of this
dilubed acld eve ploced in the cell and titrated with the 0.01 N
alkali using 0.1 ml. brosothymol blue indicator solution. The
standardisation procedure was checited at intervels egainst freshly
propered 2 x 10”0 I AnalaR succinic soid.

(£) Mobile Phase Chenges.

A chromatograsm 1o developed by eluting each group of aclds
with an eppropriate solvent (see p 38 ). If & grous of aclds is lmown
o be ebsent it is still edvissblo to pass the solvent for that group,
a blank will be recomded for these “restions but better elution of the
vomeining soids will result.

The charge in developing solvent should ideally tale place in the
tr ugh between two elution maxima, but beonuse of the coluan hold-up
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this charge hes to be anticipeted by some fifteen fractioms, The
following rules con be given for generel guldanoce only since ecch
chromatogran is different. depending on the loal and coamplexity of
the mixture. The solvent change following elution of o large peei
(6 % 10™° Bquivs.) is nade seversl fyections after the maxdmum;
folloving & medium eised curve (1 x 10°° Equive.) the change is mede
two frections efter the elution noxigum end following o suall curve
(0u1 x 107° nguivs.) the change mey be made before the elution
noximmn is reached.

Atﬂnmaoromhchmmmaﬁm@ummw
the column until o satisfeotory blank titration is vecomded. (<0.01
ml. of 1072 I elkeld per fraction). This inddcstes that all the
scidic materisl placed on the colum has been removed.

Castor oll and acetylated costor oil pecied columns are developed
mmmwmpttlmtﬂnmlmm,mmum%. Theee
colums are rot steble to mobile phases greater thon 807 acetone.

() Solvent Blanic Titre,

Solvent blan: titves are deterined by placing 2,00 ml. of
ench solvent in the titration cell and titwating with standerd allall.
Values of 0,008 to 0,01 ml. of 102 I alitald per frection ave generally
recorded.

(h) Zhe Bquivelent Veight of the Acid 'ixture.

The cquivelent wolght of the mized eolds being enalysed is
required in order to compute the overall mcovery of the material
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pluced on the colum. It is neasured by malking up a sultable velght
of the mixed aclds to 100 ml. with 20/ ecetone in a sterdard flask,
The normelity of the scid is Pound by titration with 1072 ¥ alkall
end the equivalent weisht caloulated. |
(1) The Composition of the Acid Mizture.

The alkeli titration for esch smmple delivered by the siphon -
is plotted sgalnst the saiple muber as showm in fig. 5, and the Llank
titrotions for the acld content of the mobile phoses are inserted as

shown. The alkell used during the elution of an ncid group is then
fmnﬁbynﬂd!ngwmﬁmﬂmmmwthnpnﬂmmmmo
end mubtracting the sppropriaste muber of blenk titves. £ calculating
mechine fascilitates this work. The not elkeli rultiplied by ite
nornelity and any correction feactors for burettes etc. gives the mwiber
of equivalents eluted under each curve. The nmber of equivalents
dmewmtiwmlmmMmdmwﬁm
cen therefore be coloulated, This wee wery should be 97-1007, if it
fells below 98/ then the chyometogrem is considered unsstisfactory.
(a) Method,

Conslder the reversed phase chromatogrephic seperation of
palmitio and stearic scids, Using e mobile phese of low acetore
-mnmmﬁmbnﬁ;mml'boelutwdvm slowly and although
seporecle, the system will be Incomwenient. A$ higher acetone
concentrations both selds will e eluted very gquickly and sepevetion
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would then be imprecticsble. DSetween these two values, however, there
is & renge of scetone conventrations for which the pailmitic ecid is
ecluted at & comwendent rate whilst the stearic acid is seperated only
after prolonged pereolation. The solveni cholos for the separation
will lie within this range. A ¢hrumatogrem of palmitic and stearic
eeids seperated with the optimum solvent for peluliic seid only is s own
in fig. 10, mmmmuuummm.mamuaunm
mmmtmmmuemmmmm
the cuzrve shepe is poow. It thus becumes apparent that there must
be an optimea solvent for eeoh acid group and Ly suitebly changing the
conoontration of the moblile phase throughout tho chromatogrem & nixture
may be sepavated ea showm in fig. 5, In the two chromatogrems
illustyated in figs. & and 10, the comcentretion of ccetone in the
moblle phase for the elution of the palmitic scid is identicnl; but
in the forwmor analysis the consentretion of ecetove in the woblle phase
is roised after the elution of the palmitic sold with the result that
the stearic ecld which follows, is eluted at the same speed.

There is howover only general agresment among other irwvestigators
sbout which is the optiman eluting sclvent £ each scld grouwp (Teble 1).
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SAE T
Moblle Fhase Concentrations used by Previous Vorkers (7 Acetone)
s 51 REPERENCES
GROUP| 1 2 8 4 5 6 7 8 )
c8 - - 85 - 80 40 -
s ®
c10 | = - 40/45 - 58 B -
42
i3] w
c13 | 85 .. -~ 80/38 - 6% § < -
c14 | 68/60 - 88/60 - 70 a2 g 50
Lo
C16 |65/68 65 70 €5 - 70/75 g’g % 2l
[ ®]
c18| 70 7 75 70 70 75 S £ §+§ !
& o
ca0 - - 80 75 70 80 75 i} ‘”‘L"’
ceg, - - 85 = 7% @8 - - €
cm - - w - - - - - - I
|

For the present work sam pure saturated and unsaturated noids
were exaxined experdmentally to detormine thelr optimm eluting solvents.
Each acld wes run singly end the best eluting solvent determined from
the shape of the curve; o needle shaped cwrve indicetes ;| ecetone too
high and & low flat cwrve indicates 7 soetorne too low. Binary emd
ternexy mixtures were then chrcmatogrephed end the 7 ecetone for the
elution of each component adjusted tjzive the best resolution for each
acid.
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(b) Besults. |
The results of these experiments are shown in Teble 2, and
a chromatogrem of o test mixture of some saturated acids is showm in

g, 5
ZaELR 2
Ghromatogrens,
I () , !
0ID 12:0 [14:0,16:1, 18:2 | 16:0, 18:1 | 18:0 | 20:0
% ADETONS 56 62 67 75 | 78

(.).ﬁnmmmmwmummummar
cerbon otons and the muber of dmible bonds per molecule, necording to
the method of Dole and Ahwors .

Analyticel results fyon the ehromptogram shows in fig. § end o
chrosatogren of some wisaturated seids are shown in Teble 3.

ZABLE 3
s R —— - .

NI [ 130 140 10:0 18:0 20:0 22:0 | 12:0 18:0 18:1 18:3
| Cele.ft | 15,3 17.3 20.6 21.8 25.3 0% | 10.6 4.5 0.0 56.3
®Ms. % | 4.0 16,8 20.6 21.8 2.3 4.6 | 10.4 W4 2.5 86,7

I

(s) The arachidic sold wne keown to be impure ard cpparently containg
behende acld.
The rosults shown in fig. 5 and teble S indicate that the correct
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MNWmmthﬁvﬂymhohm
empiricelly, but this detersination is both time consuming ond
wasteful on materiels. Fart of the purpose of the present work is to
extend the yeversed phose chromatographio technique to the seperation
of oxygenated acids by using other statlonary pheves, thus a repld
nethod of determining optimm mobile phase concentrations is required.
It ves decided to correlate the colum behaviour of an ecid to its
pertition cvefficlent between the mobile and stationary phases used
for its chrometographie separation. Tartition coeficient data
for a set of acids between a stationar and verious mobile phases
eould then be used to design an appromriaste chyumotogrephic system
anil to predict the posaible seperetions cbteinsble by the system
chosen. A similer type of approach to the design of chyomatogrephic
systems has been described by Peterson and Jolmsonis for the short
mm(cimcm)masnmmmduaam
phose.
(8) Detorminadion of Pertitlon Coefficients,
(a) Mothod. _

In seeking to relate the partition coefficlents (K) of fatty
aclds %o thelr chramatogrephic behaviour velues of K must be mneasured
under conditions which resesble those operating during colunn elttion

and eys also practicnlly corwveniont. For o liquid pereffin/equecus

mmmmﬁﬂznml\mhom-wwwnl'““ . O W

to stationoxy phese is 8.5:1. This ratio wes increassed to 10:1 in
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the method for messuring X for precticsl rea:ons; ithe change has
little effect on the vesults. (Table 4). The addition of kieselguhy,
on the other hand, mekes a morked differernce in the measured values
of K end has the effect of inoressing the portion of seid in the
stationary phase, presusebly due to sbsorbtive forces.

201D FHASE RATIO KIBSBIGUHR ACETONE.
MOBILE :STATTONARY - : ca
10:1 Fresent 0.0 0.8 9
Falmitic  2.5:1 Fresert - O.a0 =
8.5:1 fboent | 0.87 1.08 -
et e e o e :b'z'i'__"__ m‘t w o.w o.m
Stearic 2.5:1 Iresent - 0.00 -
2.5:1 /bsert i T .

. ortclont o CONOSNtration of scid in lobile Fhese
(e) ' * Concentration of seid in Statlonoyy Fhase.

The following method was used to measure the partition coefficlenta:-
The acid (ea. 2 mg.. cocurately weighed) urder lLuwvestigation is
dissolved in the stationary phase (ga 0.5 ml., scourately weighed) by
warming together in a centrifuge tube to 100°C or if tids fails, by
adMtion of o mitual solvent (ether alechol or acetons) which is
subsequently completely venoved under reduced pressure leaving a
super-soturated solution. Sillconised Hyflo Super-cel (1.5 to 1.4
times the weight of stationary phase) is added to ebsorb the statiorary
phase and to facilitate seperation of the two liquld phases elong with
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the chosen eoetone (5.00 ml,) The tube 48 corked end after
equilibyiun ot the desired temperature (55°C with pereffin, 20°C with
castor oil and acetylated castor oil) is centrifuged. Two 2.00 mi.
portions eve removed with n pipette and titrated againgt 0.01 1
methanolie potasaium hydroxide (A ml) using the nitwogen stirred cell
and micrometer syringe buvette. To the yemadning mixture of acid,
stationary phese, inert support and aquecus pesvone (1 ml,), 957
aquecus ecetone (5.00 ml.) is added and after oquilibrium two further
2 ml. portions eve removed ord titrated, (P ml.)

The partition ovefficient waich is the concentration of soid in
the mobile phase divided by the concentretion of ecid in the stationary
phese is glven by the followl g expression, in which V is the volume
of stationary phase. (The density of the stationary phooe is also
determined).

Ee AV
G-

In this ealoulation it is acsumed that the 957 acetons, even
though diluted by 1 ml, of & more agueous acetone, vemwes all the
ecid from the statlonary phese. Thore is good evidence that the
pertition coefficient undor these conditions ie vory lerpe and as o
further check, te vecovery of the mcid is caloulated. This should
be 1005 57 for the value of K to be sipificont,

% Recovery = 200 ¥E (24 + 8P) / ¥
vhere I 4s the rommality of the alkali and ¥ and E ere the weight end
equivelent of the oeid used.



(b) Besults,

Values of K for s muber of saturated and unseturated eocids
and for various oxygeneted scids heve been messured using several
agueous acetores es one ligquid phase end liquid peraffin, castor oil
or scotylated castor oll as the other liquid phase. Table 5 shows
a specimon calculation for six results, which are given in their
entirvety in Tebles 6 - 8, The pertition cocefflciont values may be
shown elther by plotting log 100 K agednst the percentase acetone
in the agueous scetone, ( one line for each ecid, Pigs. G - 8 ) or
by plotting log 3/K egainst the chain length of the acid. (One line
for ecach oguecus acetons, Mg. 6 a.) Doth plots ave linesr snd a
thooretical recson for this is given later on p. 57. The lines for
non-sepereble groups of saturated and unsaturated ceids lie very
close together and some of these have been omltted for the soke of

clarity.
TS S

Seleuletion of X for Stearic Acld (Peveffin / Aq. Acetome). X

Vt.ledd Vol.Fer. Solvent Titration HRlank A P Jhec. K

1.65 mg  0,4505 67  0.0844 0,056 0.0580 98 0.0751
08 0.0784 0,070 0.0724

2.27 0.4974 7 0,0076 0,088 0,0018 92 0,104
05 0,000 0,070 0.0870

1.98 0.4797 78 0.14120 0,070 0.1080 88 0.198
o8 0.0800 0,070 0.0610

2.12 0,47351 75 0,450 0,070 0,1260 06 0,249
05 0,0888 0,070 0.0618 |

2,79 0,6110 78 0.1828 0,070 0.1756 98 0.381
95 0.0858 0,070 0,076

2.07 0.5088 88 0,1600  0.000 0.,1600 102 0,921
95 0,048 0,070 0.0414
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TABLE G

e

K Values for Paraffin / Ag. fcetone. (Fig. 6).

AQUEQUS  ACEIOE (23]

42 48 52 658 0P 02 65 @ 20 7 76 70 83

%mabbtﬂwﬂﬁbﬁg

.05 .08 .15 .28 .68 1.5
.00 .28
05 .08 .1 .18 .25 .54 .89
.08 .19 54
.03 08 .18 17 87 .85 01
08 A1 .17 .26 .38 89 2,19

07 00 18 .25 .48 .98
.07 .40 .29 .25 .38 .02
08 .00 15 .29
.08 .18 .52 o1
08 .08 328 .26




=

| ACID,

. threo-9 :10 :12-Trihydrozystenrio

‘ $hrec-0 110-Hreo-13 :15-Tetrehydroxystearic?
' 13-Acetoxystearic

! thweo -0 :10-Decetoxystearic
erytivo-0:10-Diecotaxystoaric
'; 9:20-Epoxystearic

1. m.p. 106-208°
8. m.p. 104-1408°
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FIG 6. Partition Coeftticient for Paraffin/ Aq.Acetone
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2pE 6%
K Values for Paraffin / iq. Acetone (Pig. 6)

_ AQUEDUS /CRIONE (%)

AID 36 S50 35 43 48 52 56 03

H 002 08 11 A4 .23

H 08 .11 .22

J .06 .08 .17 .76 1.36

3 .16

7 .04 13 .25

¥ .08 .28

v 05 .09 26 .40

L .02 .04 .06 .14 .2 .38

L 08 .15 .26

) .06 .29 61 1,38

s 20 .60

2 .08 .28 .66

R 4 A3 .51

In Teble 6 a note the sindlarity in the date for palmitic (B) and
oleic (E) ecids; end for myristic (C) pelmitoleic (G) and linslele
(?) acids, This bears out the empivricel observation that one double
bond has an effect on column behaviour equivalent to & shortening of
the chain by two cerbon atms. '
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X Velues . /. 2. joetone (Fig.7).

AQUROUS AcETGIE (D)

I 40 45 50 55 6 65 70 75 80

A .01 .03 .05
A 03 .08
B 2 05 .08
D 085 .10 .45
H 08 .08 .1 .35
i .08 .10

" .08 .05 .08 .16
L 08 .08 iS00
u 07 .34 .19 .59
0 07 18 .90 <50

0 08 .08 .18 .30

P

.m .m .12 .48
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FIG 8. Partition Coefficient for Acetylated Castor O&\nq. Acetone.




-“u
248 8,

ACID 45 S50 55 60 65 70 95 ©
D 08 27 54 1.0. 3.8 1.0
A- 000 .m -53 .m .m
B : .44 .04
" .08 B0 .85 1.4 1.4 1.8
J 08 .57 .60 .88 .08
w ’w ’m 1.1
v A9 .48 .65 .08 1.2
L O .00 .08 211 1.3 1.7
u .60 1.8 1.5
N .49 1.0 1.5
R 0.0 45 .05
s 0,0 0.25 .49 .78 1.0
N 0.0 40 08
a8 9,
K Values ot Optirmum Solvents.
I D G G ? B B & CE
(=) 53° ) 63 62 a7 67
(b) n“ -18 «15 uﬁ «16 .18 -.'Iﬂ
(Q) i .06 .05 04 »10 .08 07

® The velue of 507 found e pirically ond reported in Table 2 wns
changed to 537 on the basls of these results,

{a) The optimun concentration of scetone for the elution of the aold
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concerned fron a pareffin colum.

(b) The pertition coefficient of the acld for this particuler ecetons.
(e) The partition coefficient of the acid for the aquoous acetons
used for the elution of the next lower group of ecids. i.e. 537

for the myristic acdd group, 627 for the pelmitic soid grouwp end

877 for the stearic eeid group.

(6) DEPUCTION OF OPPDMBI MOBILS FHASE FRGHM K DATA,

(a) Discussion,
The optimas eluting solvents for some seturated ond

unsaturated acids heve alvecdy been determined empirically. (Teble 2).
It is now peen that each acid hes ebout the seme pertition coefficient
at the chosen ccotons concentretion. (Teble 0). for the peraffin
aysten, an ecid is satisfactorily eluted when ite pertition coefficiont
is equal to or greator tham 0,16 and will be corweniently separeted
from other oolds having partition coefficlents not greatly ebove
0.08, ‘ﬁnmhovnlmnmvebmwﬁudrwﬂwlnmwm
on Pig. 6. If these two valuocs vere closer together then the
separation of scids heving closer volues of K would be possible,
The avallsble data does not, however, allow them to be put such closer
together with the present experdmental system, without the loss in the
high degree of resolution requived for quentitative enalysis. Some
ivprovenent might follow a change in the dimensions of the colwmn,
A plot of partition coefficient date with the log 0.16 and 0,08
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1ines, inserted es shown in Pig. 8 therefore ensbles poosible
seperations betwsen verious acids to be predicted ond also indicales
the optimmm eluting solvent for emch nold group. Other fzotors mey
however 11mit the practicel value of the system even when the partition
coefficlent data irdicetes the possibility of separetion. lidbile
phane of acetone content so high that it remowes stationsyy phese
firom the colum csxmot bo used; and difficulties also erise when the
solute has & very low solubility in the stationary phase. The latter
leadn to poor recovery of materisl and "telling” of the pesk.

mmgmmmmmrxmmmmv
s paintiin, asstor A1 0t nixtaren of the Seih, ' Heniien
ore unsatisfactory becsuss they ere difficult 6 reproduce end eve
frequently unstable due to the differential removal of one of the two
coporents by the moblle phase.

In en attempt to incresse the uwsefulness of revermed phase
chyomatogruply some potenticl atetionsry phases heve bee: investignted.
There include ums.-yh&mu. siz polyesters of the Reoplex type end
 acetylated castor oil. 211 exocept the last were considered to be teo
soluble in the higher aquoocus ecetones. Castor oil may be used with
aguoous ecetore up to 807 and sostyloted castor oll up to 834,
{Idquid parsffin hes been used up to 007 evetons.) The pertition
mmmummr&anmwmmmmmmma
mwhﬁamwmmmmm:mvama. s

Since solvents with an acetons concemtration greater than 807
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carmot be used with castor oil, saturated ecide higher than leurio
cannot be coweniently eluted fyrom the colum without renoving 8o
mich stetionary phase that it is wiffit for further use. Acetylated
castor ¢il is thus conmsidered to be a move suitable stationary phese
since aguecus ocotone solutions up to 857 con be used and, at the
samo time, the values of K ero slightly higher than those with castor
oil. Thus 12-hydroxystecric scid is best eluted fiyom cestor oll with
807 aqueous acetore ani from en acetylated castor oll colwmn with
727 aqueous ecetone, thereby ensbling the noid o be satisfectorlly
cluted fyom an ecetylated castor oil colum without causing the
collspse of the panidng.

It is of interest to note that the relative velues of X for o
rvonpe of ecids is not the some for different stationory phoses.
i.e. 9:10-Dihydvoxystearic eacid cen be soparated fyan its dlacetyl
derivative on on apetylated castor ol colum but not on & paraffin
colum. (c.fs also Falmitio and Stearic ecids).

(b) Eredicted Seperstions od Mluting Solvents.

Using partition coef'ficient data in the narmer outlined
above it is possible to construct Teble 10,
mx.mmumummmmmm
ery of the given ascdds and the stationary and moblle phases which will
effect the best separetions, Four gynthetic mixtures were analysed
using chronatogrephle systems designed solely fron pertition coefficlent
data. Tho results wore entirely setisfactory end confiym the
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usefulress of the method for the design of an analytical gyptem
tallor made for o particular combination of cclds.

ZABLE 20,

1

i

|

88 2

3392888888888 8, .
] t
, BBB888SIIssse8R,

8 8,

Hixture 1. Seperation of 13-ilydroxystesric end 9 :10-Dihyirozystesric

Jolds.
Teble 10 indicates that this seperetion may be schieved using o

costor-oil pacied colum and e solvent gystem of 717 and 807 aqueous
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acstone. A mixture was separated with the folluwing results:
18-hydroxystearic 40.07% (88.0%); 9:10-dhydroxysteeric ecid 60.07
(62.07). Figures in paventheses aye the caloulated molar percentages
of the cagponents.

Hixture 3, Seperation of 9:10-Dihydvouysteerio end ©:10 :13-Trihydroxgy-

stecric acids.
Teble 10 indicates that the separation con be echieved using o

castor oil pecked column end o solvent system 587 end 717 equecus
acetono., The separation gave the followlng results: Dihydroxysteario
acid 58.0° (54.0%) and Trihydroxystosrie ocid 47.00 (46.07).

Hotes on Castor 011 Colums,

(a) The costor oll eclumn beoomes unsteble with 007 acetone and
thus although ennlyses such as nixture 1 can be scideved vith this
column, ite use is not recomasended,

(b) Attamts to chromatogreph tetrehydroxystearic acid failed due
to the insolubdlity of the scid in the stationsry phase.
01d and 9 :10-Dihydvoxy-

8teorio ecid.
Teble 10 iniicates that this mixture (same es 1) mey also be
soporated with en acetylated cestor oil colum and 617 end 747 agueous
acetones,. A mixtuwre wes separated with the following results:
Nonohydroxystesric acld 51.97 (50.7)%) ; dlhydroxystearic acid 48,77

(m'm -
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Table 10 indicates that this mixture may Le seperated using an

ecetylated costor oil colum end o developing solvent system of 617
687, 74" and 80 equeous acetoms. A mizture wos sepersted with the
following vesults: Dihydrexysteerie ecid 23,97 (22.6%); IHydroxyolede
scid 21.77 (22.27); Discetoxystearic acid 25.2% (25.17) end
Yonoscetoxystearic acld 30.27 (850.17). The chromatogrem is shown

in Pig. 9.

Zotes on fcetylated Castor Oil Coluws.

{e) The peacking has the sdvantage over castor oil in that 4t
can be used up to80° acetons without sericus lose of stetionexy phase.
The use of paraffin and acetylated castor oll peoiod columns
provides e velusble technique for the emalytical separation of a wide

ronge of saturated, unssturated and oxygenated ccids.

(7) DIORETICAL THERADIIT OF EXERDIITAL SYSTEI,

The generel theory of pertition has been epplied o counter-
current distribution by Creigl® and to chromatogrephy by Martin and
Synge:C, Nayer end Tomidne'’ end Cluekeuf'®, The following trestment
provides a reasonable explanation of the results obtainod in the
present atudy. The syrbols usod are given in Teblo 11. Fyronm the
experimentally determimd position and height of the elunte moximmz
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it hes been possible to derive velues of T and p, to plot a
‘theoretical eluate curve end to determine the pertition coefficient
k', which en acid B must have if it 15 to be separated firom en ecld
A of pertition coeffielent X', .  Though soue of the experimental
results are obiained using only one solvent, rether than the usual
w.ﬁinmﬂmﬁonafﬁnmhﬂummlum
csndlitick s alse oouifvel.
s .
Sysbols used in the Nethereticel Treatnent,
x’mmmmwmmmmwo
conditions.
p The muber of theareticel plates in the colum.
& The muber of an eluate frection, where eech fymotion hes the neme
volune ag that of the mobile phase in a theoretiocnl plate.
E‘mmmwmm‘mmtmmmx. eluntae,
Vn'ﬂhnrolmutmbnophammmdtnﬂnmhm
V The volume of each experimental eluate fractiom.
£. The ruber of the eluate fraction containing moot solute, counted
mmm&mm-ohmmwﬁmmm
B . The fraction of solute in the eluate f.
C The volume of mobile phase in the column, cxpressed as o ramber of

experinental eluate froctionas.

Vo

lo.. c = v

Aégx{ The avea of the nommal curve of eryror for the argusent gx?

(i
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The theoretical appivech described Lelow is Lunsed on the analogy
of o partition chromatogrephic column to a countes-current extrection
process, Accordingly the colum is considered to ocontain a muber of
theoretiosl plates (p) each of which acts es & single tubo in the
counter-current distrivution apparatus. A theoretical plate io
defined as a section of the colummn in whiech the moblle phase leaving
the section has the camposition that would be in equilibrium with the
average concantration of stationary phase solution vdthi the section.

When moblle phase flows through the oolumn the smount of solute
in ery plate cen be derived from the general fommla (1) for
caloulating the fraction (T, ) of salute of partition coefficient K,
in the rth. plate after n tronsfern:

R [..__L._T C |
; Esl

r: (o= !
The fraction in the pth. plate when the solvent fyromt first
reachos this plate, i,e. after p trarafern is given by:

ax i R R . P
BP P et | xd g a1

¥hen a further volune of ndbdle phose equivalent to the saoumt
in one plate flows thyough the colum then o portion K3/ (kbs1)
of the solute in the pth plate will flow -ut and be presont in the
first cluate fraction (5 );; =i
51" tl-o-iﬂil

Anﬂwmlumiahulopeﬂtlﬁafrmﬂm,ﬂ"’/(&ioi),uf

solute in the pth plate efter p + 1, p + 2, p + 5, eto. trasfors
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will appear in the 2nd, 4 . eluate froctions.
eyt (b yps TS

- pe+dl 2 81
..(IL....E)_.:.* : _st____pfbl = * » Eﬂ

" p! 2! (* +2)P*3 9(341)
and in genoral :-

g e fpea)t P . B28 _ 2. .. (a)

a+1 p! a! (E1+”p+a¢1 a(xxol) o
(a) Zhe Fertition Coefficient.

As long a8 the value _p ¢+ & is greater thon ore, the froaction

a(xt 1)
of solute in suocessive eluates increcses and the naxismm velue is

reonched vhen p ¢ & al. i.e. mx‘-p/n. Though both
a(chrl)

p and e exe as yot unimown the retio ofp, the nuiber of eluate fractions
to the meximum divided by the nuber of theoretical plates in tho
column is squivelont to the total volume of eluate required to attain
the maximm expressod in volumws of mobile phase on the column,

W & bt -
e §o (s

It heo been shown by van Duln® that, during pertition
ohromatogrephy of a homologous series, the logerltim of the retention
voluse plotted ageinst the chadn length of the maubers of thot serdes
is o stredcht line.

i. 6o log (retention volume) = log (2fv) = comst. (chain length)



_JAqueous Acetone.
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— Proctical Curve.

o:x Theoretical Points.

015k

010t
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FIG1O. Elution Curve of Palmitic & Stearic Acids.
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i W
From (3) 2 ﬂr-?—!‘ Log Eiﬁu const. (chedn length)

A plot of log /K> agadnst chain length should therefore be lineaw.
Tip. Ga shows such a linear plot for the partition coeff'icients of

tlwhamlogmmuﬂoacmtocmmmmasmbom

liquidparaffin and aqueous acotone.

From eluate curves obtailned with palmitic ard steeric nclds
using only 557 and 07 asetone, palmitic acid has an operating pertition
coefficient of 0.50 and stearic sold of 0.238 (Fig. 10). It 4s
conasidered that the 56 epetone has prectically no effect on the
subsequent behoviour of the aclds. These values are not directly
comparable with recorded earlier Hut hove to be modified because the
volumes of the two liquid phases in the column are not the seme.

(Ref 15 p.200). After makin: ollowance for this ratio of 2,5:1,
partiﬁmooaffioigntaofi).ﬂ)mﬂﬂa@mobtaimﬂ. Those axe to
be compared with experimentally messured values of 0,18 and 0,07
(Teble ©). ibsorbtive forces due to the kieselmihy which have been
nepglected in the theovetical treetment cre in fect included in the
values for partition coefficlents necsured experimentally. (Taeble 4)
(b) The Juber of Pletes.

Bquation (2) gives the fraction of solute in any eluate fraction.
At the maximum o = p / E* end by inserting this value ond using the

approximation p! = @ TprJ 97p the following oguation moy be derived:i-
mmaxl E!‘n'p (20!1):[ ~¥
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This eluate froction, however, hes a voluse eqiel to that of the
mobile phase in one plate whereas the titrated fractions have some
axbitrayy value (V, in this cose v = 2,0 ml). If the equation is
revritten:-

P By = K )37 ey ]
mvam«psmmummmhm
observed maxtmm (F% ) by miltiplying by V /v whenoe i

max = - =(4)

T2y
Using equation (4) it is possible to caleulate the value of
p from the position end height of the meximmn in Pig, 10; values of
70 and 110 eve obtained, and meny other curves give values of around
100, These valuss are particularly sensitive to changes in &
and pince the observed velus is the total eluste in 5-8 plates the

2
p=a7(aet) 2 v = gf (fs0) (B ) 7% .

vaImmplnhmlbnnidﬁlylmﬁmﬂnmelmﬁm'ﬂm
(o) Zheoretical Rluate Curve,

Hy sihetitutitis dovived viloes of X3 and'p 4 egaetion 8, 4% 18
possible to plot a theoretical elution cwave. 7This has been done
for some selected points in Fig. 10. ond the egreesent is considered
to be satisfactory. I
(a) Separation of Two feilg,

The oguation of Gluockeufs mey be used to discuss the sepevation
of two solutesi-
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% Tnpurity = 200| 0.5 - 4 .‘ﬁ;(‘/ﬁ"/—")}
“44‘“3 vhere
n.(;.il)ma n-(x.-%x). This equation reletes the
X B

A
efficiency of seporation to the K- values of the two solutes and to

the mwbey of theoretical plates in the columm, 79 seporate a solute
wx‘-o.sﬂwamammmammmp-mOmﬁnt

the two overlap by less than 0,2, the second solute must have K+
less then 0,35, These K- valuos of 0.50 and <0.25 correspond to
0420 and <0.00 for the experimentally determined volues end are in
agreement with the empiriceslly selected values of 0,16 and <0.08.
Then the column is developed with o single solvent acld of K-
go.smiumﬁmelmumavmoftlmhhmhm
collected, in line with the requivement that 31, & . fv

v
23 -
Undumlnnﬂngo:ﬂﬂ.tﬁmmﬂmuﬁdsMMMnKi

vahu_forﬁumnmlvaﬂtwtom%wmel\mm
after chout 1 V. (Pig, 5 ard 9). This apperent snoewly is related
to the uno of e range of solvents to elute the ooid mimture.

Those preceeding solvents which are not idesl for the elution of e
particuler acid will cause it to move alowly dovnm the colum, so that
wien the corvect solvent is erplied the acid is elveedy port way down
the colum. It is therefore eluted move quickly, gemerelly efter
1.0fmorlens. |



=B0-
RSeS| (PARD 1I)

1. Howard 4 Martin, Blochem. J., 1960, 46 583.

9. Popjal: & Tlets, Dlochem. J., 1954, 58, 46.

3. 941k & Hehn, Blochem, J., 1054, 58, 408.

4. Crosble, Comber & Boatmen, Blochen. J., 1965, 50, 500.

8. Steivberz. Slaton, Howton 4 Meed. J. Biol.Chem., 1056, 220, 257.

6. Zapitel, Pette. Seifen Anstrichmittel, 1956, S8, 01. '

7. insugh & Gerton, Biochem. J., 1087, O7, 548. ‘dochem et Diophys.jote..

. _ 1057, 23, 192.

8. Hiley & wum, Biochem. J., 1960, 74, 56.

9. Dittmor & Hanghen, J. Diol. Chem., 1959, 234, 1970,

10. Achaya & Seletore, J. 3Sci. Ind. Res., (Indde), 1058, 118. 471.

11, Ahwens, Mirsch, Insull, Fetorson, Stoffel, Yerquhar, “dller &
Thomesson, lencet, 19060, 276, 115.

12. Yeterson & Johnson, J. Biol. Chem., 1948, 174, 770.:

13. Severy & Desmuelle, Bull. Soc. chim. Pr., 1055, 989,

14, Matio, Blochen. J., 1056, 68, 188,

15, Craig & Crelg, "Techriques of Orgerde Chemiatry”, Vieissborger,

| _ llew Yoik, 1950 Vol. IIY, p.205.

16, lmrtin & Synge, Blochem. J., 1941, 358, 1308,

17. layer % Temkins, J. Aner. Chem. Soc., 1047, 60, 2068,

18. Glueckeuf, Trens, Parod. Soc., 1058, 51, 54.

19, van Duin, Blochin. Biophym. Aota, 2052, 9, 580.

B ] [



PART III
APILICATION QF REVERSS
(1) Introduction.

The asturnted acids usually ercountered in Triglyceride studies
(cyq to Cy,) ove reedily separated usi g the liquid peraffin/squecus
soetone chronntogrephic system as described in Fert II, The un-
saturated eclids ere eluted along with the satureted eclids in groups,
wd r conditions in which ong double bond is equivelent to e reduction
in chwdn le gth of epproximetely two carbon atoms, Vardous nethods
have been upsed to deternine the smount of ursaturnted scids in any
eluted group.

Boldinght, using a column pecked with porous rubber, chroustogrephed
the mixed acids only after coplete hydroge etion or af'ter removal
of the unsatursted acids by oxidation with alkeline poruengenate.
Crombie eb al® chrosatogrephed the mixed ecids slome end efter oxidation
vith allkaline permorgenate. The data obtained by both of thesc
methods does not ‘dve ¢ cumpletely unacbiguous solution with complex
mixtures and suf ers from the disedvantoze thet the oxidatio. procedure
is kmovm to degrede the soturnted solds to some extent, espociclly
those below myristic. FopJék end Tiets® and Lough end Gerton® have
tried to overcome ti:ese difficulties by collecting the eluate fronm a
chromatosran of the mixed seids, recovering the group of ecids end
rechronet grophdng ef'ter comlete hydrogeration. The cxidation
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procedure wes thus ev.olded end edditionsl data, 1f required, was
obteined Ly alkeli isumerisstions Scvery snd Desruelle’ heve
hydroxylated the unsaturnted acids end subsequently seperated the

di - and tetra - hydroxy ecids from olelc and linolele asclda
respectively. on andt er column uaing cantor oil as stationary

phases This systen has not, however, found any gereral usc for

the atalysis of mixel scids,

A method has now been develored whereby chronatograms of the
mixed scids (1) elone, (4i) after hydroseration ovd (iii) after
osowlysis yield sufficlent infoametion to deternire the wolar
perce: tage of coplex soid mixtures. The method hos several ad-
vantoges: (a) The results follow from chirometographic data elone
snd other deter-irationg such o8 scpondfication equivalent end
i dine velue of the mixed ac'ds car be used to confiym the eccurecy
of .tho ehromatorazhiie results. (b} The u sstisfactory peraanga ate
oxidetion procedure is repleoed by ozonolysis, end (c) The difficulty
of obtoinding a quantitative recovery of eluted acids, as required
1/ the method of Fopjak’ ond Garton® is avolded. Further, by the
use of scetylated ceator :11 peciked columng the procedure has been
sotiafactorily erterded to a wide ranye of oxysonited ccids.

Some disadver tages asco lated with the ethod ave: (a) The
teenr ique can ot be apamt;d with less than 75‘mg. of the mixed ncids,
(b) 7¢ does rot rordily resolve ver: srall ipurities fyrou edjiscent
lar;e frections, (¢) 1t is corpletely -on - sutometic and (d) 1t
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requires & degreo of skill and practice sbove those required
for gas/ligiid chrometogrephic ara ysis.
(2) Emerinentsl

(a) Ihe }dxed jolds.

"he specislised techrique descriled below wes developed
in order to preserve intect a'y epoxy eclds which moy be present in
the mixed eclds.

Fatty material is extracted from the crushed seods with petroleun
ether (b.ps 40/60%°), The triglycerides sre hydrolysed by treatmert
with 7 aleoholie potessium hydroxide ot rooas temperature for 24
hours, and the usaponifisble materiel is utrautedﬂg “he soep
solution and weshings are scidified with an ion exchenge resin (Zeo-kord
225) ard a trece of sodium scetote. This last is to facllitete
the subsequent ether extrasction of the libernted eoids, Ary scetio
acld extyracted along with the miwed acids is removed Ly washis: the
exirecet with water, prior to drying with anhydrous sodiun sulphates
Bveporation of the ether extrect then gives the mixed neclds, The
Todine nluls._ saponification l@ﬂ.vnlmte end, if necessary, the
epoxide’ end glyeol” values ere then messured on the mized ecids.

(®) !vroge stion.

Complete hydrogenation 1o effected by shaking an ethanclic
solution of the mixed ecids (08,100 mge)with 207 palladiwm charcoal
oatulyatg in en atmosphere of hydro en for 84 hours. The .atalyst
is removed by centrifusing end the hydrozenated mcids recovered by
evaporation of the ethanol.



(e) Qumonolysts

Oranolysis of the mixed ecids is cerrvied out ina
methyl acztate solution st -40° {55144 earbon dloxide/wcetons)
using & 1007 excess of osong. With 50 « 100 ug, of mixed ecids the
resction takes sbout 5 mine, using e siream of opordsed oxypen
(.57 0,) obtained by silent high tension discherge’ . The
reaction is carried out 4iv an all=glass opporatus and the efi'luent
gos is bubiled throush o solution of potassiun 1sdide ond stexech in
dilute sulphuric ecid. TUnder the resction conditims dosarlbd
elove the ozove reeots quontitatively with the ursaturated maa“
and the comyletion of the reeetion is indionted by the lodine/starch
indicator. Oso olysls is continved for an equal time thereafter
to outain a 1007 excess of the reavent,

The ozonides sre decomposed sccording to the setiod of Cason
and Tevs 2. The reeotion mixture is allowsd to werm to 20° and,
a’ter boiling with weter (5 uls) for thres hours, all the solvent
is removed by vecuum distillation, The oszonised product is then
loaded quentitatively on to the colwan, '

(4) Jcetylation.

The mixed wolds ore refluxed with ecetic acid, freshly
distilled scetic a hydride ard pyridine (1:5 by vol.) for two hours,
end then with wator, “he pyridire and sostio eoid sve removed by
co=diptlllation with ecetore, the lest treces by veowmm distillation.
(0e1 w3./60%°f0r 6 brs.). This procedure effects the cmplete
acatyletion of hydroxy and spoxy ZToups.
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(@) Sfuelitetive Tdentification of Acids.
fopropriste eluate fractions sre collected and conbired

| for ide-tification of the nolds therein., The froctions emtaining
the potesciwm selt of a monoetherold scld are firstly concenireted
by vacuun distillation ond tien hydroxyleted with 1 potassium
permangenate ecoording to the cethod of Leyworth and ’-fot!.m“.

The di-hydroxy seld so produced is refiuxed with pet. ether (Lap.
40/¢0%) to renwe ey saturated scids end is orystal ised from
ethaol, It is identified by ifs melting point end mixed melting
point with an euthe tlio san le,

The fre tions containing the potassiun salt of e dlethenoid
ecld are soldified (dll. Cl.) and tha precipitated scids extracted
with ether, The ether solution is evaporated o ¢ suall volums,
eocled to 0% end a wesk solution of broaire in etier adied ustil
the bromine colour just pers iatss The reactlon =mixture is allowed
to stend overnight and the ether is then evaporateds The tetrebromn-
acid is crystallised from pet. sther, (Lepe 50-200%), ary resinous
Baterdal Skt Seseotels - T8 4 L0uE0tal b Lis medting votns
ord mixed melting point with en authontie sarple,

(8) Acelyticel Hesults for Synthotlo ‘ixtures

Ench step in the anmlyticel process was carefully checked by
the separation of synthetlie wixtures prepared fyonm pure ecids, A
pelection of results is glven belowe In pll cases chrountosraphic
recoveries were 10055 and the srreesent between cbserved ond
enloulnted results is satisfectory,



-

(e) ZIsol:tdon of Fvoxy Acids,

jecoune of the reesctivity of the oxirare group, epoxy
eclis have pererally been corwerted to dihydroxy oelds pricr to
alkaline hydrolysis of the glycoridest,
dihydroxy ecid in the oil 1: then dew.nstyrated by the difTererce
between the mole.,  dihvédromy ecid present ofter ring -pering of
the epoxide and the mole. /i of the epoxy scidl’., The method
suffers from two disadventages; (1)Mammuwarm-
Wadﬂhmllwmﬂﬁthmm.mtwmw

‘he presence of &

pregent, then the accurscy of the dif''ererce between the pliycol

and epoxide determirations may be seriocusly affected by experimentel
errors end (i) ary glycerol or = monoglyeeride present records

o8 dihydroxy ecid,

These difficulties can, however, be overcose by using the
chipometogrephic teshnique olresdy desoribed, ainco 1t hes leen shown
that when mixed nolds sve separsted with sn acetyloted castor oil
column, epoxy end ¢ilydroxy solds ere well resolved, (ZTeble 10).

The usual hydrol: tic procedure for the glycerides con not be used
since wineral ecid opers ary oxirane rings wich are present. ‘lethods
for the isolation of epox: acids have been desoribed regently by '
“orking end Uhishols™® end Suith et s1'” using a cold alkeline
hydrolysis followed by scidificetion to pil 4 = 5 and Lmmediste ex-
treotions In the present work & ecold hydrolysis is followed by
ldberotion of the fatty scids with en ion excha e vesin (p 63 ).

A sanple of epoxy-steoric sedd (m.pe 50.5=58°) wns put through
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the soponificstion end recovery procedure. The product wee
recovered in 96 yield, hed a nelting point of 56° end gave o
single pesk corres ording to epuxy-stesric scid in a ciuoatorrsm
using en ecetylated coetor oil esluwn ard a suivent aystem of
55, 61 end 75 scetone. The experiment shows that no rivg
opering taites pimce durin: the isolstion of the epoxy eclds

(b) lydwogeration ‘rocedure, (p 63 ).

Chromatographie analysis of cleic end 1ll:wlelc ecids
after Lydrogeretion irdicates less than %' of residual ursaturnted
material, thus the redu-tion procedure wns considered to Le
quantitatives Anel sls of a mixture of olede (4% ) wd paluitic
scids (577) sfter hydrogerstion geve result: of = stesric scld
447 avd pelmitdo ecid (96 7), The arelyticsl results for & more
conplicated ndxture, fourd by ohrawstogrephy before snd after

hyﬂfammﬁm. are shown below:=

ACID 13:0 14:0 16:0 16:X2 18:0 13:1 18:3 ?
Cele, 4.4 Gk 2349 Ue8 15,0 28.6 18,8 0
obs. fe5 E.4 25,1 6,2 15,86 21,8 17.1 1.1

The results were obtoined by hydroge etion of mnterial recovered
from the eluates of the chrumatogrem of the nixed scids - a pro=
colure wilch is not now rocomendeds The poor results for relmitic
and olele eolds are probebly related to e poor recovery of these
scids fronm the eluate frootions The 1,10 of an uimown component
is pos:ibly some product formed fyom the deterioration of the
linoleic acid.
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(e) Jsenolvels irooodure, (p64 ).

Chyonntoprachio aalysis of the unsaturated ocids
oleic end 1inoleic after omorolysis 1dicated that tey are
copletely degraded by the reagents. The resulis of two gyne
thetio mixtures given Lelow indicate that there is ro degradation
of the ssturated acids during the ozonolysis.

KID | 13:0 14:0 16:0 15:0 18:1 16:3 MIXTRE
Celo. « 38,8 « 19,8 61,0 =
ouBs -~ 18,4 = 19,0 0 -
Calos © | 31s8 = 18,0 - 0.2
obas T | 31.4 - 18,4 - - 0

A chiwvanntographdc aralyels of mixed woids after czonolyeis
recondls only the satureted scids present.

(d) Heduotion of T.oxy Aclds,

The catelytio reduction of epoxy scids hes been studied
by Neok and TMoiford™® and Pigulevelrid snd Rubsshior’.  These
workers consider thot a unidirectionsl operdny of the oxirene ring
ocgours during hydrogemation to give e monohydroxy satursted eoid,
Later work by Jullietti et al”’, however, seeus t> indicate that
reductive ﬂanonarmmrimm&mam#m_
two posaible mo ohydroxy acids,

During the present work o sample of epoxystearic seid wes
reduced in ethancl at 50° for 24 hours with a 207 pelisdium cherw
eoal ecntalyst in an atmosphere of hydropen. Chrometographic
enelysis of the product (m.p. 60-71%) indiceted 147 stecric ecid



and 86 monohydroxysteeric acid,
This con lete loso of oxygen from epoxy acids durlng
eatelytic reduction has not previously been reported,
It is thorefore epparent thot a chromato Fen of the
hydrogencted mlved ecids fron an Al contadning on epoxy
sold will give folse results, The mole.,  of epoxy ecid
will be underostimated vhilst the mole. of the coresponiding
fully satureted aold will be overestincted. These difficulties
mny be overcome i the epoxy ecil io conwerted tu its dlocetoxy
derivative prior to hydrogenation (p64 ). The resuits from
enplysing a uixture of epoxystenric cold end oleic acld eve
given below, They confimm thet no reduction of the dlocetomy
group occurs doring hydrogenation snd thet the procedure does
vot affect the unsatureted acida, | ,
| Syntietic mixture OCale: Spaxystesrie ¢ 7367 olele - i 18,57
_ ous: Digoetoxystesric :00,8° Stecrio : 10,2
Corweraion of an epoxide tu its corresronding glycel is
unsetisrectory since, although the plycol sroup is stable
toverds hydroperation, dilydroxy ocids "tedl” vory bedly durding
hrosetogropiy e
(¢) Zeed 043 ivolysis
(o)

“his investigntion was cerried cut on a saple of
seeds obtalned fyrom Slugapove. A scoond saple froa Indla
contoined the same ecids in very sinllar proportions,
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The seeds (45.01.), of evernge weisht 0.20z, were
shelled to give the kernels, (4,08g. 10,7 ) which were
extreoted with 13t petroleun (b, e 20/00%) 4n a Soxhlet
extrector to sive the oil (2,79, 59,57 on the korrels).
An Lrfroered spectrum of the oll indiosted the ebserce of
ey hydroxy or eposy acids. '

The mixed ocide were obteined es outlined on p63 ,
and the useeporifiable meteriel determined, (2.8 e Chrow
metogress of the mixed selds (1) slone, (1i) sfter hydrosenation
- and (111) efter ozorolysis were yun and these elution curves
ave m"m Pig. 11, Oy suming the titves under esch pesi,
correcting for the sall acidity of the developing solvert, snd
comparing with the total titre, !.t.i.n possible to detsrmine the
mole. ¥ of each scld group. These results are sive: in Teble 1,

The fi-uves in Usble 12 provide & nuwber of simlts-ens
equations fram vhich the moles  of each curporent scid moy be
celoulated.



GELINA ASI'TICA

TDROGLACTIS(284400.)  S.5.200.0 Recov.00.37 Alkali 1.6577%10" 3

ACID

16:0
1330
20:0
22:0
24:0

Flaiio

B0=50

70=103
104
197157
114-154

Tot. Alk, UOlank

5483090
f’.?m
0,100
el02

Ueddl 0431
0.170 3,728
0,108 0.023
Q.078 0120
0,077 04025

Ak, Tor, Bq.X10™

0,78
Be72
1.08
UeB0

o083

fol.

v 1.8
757 .
12.6

Hed

el

EACIDS(25.50ge) 5s2a807,0 Hecov.20,87 Alkeli 1.504110 2
ACID.GiiFe FiisFo

14:0
18:0
328:0
20:0
23:0
24:0

42=79

80-110
1131-153
155-151
150-172
175-106

34971
2,518
1.158
D« 204
i}.m
06128

O0e147 24371
0,138 1.026
Vel02 0,108
0,102 Jedl8
0.008 0.028

He89
4,20
1.75
U524
De159
O.047

Tote Alke Slanke Alk, Cor, Hg.X1070

0,152 8127

oke

5043
2064
17,5
Hed
261
UeH

WO ACIDS(51a1008s )  SaBeB07.¢ Te0OVMB2.LT Alicall 1,604K107%

18:0
18:0
20:0
22:0
24:0

Fa50

S1=70
71.71

55-111
P59

Tots Alk, Tloxk

1,061
0. 977
e B08

8188

0,420 0,541
0,105 0572
0001 0,274

3588 3.8

Ak, Core 2. m"ﬁ

1,59
1.48
Out4

218

“ol,

848
Ce8
2.6

58

Total alkali, alkali blank and corrected alkali are given in ml.



Hvdrogenated Acids.

12:0 + 12:1

34:0
16:0
18:0
20:0
22:0

24:0

Mixed Acids.

+

+

14:1
16:1
18:1
20:1
22:1

24 :1

14:1
16:1
18:1
20:1
22:1
24:1

26:1

Calculation of Results

+ 16:2
+ 18:2
+ 20:2
+ 22:2

+ 24:2

+ 16:2
+ 18:2
+ 20:2
+ 22:2
B 2§f2

+ 26:2

75.7
12.6
2.4

0.5

365
40,4
17.5
Ded
2.0

0.5

(1)
(2)
(3)
(4)
(5)
(6)
(7)

(8)

(9)
(10)
(11)
(12)
(13)
(14)
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14:0
14:1
16:0
162
16:3
19:0
18:1
18:2
18:5

12:0
14:0
16:0
18:0
20:0
23:0
84:0

Be8
8,2
2.0

1.9

0.6

(25)
(18)
(27)
(18)
(19)
(20)
(21)

{(Af'ter esch solution is given the equation
rumbey froa which it is derived).

0

0
0

(1;15)

(18)
( 2)
(17)
(%)
()
(13)
(1)
(9)
(e

20:0
2021
20:2
27:0
23:1
23:3
240
24:3
2631
26:2

2.6
DD
0.7
1,0
0.7

el

(29)
(11)
(9
(20) or 2,0 (15)
(13)
( 8)
(21)
(7
(14)
(13)
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Bquation (4) has not yot been used in the sbove solution end

mey therefore be used oo a check on the general asourccy of the

1850 + 2851 & 219312 + 1818 = 75,47 TEguation (8) = 78,77

It may scmotimes be recessery to ascuse thet an cold,
which 48 not likely to be presert, is in faot ebsert, 48 in
the sbove case, there is freqently one equation ﬂ'mﬁmt
uned to obtain tie results and tids provides a cheok, The
agreenent at this cheok i gererelly good, but not exmct, end
song miror dification of the resulis moy bo made to cbtadn the
best roucible agreement,

Idnolele 58,7 Docosencic 0.8

{rachidle 29 Tdgrocerio JeB

Pron the welgit | of the mixture the sepordficetion equivalent
end fodire valus mey be calculated and caapared with the measured
values,

Sepordfioation “quivelent:= Ubs. 297.0 Iodine Velusi- Obs. 104,23

Calo, 205,23 Cele. 102.0



=75~
The egrecment betveen theese figures ie considered $o0 be maticfactory.

The 018 monoethenoid ncid, isolated from fraoctions 60 « 111 of
the mixed ncid ohromatogram waes shown to be oleic mcid by charsotere
isation as erythro-9:10-dihydroxyetearic acid. (m.p. 129-120°
mized mepe 129-130° )e The 020 monoethenoid acid, isolated from
fractions 111 - 173 of the mixed scid chromatogram was chown to be
oicos=cle~1l=enoic ncid by conversion to erythro-11:12-dihydroxy-
arachidie ecid. (m.pe 129-130° mixed mpe 130-131°.) The Cyq G4~
ethenoid gecid, isolated from fractions 47 - 79 of the mixed secid
chromatogram ves converted to 9:10:12:13stetrabtromostenric ecid, (me.p.
113-115° : mixed m.p. 113 = 124°) #nd vee thus chomn to be linoleic
acld,

The only detailed report of this oil is by Aggarval and Soni 't
~ho found it to contain palmitic (9.67), otearic (19.7%), oleic (23.67)
1inoledic (25.87) and ricinoleic acids, (11.37) The present study gives
very different resultses; there is no evidenee of any hydroxy acid and,
in addition to the usual 016 and 018 acids, there Ar@ several 020
and C,, acide, (total 17{), In thie respect it ie alsodifferent from
Teak nut oll??. the only other verbenacesc secd fat to have been
cxemined in detail, for this containe only the usual range of 616
end cla acide,

(v) Analyeis of Cephalocroton Peuschelii (Pax,) Sced 041,

The investigation vas carried out on 2 semple of sccds from

Pretoria., The seeds (29.81g.) of average wedght 0.,078g. were
oxtrected vith 1ight petroleum (bep. 40/60°) in a Sovhlet
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extreotor to give a pele yellow oil, (8.62g. 20.67) which wos
50144 at 0°, An infya rod s eorun of the oil showed pesks
chorecteristic of the glgmeporide growp et 11,88 and 12,17 uy 2,
mm&m’m«:m,mmm%.www
olede glyasride.
'fhemlmdwi&amnab&dmdm&mmp@ and the
u seronifisble metter (1.8 removed., /n epoxide value enrried
out on the mized eeids indiented 73,5 of epoxyoleio scid, The
valus indicates that there hag been no ring operdng of the evoxide
during hpdrolysls of the oil end recovery of the mixed scids.
- The mized sclds were chromatozra hed (1) alone, (i1) efter hy -
Arogenation and (141) efter ozonolysis ¢o give the el ate curves
ghown in Mg, 12 and the results ghown in Table 13,

The chronatosren of the mixed acides indlcates two cooe
porents eluted with the 627 scetone, which muast be a partial
resolution of myristioc and linolelec nolds., (Fise 6 indicetes that
this mizht be possible under idenl conditiors)e

The resulta from the thnee peraffin c'womatogrems give the
axunts of the usual soturated end unsaturated colds by e ealoulation
similer to that for the Cuelina colds end indlonte the presonce (717)
of ono or nore oxypenated ccids, The asreccent betveen this ard
the measured epoxide volue and the eluting solvent (38 ) required
for the originel scld compaved with the solvent {(487) required for
the ecid after acetylation and hydrogeretion, sugsests one or more
mono-gposy acids, (Teble 10)s The ccld present is mednly
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©le=18:15-gpoxyolols , since threo-i2:15-dlhydroxy-leic ncid
(aepe 54 » 58%)* 65124 resdily be isslated in good yield from
the secd oll after scetolysis and hydrolysias, The caloulated
10dine value and scpondifention equivoalent provide furthor
evidence of this, though they do not preciude the prosence of
sil emounts of epoxy selds differing in chain leongth en'/or
degreo of unseturation. (Epoxy acids, unlike some hydroxy
8c1dn,® @ not interfore with the messurenent of the iodine
volue (Wijs); eos corfivretion of this the i dine value of
epaxyntecric cold was showm to be nil.)

The ohyrom- torrephic behoviow of the acdd om parafin and
soetyleted cantor oll ealume both before ond after ccetylation
provides further evidercs that 1t is entively epoxyoleie scid.
The ~wypgenated aelid is eluted from the coetyleted castor oil
colum with 70  ecetore before snd ofter ncetylation. In 211
coren a symwetrical elution pesk is dbtained dving the same
volue (71-7270.. Although theve is o eviderce at the moment
of how other possible epoxy aeids would behave, it fo likely
that o mizture of twosuch ocids differing 1~ chedn length and/
or wsaturation would lerd to distorted elution curves,

The difference in values between the hydrogenated 16:0
group and the 16:0 group from oxonolysis would imply a o0.3% of
palmitoleic acid. This value is on the border-line of experimental
errors and it is therefore disregarded in order to obtain a better
fit on the C,gq figures. The 018 group calculated = 24.4% and the

observed value is 23.3%.



VDROG/ACEDACTIS(20.78080)  S.Ba308e1 R0,07.8% Alkeemdle74BX407 27
ICTD GRF. Fi.Ne, Tote All, Blemke Alk, Cor. 2q.X107° ol 5
Ry 15-45 3,011 04158 24456 4,208 71,0

12:0 40=57 0,070 0.004 0,018 0,087 0e5
14:0 G8=70 D073 0,064 0.017 0,020 Oeb

16:0 84-102 0,853 0,308 0,124 O.212 546
15:0 104-130 0,959 Cel62 0707 1.564 352
20:0 155130 0,064 0.042 0023 0,088 a8

VIKLAGIIS(2%.5508e) BoileB9L.8 FE0e08,7% Alk.al 712010 21
MOID GRP.  Pliglios Tote Alks Hlank Alk, Cowe BqeX10™0  liol, %

13:0605Y 40«81 D308 e85 Se511 5,668 732
140 SRR 5 04820 U160 0.720 1255 15,5
18:0 25-114 0e572 0.300 0473 0106 0.1
19:0 115«150 0e237 04006 0.351 D¢ 324 3.3
20:0 102152 0,068 0.048 U018 U.054 Oadt

PN LCIDS(1080008.) SeleB92.8 Rece7ed’ Alicendy711X10™Ry
ACID  Pi.o. Tote Alke Blenk Alk, Core BQX10™C  iiel, 3

15:0 40=55 0124 Ga005 C.072 Uedid 0e8
14:0 S0-75 0,190 0,000 Ced00 Oel72 ()
16:0 T4=200 2,126 DeddS O.081 1,185 Se8
18:0 101-118 0,855 04008 (e 530 0.082 Ze0

Total alkali, alkali blank and correctec alkali are given in ml.
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2.8
17.1
047
6240
3.7

CEVALOOR /R0 FRUSCHELIY
ACID . HOLEe & WRIGHT %
lenrie 0e8 %8 |
Vyristie ' 045 Oud
Palmitic Dol 2.9
Stesyrio 2.8 PR
Olsie 8.8 Ge
Tivoleieo _ 15,0 14,5
Arachidie a5 (£ ]
Epoxyolele T1e0 ek
Dihydroxyoleio IL 7L
. S (S L ]~ ISR 5 TR AT A s . SR S

Satlisfectory agreement 1s also obteined between the celculated
saponification equivelent, iodine vahu, mwdb#aluuﬁth-

chearved values,
mmwm

Loddve Volus

Bpoxide Velue

Thosrved
Calgulated ¢
Obacrved
Celoulnted :
Tbecrved
Calouloated :

7844

The C,, dlethe:old soid, isoleted from frection 65-20 of the
mized aolds chrosetogren was shoawm to be linoleic neld by cone
vorsion to 9:10:12:1% - tetrobrowostesric acid (m.ps 120-111°
mixed m.p. 111-112%), memmmwm&dmmnt

in too suell e quantity (1.2nz.) to be identified Ly hydwoxylation,

It was rop vted am oleic rold,
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mm-mmmmmtmm

condofarus seed oll conteins 12:15 - epoxyoleic eold and a
soall amount of 12115 - dlhydroxyolelic coid. It is

p ssible thet the latter may heve been formed from the

epoxy oold durdn: storage of the sesds or dwing imvestigation
of the se-d oil, though it is relevent thot Tulloch® cone
giders thet ©:10 - dihydroxystesric scid and 9:10 « epoxy-
astenric mold are both presert ir the oil of whent stem rust,
Tt was of interest the efore to exerine other ssed oils of
the Cephalocroton genus ond 1t is nov acperant that C,
reuschelii seed oil is very sialler to thet of C. gomdofanus.
The mein difTererce between the two is thet C, corlofarmg may
contain 12315 -« dihydroxyoledc ecid which is definately sbsent

_ The lmwestiation wes carried out on a sarple of seceds
fron Sierre leores The seeds (20,02z,) of averege welght 0,016z,
were extracted with 11:ht petroleun (Lepe 40/60%) in a Soxhlet
extractor to give s yellow oil (1.,7283. ©,47) which solidified
at 0%,  An epoxide deter-ination mede on the oil indiceted the
sbsence of the oxzirene group, wiich was confirmed by en infyoe
red ocrectrun.

The niwed ecids wore obtedned as desoribed on p 63and the
urgeponifieble matter 2,5 ) removed., The miwed acids were
ehronatocrerhed (1) alone, (11) after hydrogenation and (111)
after ozonolysis to plve the eluate curves shown infig, 19 and
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the results siown in Table 14.

VEUONTA cavromt (As Cheval)

TDROGAADTDS(17,00nge)  S.Ee281,0 100,080,687 Alk, ‘1,6008X10™ 2

ACTD Pliglios  Tote Alks Blank Alk, Cors Bq.X20™°  iole. %
15:0 81-107  0.078 0,480 0,548 = 0,028 14,8
18:0  105-148 5,580 0,210 5,129  5.900 . 54.7
20:0 151"'15? 0053 0;955 Je16 0,027 0.5

TR AOT(B2.55mge ) SeBeB77.6  100,50487 Alk. 1.6017510 By
0ID GRI, Plie.Y0e « Tot, Ak, Blank Alk, Cor. ;:q.xm"" Loles 5

12:0 SE=52 J4004 0.028 G058 Ue010 Jed
24:0 45=-73 :3'?& U.i-ﬁ 2,504 4,871 56.6
16:0 TB=7 1,670 0,150 1.730 2.910 3Ced

18:0 98,118 0404 C.101 Cei303 0,808 TeB
20:0 122-152 0.077 0,050 0.087 Qe M6 U8

OBOT ACIDS(84,75m8.) S.BeB77.8 Ne0.25.1% Alk. 1.0952%107%:
ACID Pi.%0s Tote Alk, Dlank - Alk. Cor. Dg.X10°0  lole, ¢

&

18:0 5475 1.256 U«150 1,080 1,41 14,7
18:0 76-00 0,767 Oedifs U640 1,100 «8
20:0 100-110 0,106 04085 J:041 Q.000 UeB

Total alkali, alkali blank and corrected alkali are given in ml.
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The chromatographlic evidence indicates the aboserce of any
mgamtod w!.ﬁ-. The slmultaneous equations indicate a troce
of palmitoleie {.1%) and & trece of lirvlenic (0.17) acids, these
asall quantities most likely srise from experimertal errors arnd
are therefore rot included in the final vesults. A wore serious
wmmmcwm: the stearic acld recorded by
the ogornolysis chwometogranm is .87 yet from the mixed ccids chyo=
matogram the stearic acid is 8,3/% The latter value is teken since
it provides the more consistont rosuits ond the best agresment
between the calculsated and observed seponification equivelent end .

icdine values.

201D LB, » WEBIGHT »
Felmitic 14.7 15,6
Stearic el a8
Dleie 24,7 23,1
Tdnolelo 5447 50.8
frnchbidio UeB Oe8

The C,, group is caloulsted as 84.7 ' end s found o be B4.7/
Seponification “guivalent: Cbsexved 1 877,68
Colouloted : 277,8
Todine Value: Obeexved : 318.7
Caloulnted : 110.8
cmmmwmcmmtmmamcmmmﬂmam
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were obtedred from frections 50=70 and 75-00 respectively of the
wixed aolds ehrssatomramg 9:19&%3:15 - Tetrebronostesyic scld wes
prepered fran the dlethencid scid (m.ps 118-115°, rdwed rep. 118-118%),
and the morowathenold acid wns cunwerted to grytirg = 7:10 « dlhydroxy-
stecrio oold (.pe 129-1907 miyod m.pe 150-152%), The colds,
therefore are limclelc axd oleic aclids respmotively.

Six Ygrnonda seed olla heve previcusly been exa dned, two of
these, ¥, suthelointlon fm V. colomte® eorteln high proportions
of epoxyolelo sold, whilst the yesaining seeds © oontedn ldttle or
rona of this eedd, It is therefore desmirnble to irvestigote other
soed olls of this gerus to see Low gesersl 1o the oo uxence o9f this
acid, Ius cbove mnelytical results for ¥, cagporun clesrly indioste

thet this penus produces no epoxy acld is its =4l

“he irwectigoation was carried out on a sarle of needs
from Tbeden, The secds (78.0g.), of sverase weight 0,785g. wore
sholled to give the kerrels (Hl.0ge ©5407) which were extrnoted
with 11t petrolew (bep. 20/60%) in e Somhlet extrastor to zive
the odl (25.97g.) 40 o0 the kernels). /An infye-red spectrus of
tha 211 indlcated the sbsence of any hydwvoxmy or epoxy scids.

The mixed acids were obtrined as outlined on p63 and the unw
asaponifisble matoriol renwed (U, e Chromatogrems of the mived
vcids (1) alone, {(11) after hydroperation end (111) after czonclysis
~ave the eluation curves shownm in Pig, 14 anl the yesults shown in

Teble 15,



JATROFIA CFCAS (LIIW).

ADHOGLACTDS(B1a00g0) SuaEe202.0 T00,00,2%F Alk, 1,608:%10™%

/CID Fal0s Tote All, Tlerk Alk, Core HqeX10™° tole. 3

16:0 74-102 04804 0116 0,78 1.55 17.8
18:0 108-140 3.574 0220 50654 6,15 022

MIKACIDS(52.1600,) 5eBe877.0 R0.98.7% Alk. 1,607%20 2

OID GRP F7.%0s Tote Alk, Dlank Alk, Core BquX10™0

14:0 1 2=78 2,649 04105 De302 4157 5G.3
15:0 70=108 4,087 0,472 5.008 0e571 975
18:0 100-127 0549 Jelld De38 0734 Ced

Holee B

EONLACTDS(48:08m80) 5eBeB77.0 100,341 Alky 1,685X10™ 3

ACID Pilo  Tot. Alk, Blank Alk. Core 8quX30™° iole, %

1610 5279 1,998 0,148  1.048 518 47,7
17:0 00-102 0,784 0,118 0,660  1.18 Gutt

The chrvemtographic evidence indicates the sbisenos of any
axygenated scids. The slmultanecus equetions indicate o trnoe (0.1
of pelmitoleio ceid, this finuwe probebly arises fron experimental
errors and is therefore reglected, mocmmxpinmlmhua.u
82.3% and 18 found to be 9242 from the chwomatogran of the hydrogensted
acids,
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Saponification Sguivalent: Lbserved t 277.0
Calculated : 9277.3
Iodire Velus Chserved : 108.9
Caloulated : 102,68
The agreement betw een the peponification equivnlent and
the isdire value oslculated from the welght | of the mized acdds
and th.obmdva.lmiammably good fur ¢ 48 slople mdxtures

REFCIECR, FRESENT VWORK
AOID 238 29 30 52 85 84 loleJ i WVelght!
Tyristio 5e2% - - i 1 - - -
Falmitie La8 is 1é 12 i6 v 4 17.7 1G.4
M 1.9 - ki) 5 10 G S.4 603
Oledc 16,7 38 o8 a8 41 b4 50,6 40.5
- - - - - !%IL I 'IL

® Also conteirs : Cepwrole 1,57, leurio 0,07, paluitolelo 18.7°
ond 1dnoleris 8.0

Coroentrates of the Gy, deitherold and C,, worcethenold ecids
wore obisired from fractiong 83-74 o:d C0=104 ionpovtivol;r fron the
onromatogren of the mixed scids 0:10:12:18-tetrebrowostearic seld
(mepel18-118, mixed mepe 1147) wns prepered from the dletheoid scid
ond grytixo - 9:10-8ih drciystesric aeld (n p. 120130, mived m.p.
180-15%) wns propered fros the moncethernold soid. The acids were
therefore linoleic and oleie respectively. |




- e

“his ssed 7il has been the subject of several irwestigetiors
(Teble 18), Two veports” *°° pugest tiet @ h droxy seid lo
present whilot soversl others claim that solds of this tyye ere
ebaert™ 0,  Irwestigation by reversed vhese ohrometogrophy hes
elgo ‘hown $hat hydroxy scids arc sbsent firom the sample under study.
(8) Cerevel Compents.
Although reverced phase chirxeet graphy i being uced move

widely as poper oiroatography, 1ts use 1n ooluewe provides o oone
verlent ard pocurate method for the quantitative study of mixtures
of saturated aglin. hils has been exterded to include unsatwrnted
acids by the vse of oxldetion ed hydrogenation procedures ard also
oaype ated colds by the use of other stetiorary phases. Iy uvelng
oso-e insteed of peranganate s oxidising sgent and by hydvoverating
the mixed scldo rethor then selds vecovered fyom otheyr chromatogrems
the disadvestages of esrlier rethods sre overcose, Uy s iteble
attentlion to detvils ard careful cholce of the correet eluting solvents
it is possible to get goodl resolution between subsequent fraotions end

coraistently hish recoveries of aclds frum the columm, The
setisfactory resuita obtaired with mofel mistures o d the exvellent
sprecnent Detween calouloted end obssrved 4adire velues and sapon-
ifiontion equivalents (better then 17) also iniicate the genersl
socuzeey of the res ults. It is cowidored tiat the results reported
herein are most probebly correct to within 20,57 on esch comporent;
en adcuresy < hich comparves fevournbly vith the estor fraotionation
techrique 0"V,  The agrecus:t betwee: dodire veluss is coneldorebly
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better tha: sose recently re orted for erelyels by ges/liqudid
c!mt«mm’m 40 ere a aorepanoles of J=8 . ocourred
between the caloulated a'd cLserved vaiues.

Though not es simole to operate en gas/liguid chronstography
the teciiiques here deserived oy have sce advanteges in partiouler
olrowstasoes. The analysis is effested under very ni1d condltions,
it is eesily carried out on guentities su’'Ticient fur further Lre
vestipstion, it recuires no elsbornte or expensive equirment end 1t
oy be more esslly sdeptcble to the less volatile oxygerated vcids,
widoh hove rethor long retention times durdng gas c!m.tom.
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(1) ZIntrod otion.

Gan/1iquid chrometography is an extension of liquid/liquid
chromatograrhy ond ic close'y analogous 0 it in principle., Fatty
scid esters which axe volatile at the teuperature of the chrometographio
oolumn axe pertitionad between a moving gassous phase and a stationaxry
1iquid ‘hase held on en inert su port. Differences in the distribution
cosfTiclents cause a separation between the volatile components wihich
consequently move thyrough the column at different rates, 'y means
of a suitable detootion gystem the concentration of eluted meterial in
the efluent zes is plolted egedrat tlnee A Lrief review of sone
chronatographio systess and thelr appliontion to the analysis of fatty
sclds hes slresdy beer piven (p.il).

This indtrument incorporstes an argon ionisstion detector
desizred by Tavelodkls The (- vuy lorisation detector Lias & high
degree of sensltivity to organic molecules yet is relatively is-
seraitive to minor cha ges in temwersture, pressure and argon £lowe
rote, Durdns operation, argon flows through the charber of the
detector and rodiation from a radicective source (Hedium D,) partislly
fonicen the gas and produces e steady and stable lomisation cur-ent
when a voltage 48 epplied acxross ¢ e cuvber, In addition to the ione
ised ergon m.lec.len excited (but ot fonised) argon atoms ere also
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formed whose conpentration de ende on the strength of the sourcve

and the applied voltage., oot orgerdo molecules have iondsation
potentials less than the excitation potenticl of on argon atom
(1146 eve) and will, on entering the chasber, accept suf’icient

energy by collision with the metastable ergon atons, to lead to

fonisation, The resulting inoresse in ionisation current is then
arplified and recorded,

Comerolal arvon (99,05 puve) is used ne the moving phones
This supply contedns suf lcient water to a™fect the senasitivity of
the dotector ard is therefore dried by essing tiwough a trep codled
by ©olid carbon dloxide. The pressure of argon ic reguleted by a
British Oxygen U, 18 valve and is suprlied to the top of the colum
via §" dlameter coprer tubing ord a spring loaded pyrex tap. The
latter is required for closing the argon suyply during the loading of
the colum, The argon flowerate from the detector is mecsured by
means of e soap-bubile flov mater,

The colums ore comatructed from pyrex gleso and eye 4' long
and 4 rm, internal dlomoter, constricted at the lover ond and fitted
with a® 7 cone and socitet. A lesk-froe seal 1o made into the
detector Ly means of a & 7 tepeored silicone rub er seat,

The temperature of the column end detector is held constant
throughut any chromatosrachie run by pleelng both within en aluninium
heat resevolr bar, hected by an iso=josiot, The tesperature control
systen consists of e merc ry-inegless thermometer with platimum ivserts
vhich activetes a transistorised reley circuit, The relgy, in tum,
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operntes the electricsl heaters. 2t was found that at 200° the
control allowed a fluctuation of & 2%, and 1t wns consequently
roplaged by a ‘u’ériu troraforuer when steedy temperatures were
required,

The high voltege supply enables voltsges of 750 to 2000 v,
in 250 v, intervalo to be epplied to the detector oell, end the
aplified iomisation current is displayed on a Sunvic 10 ww.
potentiometiric recorder. The steady inisation current édue to pure
ergon in the deteotor is balanced electrically to give s zevc Lame
Yine o the recorder af O full sca2e deflsctions A senaltivity
svitch (X1:3:10) provides the moans of incrwasing the sutput of the
arplifier to the yveecorder, |

Sarples exe loaded on to the oslumm by mecns of a sdcropipette
{0.,1, 0,05 and 0,025 /Ai.:i which is constructed from preciaion bore
cepdiliary tubing ond i Pilled by cepilliery atircotion. The flow
of argon is interrupted anl when the pressure has falien to about
53)-&.1.%0::1%1.5991:&_&%5-7 joint. “he loaded pipetie
1s discharged on to & pad f gless yern at the heed of the column
puﬂngarﬂthnu:wlﬂm The column head is closed end the argon

The success of a chrometoprac-hic geparntion depends ultimately
upon the efTiciency of the oolum, thus the procedure for column
prepavation will be desoribed in full, Columns erc prepared from
fpoezom L grosse and celite 545 (Vesh lo, 70=100) and a oolumm cone



Cellte 545 is alkali trested sccording to the method
of James, lertin and Smith®, with 507 mothanolic sodiun hydroxide.
The product is weshed free of alkeli with methanol and drled at 110°,

iplezon L gresse (2.,00g.) is dissolved in 1ight petroleum
(500 mle Dene 40/60%) and edied to celite 545 (15.00g.)s 7he petyol
is eveporated whilet sgitating tho mixture. It is inadviseble to
swirl the mixtwe since this results in excessive production of fineu,
whilch afversely effect tie {low rate of carrier gas through the eolumn
with conmsequent lowerdng of the eficiency. “inal evaporation of the
pom1zsmmmtatm°maeramoto.1m.rwam
mmmha&y.pﬂs}em.m. . and 207 Apleson
L gresse columns weore also prepared by sultebly adjusting the yutio of
grenne to celite.
(b) Colum Fagichng

Mtﬂ'ofglmteptmimrhdtofmamaath
Mta:urni'o.ﬂmmmtmﬁnodﬂththemw&unﬁsﬂ
packed by vibration, Vibration is cbtalined by holding the glass
eolun fimly agel st an eighte-sided, 1 on, dismever, Tuf ol rd
which 1s rotated at 5000 repames A fine stream of coated ocelite is
poured into the oolumn and vibration s sterted at the bese ¢ the
e lumn end procseds tows-ds the top, slongside the ascending level of
oolite., The column is £11led to within 5° of the top B 7 joint and
a wod of glass tope is pleced on top of the peciing., A colum paoked
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in this way oconteins sbout Sge of conted celite and reqguires a
presoure of 15 pes.i. $0 ;produce an avgon flow rote of Lotwoen
50=35 ml, per mines Fach column 18 lebelled end a record kept
of ite history erd performance.

(e)

A eertein quentity of stationayy phase inevitebly

"bleeds® from o rew column when 1% is heated to the tenperature
used for chrowatographys 1t is thus recessaxy to allow the oclwm
to remain slightly above 1ts meximss spocified operating tespersture
dﬁ@nwﬁmtﬁwhhmwlwb:;uhgmm
Mmtmthmmmtmuamhmmmm
heater, A pyrex tube (4,57t by 1 cm.) wound vith nichrame ta e and
placed inside a I dimmeter pyrex tube wes found to be satisfestory
for the purpose., 7The chramstogrephio column is placed inside the
inner tube which is hested by mesnd of a Vardec trasaformers

Apleson oolumns ere conditioned by pessing argon through at a
slow rete (10ml, per =iv.) for 12 hrs, at 220°. Repleeing the erpen
with nitrogen was found to be unsetisfactory, perheps due to the saall
content of oxygen in this gas, When not in use, the columns ave
stoppered at both ends and stored ot room terporature.

(a)

The musber of theoretical plates with which a column
chyonatographs @ particuler subst nce cen be calculated from formula
(1), (vesty™),



FIG. 15

i

30

2-51~

(nsi0®)

HEl

Ti

FIG. 16

20

30



(2

"0e 0f theoreticnl plamalﬁ-----(i)-

Tangents are drewn %o the peck at points of Anflexions,

The length of the base 1ine out by these two tangents (y) is measured
mﬂ&nxmwmm-mwtbmwmmwmm
line (x) is also detoreineds (Miz. 15).

The mexirsm efficlenay of a colwn mey be detervined by muking
use of the rate theary of ven Deemtor, “yiderwes and Klinten erg;
equation (2).

leight equivalent to a theoretieal plate = A+Bedu - - - (28).
vhere u = flow rmte of a carvior pus, . |

“he mexinm of'feciercy attaeinable by a 107 Apleson ¢ lum wns
determined in the following mammer:= llot yl nyristate wp ohyow
matogrerhed on a 4', 107 Apleson colzm ot 200°, with a 1oad of 0,025 ke
end a detoctor voltage of 10007, The chromstogrum was ropected ot five
differe:t flow rates, & d the resulis ave glven in Table 17.

i Lo e 10eTePe  HoE.T.Pe  J¥pon Plow Retes
1.78n,  0.16in,  $980  2,42%10"%4n 17,0 ml. per. min,
1,44 0,108 5007  1.60 22,8
1,98 0,00 5356 1.48 7740
1,78 0418 2188 2,95 35.8
1,48 Jelb 1788 2,68 5749

A plot of these results 1s shown in M1, 16, and is the
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o pected shape for the van Deenter squetion (2)s  The curve shows
that the coluwm ef''iclengy increcses with the time thet a zone tekes
to pass through the eolumn, up to polnt et which longtitudinel
aiffusion exorts e opposing effects
Pige 16 indiostos that et a flow rate of 25 ml, per min. the
theoreticel platege of the colum is ot & meximm and ia 3580, The
value campares woll with the renge 3800-4000 reported for the chroe
magogrephy of methyl myristate on this tvpe of colum by Jemes .
FPor routine snalysis a flow rate of 25 ml, per =in. is rorxe ususlly
uged. This mears that the efloiency of the ocolum is then only
obout 2200 theorotionl plates but this lowered efficlenay is quite
mmmmmmmmmmmmﬂnmmm
The colum effic engy does rot affest the velative position of the
eluted zones, but only thelr width.

(4)

Components of o mlzture ney be identified by their retention
times (or volues) relative to some internel standerd, pererelly
methyl myristate, Teso values are independant of pgas {low rete
end the quentity of 1iguid phese on the column provided that thece
remnln constant during the determiration, The volues are also 1
serpitive to sall charges (<2°) in teperature. They ore meesured
in the following vanner:-

The straight sectiong of the peak sldics are extrapolated to
the base line and the ddsta ce from the midpoint of the intersected
base line to thet of the alr poak, similerly measured,ls deto:vdined.
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The alr poak is nogative und follows s dapression in the base line
due to interuption of the argom supply. If the aly peak is not
fully recorded, then an altermnative method of calculaiion has been
gziven by Fetercon and Hirseh®. The distenoe of coch pesk is then
expressed relative to methyl myristite.

The etralght chaln wmono-basio aclds Cg = Cpo s Cgns Cpg
Cyq s Cqg 8532 Cpp i the ibasic scids O, -cs,cs-ewmum
by refluxing with dvy mothanolic hydrochloric acid (0.811) for 2 brs,, ond
tha esters rooovered by ether extrection. Chrosatography of vevious
mixtures of these aoids on Apleson I columms at differont terperaturvs
gave the data in Table 18, I!fuat Jdoterainations were made on  a 200
colum since this permitied morve acocurate msasurecenta to be male for
the yetentlon times of the shorter chein ncids, It vas aiso varified
that changing the welght of stationary phase to 107 or § 414 not alter
the relative retention tines es meesured on a 207 column, but merely
changed the sbs lute retention times, Chromwtogrerhio soparations
of the saturoted mnobesic csters, the dlbesic esters; and the mono-
basic and dibeslc esters together ave showm in Pigs. 17, 18 and 19
respectively.

The separation factor ACl-ia_for e homologous series has beon
defined by Jenes nnd ?iarﬁn" 00 1o |

A(ﬁin
%mwlmmgmafwmﬁnmuﬂm

esters caputed fron the doete in Table 18 is 1,54, which is Just below

the value of 1,56 quoted by Jamuﬁ



for the chiromatorarhic separation of the stmight cheln poncbasiec
esters on an Apleszon colum at 197°. |

"ig. 19 indlcates that a dibesic acid with (n) cerbon atome
eserges just before the momvbssic acid with (ns3) cerbon atoms which
15 15 agrowsent with the fintings of Jasss anll kb,  The actds
are sufficiently well resolved to malte identification easy.

The reletionship between log ., (time. of emergence) end
muiber of cerbon atoms in the molecule is show in Pig, 20, The
greph is Desed on data taken from Table 18, Exgellent straight
lhunﬁobhimdhrmmmm



vonovesde 150°% 200°2%  plvede 200° 2
Gy 04096 - 6, 04080
% 04166 0,088 G 04076
¢, 0.802 0,051 Cq 0145
Cq 0.850 0,079 c,*  0.78
g, 1,00 0,120 o 04268
Cso 1,78 0.156 o 0,407
Cy,® 0.282 Oy - 0:08
Coq 04423
Oyg® 0,661
C“ 1.000
Cys® 1.552
Ceq 24551
Cyn 5450
Gop 12,50

¥These »oids apresr a8 impurities in the acdd mixtuves.
1. Tessured relative to matiyl ronanoate.
2« ‘eas ured welative to methyl myristate.
Y« The values represent the mean of five or six seoparate
determinations with standnrd devieti ns vaging from 0,001 to 0,008,
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iz 17 Seperation of monobesic esters on a 107 /pleson L column,

Colum length 4ft; terperature 200°; srgon 54.1 ml, pe mine
datector voltege 1000v; looG Oulse wle Feaks in order of
appecrence; (1) methy! m-heptarvate, (2) methyl p-octaroate,
(8) methyl p=n nonoate, (4) methyl pedecunoate, (5) cetiyl
lourete, (8) wethyl myristate, (7) methyl n-pentedecervete,
(8) methyl pelmitate, (0) metiyl geheptodecerwate, (10) methyl
atearate.

Separation of dibesic csters on a 10 Apdeson 1 column,
Column length 49ty tesperature 300%; arson 54.1 mle pe min,
dogctor voltege 1000v; loed 0.1 /u-i. Pecks i» order of
erpeerence; (1) disethyl succinate, (2) Qimetiyl glutarate,
(8) @ivetiyl edipote, (4) dimethyl suberate, (5) dimethyl
asela=ate, (0) dimet iyl sebocate, (7) netiyl nysistate.

Jeparation of momo end dibesic esters m a 20° Aplesonl colum,
Columm longth 4ft: Senperoture BDDQ; argo: 38,0 nle pe mineg
datector voltaze 1000v; load 0.1 /.‘l- Fesi:s in oxder of
sppesrance (1) metiyl pehezemdote, (2) dimetiyl succinate,

(8) mothyl peheptarocte, (4) dmethyl glutarate, (5) metiyl
Ieoctamete, (8) dimethyl adipate, (7) metiyl grnomarcete, (8)
ddoetiyl pinelate, (0) methyl y~decarcete, (10) dlmcthyl sube
erate, (11) dlewthyl asela-ate, (12) methyl lourete, (15) di-
methyl sebecete, (14) methyl wyrist te, (15) metiyl palmitote,
'18) methyl oleate, (17) methyl stenrate.
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LOG",_(TIME OF EMERGENCE,REL.C,OR C,).

I. MONOBASICS AT 150 REL.C,

2.DIBASICS AT 200 REL.C,.

3.MONOBASICS AT 200 REL.C,.

Ne. OF CARBON ATQMS/MOL.
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FIG. 20




Before quentitetie anslysis ¢en be undortelten the relationship
between the siganl output of the datector :mﬁ some woleculer pareneter
of the mi-ture must be determined. Uhe output of & (-roy/argon
mm:!bocn&*mbyfmladel to be o furction of the molew
culor welght of the sepsrated omponente iartmen and Shorland ,
ishop and Cooperty and Garton' > heve sll show: that tils detector
responds on & oler besis to eluted comporents, Hottcher et alu
however, cleim that the dotector wesponds to tho weilsht of the
componant present and constent output on & waisght bde ds has Leen found
for the methyl enters of the hiher fatty aolds (mole wte > 200) by

o Mem e Lovolock et a1 in o loter publication state thet
the detector (Sr” esitter) give a vespwnse to Patty reld esters
(mol. wt. > 150) aivectly proportional to the mess of substence
separeted; whilst FParguhor et alm. also using a Srgo enit er,
roport that lineayity of responge egninst weight porcentege of e
misture varied with tho epplied voltege ooyoss the cell, eleotrordo
circultry uﬁ the geometry of the detootor.

‘ }_tr.'.a thus opparant that lincarlty of resporse must be evelusted
by chromatograrhy of stendord mixturos for each porticuler fonisation
detector.

It wes found thet with tle two deteotors used for the precent
work, the erea under coohl penk talwe: a8 a percentage of the cosibined
arca of all the pesks reprosented the moler percertope of the mixtures

provided thet the following conditions were atricily observed:e
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"1‘ The quortity of gubet ce eoplied to the oolum should
not be too large, ﬁimo this rosults in averlosd of the deteotar
ard eventunlly madm Lo "douh e-‘zeakl".g,, » The fault uay be
mmrmu.lpl. afammmtainlmrmm 120¥®
mmemtu or & saeller quantity whern o 1.? ons %Jur mment
is mmmt :

ii) Peotector voliegos below 10 e 8hould not b uaad. At |
'750:. the eariy eum oreénts of & ¢ rov togrem (1w —ol. whe) are .
u ésmstimtoﬁ.

441) -oarmnta scould e run ot o sulte ble W@m*amm-
Wmsm tapacotures sre= 150° for the sstur-ted ronobeste
Iea_;iera CgCqqend 200° for the esters Ug %0 Cpye A% 2007 the enters
C t\nﬁ C ere soriously aﬁumﬁ‘tﬁ.ﬂ-tad. although they Hey stlll be
iﬂe*tiﬁnd awha' fron thelsr yeletive r:tlmti.an times, A mdxture -
ommi.ui.m the rarge C :lB thus rogquires m c.mt..ﬁrm for
quatitative mlyqis, 8 peok cumaon 1o each enrauwetogran ﬁ_.a then
- used to cowelate the tvo nielyses (Teblé 20).

(iv) reax ereas are not quantitetive when they are t o soalle
"t 1a thus recessery to cerry oul tro runs on o mlzture containing
.ahighmornmafmmwwmtmﬂmumpnimorotm
“he m cimmt:—grma, differing o1y 4n applied load, are then
mlatoa by o common peaks

(v) The sensitivity of the weciine 1s best oomtrolled by the
use of the deteclor voltnge switche The amylifier uensitivity ‘s
kept et e minlmm (X10) but mey be raised to (X5) to bring wp a
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soell comnonent during a chromatogrenm,. The meximm sersitivity
(X1) 42 verely used due to exvessive aplifier noise,

Aress under the vea:s nrs measured by ~lani-wbry or by cale
oulstion,  The nothod of coleulati m veed in due to Jaulmes end
Yastres’® cnd oumsiste of sulti;lying the heldht of the curve by
1ts width, mespured at o polnt 48,47 of the hel ht from the base
iires frees ovmuted in this vgy wore fond mot to dlffer slg-
#flcantly fron the nrves Gotermined by planimetry, provided the
ourve wos Causclen glaped, The syver of distorted owrves wes
always neesured tr the planimeter,

T'he anplyois hﬂimtiv:; the molaxr peree: tam of o mixture
 mey 8t11] be 1 ecplote even after sll the sbave precautions have
been ftaken, The nost geceral osuses for this sye:i- {a) some -
eaponent(s) nay not have evrged frwm the ¢ l.m vhen the evalyels
mdimntimw (b) some nonwvolatile ooronent which will rot
came thro.gh the wmm at all,

The present meohine weas mli&nud by aralysing ste dnxd
mixtures of fatty scid methyl esters (ovch ocomponent wes ae_-ms
parels Anelytles] results ave given in Tebles 19 =nd 20, _
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| o |
Dt 2wt swnd® sp, | 042.9) satd wer sea(® s,
| 1210 10,6 88 1.1 3.8 5:00 151 10,6 15.0 0.8

14:0 2.8 20.0 21.1 21,4 [10:0  32.8 5.0 B8.1 2.9
1810 50,5 850.7 59.8 2.5 |12:0 54.1 58,8 53,0 1.2
1¢:0 56’3 40,8 30.3 =1.4

2Dy w Stendsvd devietion,
(n) Crovatogrs iy on a 107 fpe L. oclam, ot 2;100.
frgon flow vete = 55,9 ml. p. mine Detsstor voltege 1000v, or 12507,
(b) “ean results fro. ten dotemsinntions, loed virying
between 0,35 ond Lr.lﬁi. _ .
(o) Cxuntogrephy on & 10 Ane Le colum, ot 150°
Argon flow rte » 18,3 nl, ps ming m voliéfga 1000ve or 1250v.
(4) tean wesults from pix deterdnations, 106d verying

between 04025 and 0,1 r le

c p (&) (@) .

o morobesio o ef 17,1 4,0 e
Cg divesic 2,9 Ced . 4540 ! P 0
Oyq Woncbosle .1 15,3 et 15,8 7 363
Cpq Gibasio W il e 048 8.9,

"--'m M“m 5?.0 %.1 - 61.7 ﬁ?. i




(8) 2 mixture olmiler to thet cbtoined by the pertisl
oxidstion of Iirolelc ecld with myristate stenderd,

{b) Veen vesulte of thyee detevninations, Chromatogra hy on o
103.!;.1».:.-olmmﬂmnﬂ-w'ﬂ.mnﬂm.ﬁommﬁp
1000v. st 200° ond 1550v. et 150°, eooh enalysis with o saple loed of
o.zfu.'

(c) The rotios of Cp moncbamic to dibesic sve 2.56 (150°) end
2,36 (200°), '

(d}mmhhemxmcgmmﬁmemhmmm
of the two seto of clwomatograms to be cormelated e leads to the molay
© cospoaltion of the coaplete uixture,

Inspection of Tebles 19 end 20 indicotes that the response of the
detector is to the moler percertsge of the sixture end not to the wed ht
percestage. he standerd deviati s reported in Table 10 ave yother
shove those reportedl by othor worlkerSie 0.0. SeDe & Uuf on-e § cocponent

Mm; 5,D, = 0.8 51 & 5 ooyonent mm“"; ond 5,Dy & 0,95 on a

Bomanatwdm”. and Ald rot Luprove with experience in using the
machine.

Jmnsmhalpainte&mt that the use of en integreting acplifior
w uld Lasrove the aooursoy of tho detersdnation of my sincle celd fram
B4 to lese than 15

The calibration of thds Inotrunent for quantitetive analysis

irdiontes that:-
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(1) The deteotor mwoponds to moley percertage of a mizture
(14) The meoan of at least three determinations should be used
Lo caloulate the compoaition of a mdxture,
(114) The finel yresults for moler perventage -omposition will
probebly heve a coefiolent of verdation® of 50 on esoh component,

# goafficiont of variation =
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The veeent siplioetion of ges chranetogrephy to 1ipid

chemlotyy, copeclally to the a dmel fals, 'as revecled the existence
of a lrvpe veriety of hit orto wimwm unsscapsated fotty eoids. The
myher of dsuble bonds ard corbon atous of auch l.minw ecotds ney be
“determined by gzes olwomalogrephy using polor snd nomenoler stetiocexy
pha.:ns-l but further lrwestigntiom is required to fix the position of
the unsaturated contres in the wolcoule, /n accournte wetiod of do=
toymidng double bond position 1s also required for experimen .o
inolving o shift An the site of an unsaturnted contre such os pertinl
reduction, elikali igonerisation oo d mnjug,nt'.mz. of unes turated oclds,

The olaccicel method for dvier: mlrg douwlle bosd structures is
by oxidntive dogredation followed by Lde tificstion of the momo a-d
ai~corb xylic eclds so produced. Feeent work hes Leen mrinly directed
towards obtainiyg more a_elao';i'o;é oxldatior: of the unsn.uroled ve:tres,
Preodon fron ssoondsry decradation fregments srd botter wethods for the
analysis of the oxf_antianpmﬂuete.

Arnatyong ond !Ii.ml.teha were the 10t to use potnssium per=
mangarate in dry soetone or mﬂom o oxidise unseturnted estors.
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Iradequate methods of separating the nclds fron the oxidation and
the preserce of fragnontary bi-products enebled only tho pusitions
of mojor une:turation to be detersined scourstely. fegesern et el
introduced column .Mﬂﬂn chyamatography for the guantitative
idertifiortion of the eclds produced by permangenate clesvere of ww
saturnted solis, Soth Geppler apd “egenerm  have shown that
Whmmihubh mmtmw the hisher
nomologues of the dloarboxylic eclds, thuc lecding o unsertsintity
in the vositions of mivor wseturetlam. Jeses srd Serb’, enclysing
the products from the porvangesate oxldatlion of tresturated selds by
ga8 chyomatogre; ¥y howe chom the presence of homolojous seriss of aclds
of g urtor chein longth in the resction rdxture.

lemieux end von malofr® propossd a method oxidation eppiiccble
to "ono ard di-unsatursted solds in wich a pdxture of permengarate
end peridate oxidives the soaps in an aquecus mediim, msintained at
Pl 7.8=0,0 with a-rionate, at room temperature, “he method centres
around Ue contirmous regererstion of the permargenate Uy the eriosdate
wder alkaline conll ioms, The aclidic recction products wers wsepovated
by Tegeremn's® chramstogre hie methods A modifi-ation to this
procedure by Jones and Stolp’ (scdium hydroxide replecing potessiim
onrbonnte) enablod high ;,}soms of @begic acids to Le obitrined, but
isomeris fapurities of 1% weve consistently founds vom Rudloff®
noted that the reagent attocked linolels ecid very ropidly and that the
structure of this aecld had to be deduced fron the reocourit on of caproie
erd aselele selds onlye Termongan te/periodste olesva @ hos leen
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eplied to the mized acids of plent yusts by Tulloch ond lLedinghen
mmﬂmtmlymomcmmmmﬁwmﬂm;mh
The method deperds on cbteining esolsic scid as the sole dibesic coid
asperimental results however thow thet subsric selid is aloo produced
{up to 18| of the total dibasias) vwhich introduces an elevent of une
certointity into the-deductions made from the oxperiment, Hovlklns
end Chisholn'® heve succesfully used the reagont to deternine the
structure of 13:15-dihydroxyootedoc-D=aencic ocid by clesva e befure
and after hyd ogerations A verietion on the -yocedure using oomium
tetrozide eatelysed periodate wes intr.duced by 'apro et aln but
mmmhwmﬁrmtmmastemhycmmﬁmu

“he structure of veversl cotadeosnoio acids hos been determined
by Tiber™® by hydrozylating the double bomds with perncid nccording to
e method of Swern et a1°® Pollowed by clesvase of the ol-nlycol by
veriodates Identificontion of the axddation products wes by the melting
point of the dinitrophenylhydresone of the aldehyde and the melting
point of the dibasic sedd produced by permengenate osidation of the
aldehydo-acid from the primcyy cloownge. fpplication of ¢ rometographie
anelysis to the ‘epredation frognerts produced by this rrocedure both
by.‘i'amuas unavm!‘q.\ﬂloffa indicated the precernce of mory secondory
nolds whiich obsoured the modn fission productas

Ouonolysis has proved 1tself expecially useful for the analysis
of unsawureted aclds although thls method is agedn boset with 4ifficulitien
ariglng from undesireoble side remotions, !igh yéelds of both mono ond

dl-cayboxylie roids are reported for the ozorwlyeis of unseturnted acids,
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by Asinger™ ond Klenk gnd | mgardiC,  {epiler” has np iled oson lysis
to the resotion products from the lscmardsclion of unsaturnted colds ond
statos that ozomolysis ot =5° in ohlirofors fillowed by decamsosition
of the osorides by alkaiine silver oxlde gives the lenst quentity of
secondayy products, Several chranstogmaphic wm ere also reviewed
in this reper and osonolysis is comprredwith pemmanganate oxiiation,
Json lysis in a resctive sslvent (rethenol or scetic seld) fullowed by
reduotive cleavase of the czordde is recamendsd by Pr-du ot el to
give hizh ylelds of the reqilred ﬁ.:mim m

Ogonolysis, a8 a method for double bond looation, hes beon
critisised by Jamos ond Webb  end by Jent-n et al.’®  hen olede
ecid wan ozonised rolatively 1 irge fyeotions eorresponiing to S Gs and
Cyg mono and di-corbonylic eolds wore produced nlonz +1ith th: expected
Cp pedr. This type of evideroce sug:ests the piesenoe of dvible bonds
vhilch 4o not oxdet,  Copon pnd Tmlm.alio roport large smounts of
1 wer homologues but indloate thot theoe are most probebly unoxidised
aldehydes,s They therefore sug est that oconides should be bolled !ﬂlﬁl
vater to decompose tham, therely piving hish ylelds of aldehydes end
on"y treces of soilds. 2y

Yay of the oxldative methods outlined sbove do vot, in foot,
leed to &n uwsequivecel etructure for en mhm ecid even m Preed
fron the weerteintics of secondary wm.  The recorition of
earwolo end szelale nolds Prov o von Rulioff oxl atlon or oserolysis
of lirmolei acid defines thin'n'bi_d s - (:I.i pentedeo=D=siode nold ory



_ if. &ha ohisin longth or mmer of duible bonds is imown, ss (11) cotodeca-
5:12-envie =zid or (:i;.ii)' mmazmm ecid. & declsion
betweon thase possibllities ex' be mode by lebelling tie corboxyl _
mmmm,m;mawm m:wmmmummoém -
mmm;«rmw. Thiz hoa: bee: &muby dm&ﬂnﬂmw mmm 3
mm-bmw aa!ﬁimw. Wt&m bna‘m asd aftoxr nham emm”'
or by degredion of the & oshol foxmed by umﬂmzmawm mm

of the maw.' Stof' el mﬁﬂ:ﬁmm‘ hove aemw the structure o!' ﬁaﬁ

' "mmmmmm body oil by gne etwmqwm o alysis

cttha wwmmt they slso yegrive o kvow (i) the mr
" o Aol Bl (xamsmcs shaorbtion aftsy aJ.r al&-ismmum) |
and (41} e mr B mxbon atoms in the aoi&. (w&m;mmtim falw
by g0 cwusetorrishy)e  The valddity of defuotions fr thts smtliod

| m.aewm o ‘e w_=_-_.-: wint 811 tho daile bords ere metiylene in-

_ mwmpmnﬁmaamumamﬁ:arwzmumm
mit%‘ﬂ o dosule bmm 3:" ceivenhmnold Miﬂ.@ . e m]y tﬁﬁi‘t&ml
irformation roculiod, mim .nar «mo rtmate msmm- mmat of thu uza. G

“The ppwumm aeld s.a wm vrlth i.rm ﬁ"’iex‘la“t na"fm'.aia peld
| 40 oridise ome Aimble bord - avein wh: s FTRY Wi posathls ale
rtydtwm, & anell orount ﬂf.' 0TS esw"mﬁxuiy hydyoxyle tod not ri.al :
| and unroscted sterting sntoridl, m., ¢omilete hydrogeration the reaction '

alxture 10 oxidised with mi*ﬂaﬁe ‘and pex:mmmta and the ﬂm&m
; ﬁwrt&mzimdhy o8 G h'&&m&%‘r. - This pm'im h



pmimla Ly edvadeseves In Wt Lo lves prootlecliy mo ceoosfary

products and M‘ duf.a.mumm botwesn oletinic wd roetylenic centres
asince t.up 1= bﬁer r*wt. mly 81 wly '1%,&- verforrde ncdd.

s emes: les of‘ ‘bre @k,lia#t:!. oR aF numu:!aaia ’w " mml;yai.s ‘
of unseiursted oodds heve beon uniloved in the mw.ian-, ° more
extoncive reviow of ihe pesction of suone wi;*.;i. Yrpeiid aoiec les hes :

: Bae Jlven by E’a.’.la;y o The Tollawing seotion daam&na o6 W
'Huc.fiumﬁal viteat to &at&miw s givvotioe 5 wniet gebed selds by

_Thon .a.fliu\ff‘ﬂ)u L ouore in a ed s n ml,'ot hamoif sold to
mm wiih ong doubiu bond gaoh ung- tursted contre is mzfti,nlly oxilised,
Glsm': ga of ‘.:.ha :;mu_ialm: s oither cotblined with o i‘*:;_'i.?.-.sma by mdioti-a
Ddrnishen o mixtuve of -iam y 4G Elwsorbozrlic velde sod venlthual ‘un-
oridiged naterdnal; vhich can bo oualysed by £o8 c?aM':tﬁtw.‘ : v e
position of seé” wne tureted centrs sey then be fowid by alring off

m**_n_hsﬁq-_?mi dilssie Pregoete oo thet the derbon content of the ooiy
A8 equal €9 'the marbey SF oRrbon stoms in ?. o vesilual worldlsed |
mntapials .

Thiree aacpa:%&w:ml :.;mw&'.tmé were Lavootlosted.

{a) M 400 af osira o on unsatlarated .wiﬂ.

{B) Orore doconos’tion.

(o) he effect of the dscrmp sitlon procedure o ms‘s_&mi

unonidived soid.



A.) J8dition of Uue ) :

Czone bon beor uged a9 e Htrlsetrle resgeot Tor lhe quantitative
gatlnetion ol oleviuic *;r-aaj.‘:.w,‘_";.i_..-l_: By Hogr sl ;.'mmm, tha ozono is
obtalned frou a cm:stant oulput geraresor s i-_ax.'di:i.#gmraed in to the

aeseturetad aattrial by weess of o high speed ostirver. A sispley
DTIRERLTC IRVEL :Ls suy ested by e soluhisity of ;gz'me in organle
solvents (Gn. molas ey Iityo of aﬁx‘b;vr;tetrx=.cii-1=:riﬂ‘%} » 5ch B solution :
ekl e BlendayGisod Yuy enthiatisnge the-fodive Ifecrnied :‘th ecidic
posasslan i5dide end ¢ty e e erﬁ o $itrele the unasbuinted
aterial, e apowit of
,ét: _,.:. alente 1z .40 I&C“&' aolee o DOl o2 the above solullone
Cpunores c.v}:.inf-.rhe& 5;'_;&3:5& & oy e thdruh e 313,” i lischerge
oponicesy Y<p bubhlod HWweagh 4y vhlardl s £t ativepics 3.-0 *!‘b!lm;
al L.’,C:ﬁ fow .3.5 pnay caitar w '*r.?'-."'.‘. ot vl Pornd® that 1.:\'3 ootventd tml:_
@ no Thvtier ovgne sod dordulned 05 baoowlns,) ey Mtre, Aprone
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Fartiey aiperisents o L6 wgo of siabfaxilised & wefail roform
bolutions preparoll st w307 homeves soum nMonted thet thay vore too

unstable for s;.as-r:.i;'itn.ti\m antislia, Sowe exvevimerts slso shoved that

e . i , Ty S s i B, e i PR o~ : S SR EN o A e
thare vett & fncosilele Ymcafiroice. ol dhe dlisolved dions o the

wastumted meteriel,  2ttentio wna thavefore o od 0 a method of
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sAliing wore 46 n chidsofven SAVINSG oF Vis dEteted acid I
meapuring the time of pasvege of ozone through the sslution, The
generator vo. calibrated before and after coch exveriment for unifom
ozone producilons

During o 45 mine period ozore wes bubiled through a solution
of potessiun lodids for iz 5 min, perlods, After soldiffestion the
1iberated iodine vas esti uted w th at_tu‘l.aﬂ thisaulphate solution,
This colibratior indicated that the wmm.pm&md m at the
ot of Be2(2.1)X10™° moles per min, The full osamolyeis of 50ug.
of mothyl oleate co ld thevefore be effected in 2 minae ond partial
ozonolysls by prportionstly cuttdng the resction time.

() |

The resction produot €rom W;Miulf"amzalym of en
egents guch as peracids or permange-ate ocemot bel used ta-rﬁiaaa;me
the ozonldes. “wo su tobls decompos tion procedures were &meaﬁ,s;aﬁa,
(1) o=omide elervage with sl sline silver oxide end (11) osonide |
cleavoge by catelytlo reductlon, .

‘WWJ experiments indleated that yefluxing the
ehlorofors 8 iution of the osondde with weter and silver oxide gove e
mixture of the required ecids but these were contecineted by evsrecircble
cuant’' ties ( up to 80 ) of wnoxidised eldehydess Vepleoing the woter
with 10 sodiua hydroxide 44 not duprove the yleld of aolds slgrdficertly.
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2oAd ylelds of over 08 owild hovever be cbtoined by using the
procedure sug-ested by ?:opplar‘. The ohlaraform solution of the
ozorddes wee added to bolling water ad the chlorofora ellowed to
evapornte, Ali:ell md.s!.};vw sszide wore then added end the suse
porsion kept at 100° for 1 hours  The nelds were liberstod with
dilute sulphurie scid m‘ﬂ extracted with other,
(11) Cmordde “leeva b _

The cleavage of oworddes by catalyt.o hydrogenation _m&m
i et of ‘alaatidns ok sidehodo-aadds aol e Wik s uinetietuttons
£ the present atudy sincs tless laileor sre rot reedily sveileble for
a?mh;#ﬂ;hlc calibration, It has also beon ptoted that duving

reduotdve clesve e some of the correspordilig eclis are also rroduced by
spontarecus decooposlition of the csonides, Toth of thece objeotions
can ba overcone by oxidising the aldeiyde grouss to acid functlons prior
to avalysis, DIilute acldle potessiun persmesgerate moy be used for thls
since doible bonds present efter the pertial ozomslysis heve boen
hvdroorateds

The following procedure wos adopted:= he bulk of the chloruform
from the osonide solution wes mn;ﬂwmw at yoom
mm and tha _omtﬁdns taen up in methenol, Teductive cleava e
wes ecconplished ecording to the method of ‘ene ond Terd sh'.lnm Ly
shairing the metherolic oilution of the ozonddes with o 42 palladiva on
beriua corbonate cetelyst’ in en atmssphere of hydroges for two hourse
Jutsidlery ex: eriments indiested thnt undeyr these conditions nethyl
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oleate weas fully reduced to methyl stoarate Lut O reduction of the
caxbonyl group of nomarel took plece s  The hichest yleld of soide
wep obteined by adding just erough powdered poteseium permengurate
to & sclution of the aldehydes in 1 ¥ sulphuric ecld ot 10° to
medntein e pink oolour for a period of 10 sdrs, onanal oxidiced in
this marner give pelomgorde soid (987) and either ootewolc cold or
unoxldised noneral (30),

(e)

Ssaplos of metiyl oleate end linolente were ddsgolved in 107
sodium hydrozide, sllver oxlde wns odded ord the mizture kept ot 100°
for 1 houre Tho ocids were libernted with dllute seid, recovered by
ether eztruotion end arslysed Ly their lodine velues. (Vijs)e The
Ioddre velue of olente did rot change significantly ea a result of the
ebove trostment and the 1odine velue of linolente dropped orly by St
The reagent has 1ttle effect on unseturated o miress

(a

The results given in Toble 21 weve ocbtained by the oso olysis
of pure methyl cleate in chlorofom at «=40° followed by docomposition
of the ogorddes elther by elksline silver cxide st 100° ‘expto, 1-8)

or by reductive cleevese and ermargonate oxidation (expte, 4-0)e



Zeble 31, ecamosition ixoducts (wole ) fyam the sonolysls
e & 2 HOHOBASICS ‘ DIRASIC U AR RESIDUGAL
ca 09 Gm Ge 09 cw FRAGER TR OIBATE

- 0.7 10.1 ' - 1.8 91.1 - 1.0 64;9
2 8.4 02458 - 8.8 33,8 - 1.9 -

5 2.5 59.5 0.5 1.9 5“.? 1.5 - -

4 4.0 410 « 25 B35 0 = - -

5 0.8 58,86 1.5 1.8 68,0 - - ot

he yesults given in Teble 21 sre similer to those reported by
7o ton ot a1'® for the csonlysis of netiyl oleate follomd by de-
composition of the osamiies by hydrogen percxide, - - Sinwe it is in-
possible to decide whether the minor couorents ir the degredation
products are ronl or meection ertefocts 4t 1o not possible to determine
the positlions of minor Imarttmtim vith sny degree of cortadntity,
mis serious limitstion of the mothod erises from the secondary rosctions
urdergone by the oconide durdns clemweie.

“he Lmvestigrtior into the pertis) oxidation of rolyethenoid
ecids by onone wan thorefore terminated,

(3)

‘a) Introdustion
“he eplication of ges chromet grechilc asalyels to the
porsangn ate/perdodate clesvape pmdmtae'a of the neturally ccouring

dihydroxy ecld in cestor ol1 indicated relsrgorde and sselelo ocids only,
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thus oconfirming the strusture of this soid as 0:10-dilhydvonyntecric
sola’®, Similer enalysis of the cleavage products from 18:15-8ihydrosy=
stearie ocid both olone end wiwed with the 9:10-iscner indicated clesrly
mﬁmma'oﬁﬁmafﬁaigmlm WMM

be extended to determine the structure of polyethencid scids by turrdng
sume of eoach unsnturaled centre indo an ~giyeol group by percoid
oxidation, The fre-don fron secondary degrndation produots encbles
the position of =inor unssturstion to ve fized with certainty.

The hydroxylation of e @xble bond 48 moot readily effected by
neans of performdc nold, Swern ot el ” have shovn thet perforuic oold,
which is propared and utiliced in situ, u-dergoes o rarid end
quantitetive roaction with a monvethenoid eoid to give a high yleld
of the &h yoxy campourd, The veection teles plece under nild
comditions (45%) end the quemtitative uptolie of hydrogen pevoride mekes
1% on idesl procedure for pertisl omddation, he oxddetion of
1inoleio acld by perfornic acid has been stuiled by Swern end Dickel
and by Vetay ot e %and s reported to give poor ylelds of the
expected tatrahydroxy eoid, Swern and Dlokel ™ Pound that the expected
h @roxyformoxy comound wes obteined but hydwolysls gave only e
poor ylold of the tetrélylroxy scids )efay ot 61T expleined this
voor yield by sugsesting thet o 8:@=dihydraxypyren derivative o-uld
be formed under the vesotion ¢ nditions, |

Tt 18 thus eprersrt thet for the suc-osful spplication of
-pﬂﬁmm&wvaﬁaﬂa@p&wMMﬂnm‘d
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poroxide muet be restricted so that only one double bond in each
molecule is hydrexylated. The reageni is thus effectively bLeing
used under conditione of monoepoxidation. In the present work the
quentity of peracid vae cut etill further to 0.6 mole per mole of
polycthenoid scid ap a safoty margin ogainst poly-hyroxylation.

(b) lxperdmental Procedure.

The uwnsaturated scid (lm. mole), 307 hydrogen poroxide (0.6 m,
mole) and 987 formic acid (6 ml, per g. of acid) are shaken together
for 15 mine. at 30°. Any excoes peroxide ieo then destroyed v4th
sulphur dioxide, the formic acid is removed und r reduced preceure
at 50° and the oxidation product ie hydrolysed by heating vith an
exeens of PN soucous sodium hyroxdde at 100° for one hour. The
dihyﬁroxy‘ncida are liberated with dilute sulphuric acid and extracted
vith ether, fosidual unsaturated acid is removed by complete
hydrogenation of 2 methanol solution of the aeide in en stmoe~
phere of hydirogen over & 201 pnlledium / charcosl catalyst for tvo
hours, The solvent and catalyst are yemoved and the product oxidised
vith potascium periodate (Bm, mole), potacsium permangsnate (0.134 m.
mole) and potaceium carbonate (3m. ﬁole) in a dilutec acueous
solution, (200 ml.) by shaking at room temperature overnight., The

reoulting solution io scddified, decolouriecd vith sulphur dioxide’
saturate with salt and extracted (xG) with eBher. Tho acids are

methylated vith methenolic hydrogen chloride anc analyscd by

gne /| ligquid chromatographye.
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(1) Ferformioc scid is un table +1d JogBes xygen papldly,
it mast therefore be freshly prepered from 50 hydroge: peroxide
and 98¢ formio acld for esrch experiment. Fartial oxidstions oxe
usually eorried out on 10 nge of the scld and the oxidising
egent mede up on & ten-01d sonle. 0-",. for the 807 axddation
of 100ng. of oleic acld 0,62 ml, of a reegent propered form foruie
aold (6.0 ml,) and peromide (0,38 rl.) is used, Sufficient scoursoy
is obtalned by meesuring t ese quantities from a 1 ml, burotte.

(14) 7Tt is often necessary to add more formlc coid (1al.per
10013, of solids) to dbtein a homogenesis recction mixture during
cxtidotiom,

{114) The reagenta for the im "udloff® cxidation ere welzhed
for each experiments Tt 18 importsnt not $o excsed tc given con=
contrations of oxidants, increcse in the permasganate recults in the
prosence of secondary degradatlon frognenta,

{iv) GSolvent ether is removed through a 15cme Vigreux colum
mdﬂortomdﬁuinmofwhﬁlc'mm.

‘v) Aralysin of the degrodetion fraguents is by gee/liquid
techriques as described in Fart 1V, 411 enolyses were perforsed on
10! Aplezon 1. columns ond ecch mixlure wes esalysed three times a-d
the mesn rapult talken as the molar porvcentage composition, leny
of the dogradation mixtures renge from hexancio to stecrle scdds ard
thus require to be analysed at 150° and 208%, @ peai o wmon to both
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aralyses 1o then used to correlate the chromatogrens,

(vi) 7The recovery of material fyom the ebove experimentel
procedure (estimated ¢ romntogre - hicaly) is generally betweon 70
ad 007, The losses are due to the volatility of the shortchein
morobagle esters snd ¢o the wonter-soluiility of the shortchain di-
baslc scldo.

(o) laterisls

A1l spectyol date sre obleined from ethenolic o lutions
erd exina ove reparted inmu  with exterction cosfficlents in

Roxe thoges.
Oledo fcdd A pure sauple cbtained from Unilever Lid.
Janoleic Acdd A pure saple cbtained £ rom Urdlever Ltd,
¥ ~idrplenio Acid A pure sanple cbteined fyom Noche Iroducts 1tde
W a pure seple obtolmad from Roche Products Ltd,
4 cbtalned by synthesis (Fert V1)
dd obtained by gyrthesis (FertVl)
ieid obteired by synthesis (Fert V1)
gid Preparved from linsleie seold (Pert V1)
Sente (Vetedecedyre~llencio acid)
The seid hed proviously beoen extrected from Sontalium glbus
sced oll and showed ultreviolet sbaorbtion at 220 (16,000, 240 ine
flexion, (118,52 299(16,600), 240 inclexion).
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Ootedece-0:11-diorolo fold The noid wos cbtelned by veduoing santalbio
aold with lindler's catolyste The dlene scid siowed ultreviolet
absorbiion ot 251 (82,500), 220 in 299 irflexions, (11t°° 271 (24,000)
240 infleoxion). | .
Octadecamgio=t ;trune-11 :trans-19-trieodc nold
The acld was obtrdned fram Tung il by the method of Crosbie end
Jookiin 2,  The saple nelted at 46-47° and had en ultreviclet sbee
orbtion at 761(35,000), 271 (16,000), 282 (56,500)s  (I4t® m.p, 28°
261 (28,000), 271 (47,000), 201 (52,000).
: dd (Octadsce~trong=o 1trong~-11 1trang-15-tricrole acld)

The asid was obtsined fran Tung oil by the methed of Cromble
ol Jnck1in’,  The sanple melted at 77,9-71° and hod en ultveviclst

ebeorbtion at 250 (46,000), 268(50,000), 279 (47,000), ( 1t>° m.p.
72°, 950 (47,000), 268 (81,000), 279 (49,000).
Zunlcle foid (Octodecamgled:trang-11:gig-1i=triencic acid)

The arid wos Jbtained from pomegrorate seeds oil aceording to
the nothod of Crasble end Jecklin®®, The sawmple relted ot 41-42"
and had an ultraviolet sbsoxbtion at 264 (25,200), 974 (46,500), 285
(6,400}« (72t™ mep, 43.5-44%, 264 (35,000), 274 (46,000), 205(36,500)
Setedecn-treng-g:trene-10  trene-12-txle 0l Acld

The pold wes chteined firom S:ots narigold seed oil (Colendula
officinells) by ¢he mathud of lolean and c!.ark“. “he sevple melted
at 7576% and had an ultreviolet abeorbtion at 258 (44,500), 268 (59,000)
279 (47,7200). (14¢>% m.p, 77e787, 959 (44,100), 268 (50,100), 290
{45,800)
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Yernoiie foid (octedec-13:18 epoxy-O-enolo foid)

The aold wes cbtoined from the seed oll of VYgrnorde enthelmintie
by the bateh sdsosption method of Morris, layes snd Holman D  The oil
wen e-ponified by refluxing with 0,8 7 nethaolic potessiun hydroxide
for half en hour and the unssponifisble matier wos yemoved. The secids

vere liberated frua thely potassium soaps by Jeo=ard 235 ion eschange
resin (p.63 ) ad extracted with ethor. 'he nized colds (1.0)g. wore
dlssolved in petwoleun ether (bep. 40/60%) conteining 87 ether (400 ml.)
and eilicio eoid (Og. 2 ecialy vrepored for chromatogrophy) weo edded.
Aftor stirring the silicic nold wes filtored off end the esturated ecids
romoved by stisring it with setrol contalsdng 87 ether. The vernolie
ecid (2.0g.) weo finally ve wed by stirring the silicic ecld with
potrol contadrdng 257 ethar, The seeple melted ot 34=38° (I4°° mepe
35-28%) and eomtadned 5,27 oxirese omygen (Sed7) estimated by Ting's '

(1) Qlele Acid Teaction products (mole [7)

Vondbesde: °B trooe, 09 18, t';:‘B G4
Tibesio: - cD 30

These eve the exrected degredation products from octodec-Deenodc
acid, The trece (¥7) of cctensde ecld must oocur from the secondary
degradntion of pelergonic acid, .It Goos not indicote o positionel
icomey of the dwuble bond et AB since it is umpartencred by the 010
dibesic noid.
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fesotion producta (Vole )

onsbesie: = C, 28, C,, 44
Dibagio: G, 28
. These are the expected products from degration of this acid
(111) Zinoledo foid Resction products (¥ole )

vomobesio: Gy 4y Ty 8, Oy 76
o IM@I 012 6, 09 8
“hese are the solds expected from the degrrdstion of octodeco=
9:18-d1le olo acid. 'ﬁw fisures give: above indlonte o aligpwt
preferential attecl of the porformic ecoid et D but {ids differe ce
is comparoble with the exporimentol errore ard thus there 1s no
evidaree of preferential altacks

(1+) ‘Heaetion products (Mole |))

Homobeslo: t:s 25, - C. a8y cma.a. Cwee.i

These results oro the expected produets from the degredetion

of nonsdecs=10:18wilorolo eold, tut they slso indlcste Lhat the ecid
contrins 107 of octadece~ :118-diensic acid. (p149 )
(v)

resction products (Mole )

Pibasioc: Ceea 37, C 7

N 11 7
' The depradati n yrroducts axe those expected frum ootaiece=7 rile
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{(vi) _Y-Jincle-de tcid ' Resotion products (lole )
Dibesic CigB% g 8 G5 6 (0, end ©, troces)

The profucts are those oxpeoted from the flsoion of octadeon=8:0
:12«trienoic ecid. The succinic end suberie acids ave pressat only ia
trece smounts and are not pertencred by their corrcsonding moncbesic
ecids, they ers thus secondery resctiom products mhm-mﬂt
dnble Land isomers, As with limoleio acid there is no evidence for
SreTrET st iion oF Ahe taelioratil Sevivel, .

{vis) Resstion produots (Mols )

Honcbasle: 015 Lol C:I.ﬁ 202 Cg 27, Ca 1.0, Gm 8040
Libosio: 65 1.2 {:B Jed Qnﬂcﬂ G’ 41.6 09 1.0
Theoe ecldn ere those expected fron degrrdion of eloose~B:8:11:14~
tetraenvic ecid., The aelodc ecid (1.0 ) is urportenered and thus does ot
re regent e doulle bord fscwer at AP, the roduct erises f'rom tormdnal
bisoxidstion of the 1:4:7:10-undecatetrvene aysiten prosent in the are=
ciddorde sacid, Again there %o no evidenco of proferentisl attack of
the oxidising s et on the double bonds, 2 chromatogrms of the
methy lated desredation mixture 1s shown in Pig, 21 Feaek (0) is methyl
syristete irtroduced oe an internel standard crd pesk (10) is methyl
polmitote. en Lpurity in the sterting moteriels
(viia) Qotedecedleniic 244 fengtlon profuots (Vole. )
Horobasio: c,,z.a. 080.4 cgﬂ.s cmﬁ.i Gm 76,4
Divesio: CgqBed Cyned G Be8 G, [ ]2
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The cegradation fragmente demnote an acid with 18 carben atoms

cleaved (1) mainly atA 9 and All, and to & leesser extent at (41) 410
and (144) 8, This pattern is cuite different from linoleic acid
and indicatec a cumulene giructure, the minor ccmponents cannot be
rejected as secondary degradation fragmente eince ecach is correctly
pertenered, Further evidence is .therefere reouired before the etructure
of the acid can be determined and this is provided by the ultreviolot
sbesorbtion epectrum. The spectrum, in this case, indicates a con-
Jugated diene chramoﬁhore to be present, The structure of the aeid i
therefore octadece«~9:110=dienocic acid, cleavege at (i) beoing erpected,
#t (14) srising from o conjugative shift of the double bonée and at
(441) otill boing unexplained, |

Thie minor oleavnge of the bond just ocuteide the conjugated
system at the end nearest to the carboxyl group seems to be charsc-
teristic of this type of acid, (sec below). vhilst it would appear
to be an inherent part of the reaction, the poessibility of double
bond isemeriem cennot finally be ruled out.
(ix) Elacostearic Acid ieaction producte (Mole 7)
Yonobneic: Cs FeOsl 1..1,,‘:-.r 1.9, Cq 20, 09 440y Cyfy 1eTy Gy, 5241
Iibasio: 0114.0,0122.3,0112.5. 0101.3. 09 23.2,08 1.9

The pattern of this degradation mixture ies characterdstic of a
conjugated acid. An ultraviolet epectrum of the geid indicates the
presence of a conjugntod triene group, thue the acid ie
octadeca-9:11:13-trienoic acid. Cleavage atA 9,11, and 13 is expected

cleavage at A10 and 12 is ffrom a conjugative double bond movement
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and cleavage at A8 is agein unexplained. These results, thereforg,
do not preclude a& tracc of the [\8:10:12 isomer being preesent 4n the
elecontearic ncid. The overvhelming proportion of the shortest of
the expac;t.ed dibasic acide is elso charpcteristic of the partiel
oxidation of a cojugated acid, The most probable reason for this
large rocovery is that this acid is not subjected to Turther oxidation,
vhich is not the ease for the other dibmasic acide., The corrceponding
effect for the chorteet monobneic acid (11‘1 this casec 05 ) =411 not
generally be apparant since the volatility of the ester alvaye

resulte dn a poor recovery of the short chain menohsios.'

(%) 3_=E£lacostoardc Acid feaction products,.(melel)

Emobasicgc5 1.6' 061.2’ 01116, 082.3' 09-"10; 0101.93 018 54.6.
Pibepdc: °133l0’ 012205' Gu_agl, 6101.5’ 09?’..8’ 082.90 :

The interpretation of these rosulte is analogous to that used
for o(=elacoetearic acid end leads to the seme structure, namely

octadece~9:1lsl3=-iriencic neid,



(1) _‘undclc foid “eaction products (iole /Y
'TJMI 05 1.3, 36 Ue7s C,I 1.9, GB 248, 09 2e5y Om 1.2 Gm 48.1

Dibasios Cygteds CygBels Oga8e8, C  2ad, 0y35e5, Oy 17
The etruoture of punicic reid is sladierly shown %o be octadecn=

Tesotion products (.'ca_lg )

oncbesios Gy 1u5, Gy 0.8, Cg Ael, G Budy Cgp 1.5, C,,trece,0,,07.3
Tibesio: Cyqle0s Cyi2e8s Tyaled, Cg 9e8, C, 18,6 C, trace

Tho pattern of the dsgredion produots snd the ultreviolet syectrws
wmmmawwmorammmm The
structure is theraoforo cctedeco-8:10:10-trle-ic sold with tlhe poosibility
of & trace of the 7:0 :fl; Looaere The atructure avroes with the previsun
worcors T vhs Liveoticeted tids eoid obtelred froa Goote warissld seed
A,
(x144) Se telbic /old fesction profucts (Vole )

vocbaslor G, Oady Gy 0.5, Oy 0.8, G 04,6
I'Di.bndn: (:1.1 575 CQD Oedy Cq 08 _

The degrodetion fregaents dencte o cond geted acld but msjor
clesvope ocours only ot A 11,  The ultamviolet spectrun of the scid
muontmﬂnarmm;m to be present and thus the acid 4o
octodacasey-gwlil=gnoic ncld,

The triple bond hos beer reported™> to resot with pevhaids but
with a roaction rote osly ore thousardth that of en etiylenic bond
(see also p133)e In sentalbde ecid, however the triple bund reects with
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Seperation of the partisl omidation products from arechidonde
acid, 107 Ap. L colum; o-lum longth 4ft; tepereture 200°
argon flow 522 2le Do 2dn; Adstector voltege 1850v; losd
0sl pl. Feolks in ondor of & jearance: (1) methyl pehexanoate,
(2) aloethyl plselate, (5) methyl penononoate, '4) dlmethyl
suberote, (5) dimethyl suole-ate, (6) methyl lawate, (7) di-
aethyl undecensdioste, (8) cothyl ryristate, (5) methyl g
pontadecen ote, (10) metiyl pelmitate, (11) dinmetiyl tetro-
dsceredlonte, (18) methyl arcohidate.

Separation of the porticl oxidetion products from o mizture
of 1inoleio acid (0.88 m. mwle) and tetrodecP-erolc nodd
{(De71 e mole) 10 Aps T eolum: column length 4.
teporature 200%; argon Flow 52,2 ml. p. ning detector
voltnge 1000v; load B-iﬂl. feolkts in order of & pocronne
(1) methyl prheptarcate, (2) methyl genonancoete, (3) dle
methyl pinelate, (1) dlmeth 1 nyels-ate, (5) wmethyl myristate,
(6) dinethyl dsdecanedicete, (7) methyl relmitate, (9) methyl
stecrates

Separction of he pertiel ozidation products fyrom e sixture

of linoleie seid (4175 m, mole) and octadecew? :il-dienvis
oeid (0,185 m. mole) 10 Ap, 1 column; column length 4P%,
terporature ECI'P; srgon fiow 55,0 al, p, ming detector
voltoge 1000v; load Ol ul. Fenis in omler of eppearance:
(1) metiyl peheptaroate, (2) wethyl penonanoete, (8) dlwethyl
Amelete, (4) methyl meundscenvete, (5) dinetiyl azela-ate,
{6) dimethyl undeceredionte, (7) dlmethyl dodecnsedionte

(8) methyl pelmitate, (2) methyl stesrate.



«l50=

ebout a third of the rate of lhe etiylendic bond, this st be due to
the oo ugation betwoen the too ceutres.
(xiv)

The pertisl oxidation of this acid was rovested on n. ‘
larger soale (0.35.) end the resction produots exacined for any oyclie
oterdal, A discussion of the experiment is rescrved until p 139

Cyelio material reculting from tho action of a pernoid oo the
1:5-hexa iens system oiwuld be a 1:3=d pubstituted-" :6-gyclohexanadiol.
It was thus verified that gyl hexeneeid-dicl ~ @id not undergo
fiasion when oxidised with the von ‘udlof? mngsmh.

The pertial oxidetion of the coid wns carried o.t as usunl
exoopt that e’ter the von udloff oxidation the aguesus s lution of
. products wes conventrated to 50 ml, in s rotery-filn evevorctor prior
%o extrootion with other end chlorofoni. The chloroform extrest con
tained no matorisls “he material extrected vith ether waa estorificd
(1%01}/C1) %o give the mized esters, (0.3784g.) w ich were subjected to
a uren adiuct seperntion $o give two freotions; (4) U.7.A. = 0,2127g,
ord (11) VaUshePe w 041190, (100l rooovery 86 )e

“he fractions were analysed by gas ehrosatogreshy. Praction (1)
11 sonobesio an’ dlbasis and C, 5 monobesic ecids only (087
- of mixture eocounted for) end frection (ii) contoined only G, dibasic

cont ined C

and C,, nno and dibasic scids, (96 of the mixture eccounted for)
“he recction products therefore contein no eyolic noterisl.

(2) Digoussior of Recults from Single Joldge
The degrrndetion fregne ¢t fron tie portiel oxidetion of monothenoid
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snd polyethensid selds of e metlylerns intorunted type indieste clearly
is all ceses lhe cheln length of the acld end the -awmber nnd position of
the double bonds, Cecondaryy desyodation is vory slight and lcaeds to
rroducts which are not sedred by their corres: nding Tromwents axd can
therefore be rejocted. The method 1s also ap licable to determlrdng
the structure of aclis contelnin: the cvoxide groun (pe135; or the .
dlol groupe The differential mte. off repotion batweer ethylenic ad
acet lenic centres aleo orables the lattor o p Yo b drtected.

The degredotion frogmenta fronm 8 conjugried scld nr oot a chay-
aot ristic —atter: £ r this tipe of molecule but speot.ra.l dnta is oloo
req ired ns eddlitionnl evide ve bef re the stricture can be deterined,
The resulis o nsiptently ghvwr a trece of poslitionel isomerism in the
double bond siructure, but this is most probably a rosotion artefroct.
The sig/trang cufiguration of the duuble bonds in conjugated aclds
does rot bave any effect upon the partlol oxidation m"cti.on.

Thore s 1ittle or no evidence for tie preferential alto it of
erf raio codd on s drble bonds in o polyethensid eoid.
(3) inrtdel Owidesion OF fold dxtures _
T nave studded the rotes of oxddation of

unsatureted molecules by rerecide, The et comon procedure hes been
to measure the rate of dispappearaoce of the vawrseld by titrsting aliquot
rortions of the resction mixiure, This method 4s rot however nppliceble
to studying rotos of oxddation with porformie acdd sivoe this o mpoumd
is velativelr unstoble o d looses ox pen m;ﬂ.ﬂly“. “he mothod
doveloped £ the presont vork widch deduces the extont of oxidation
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the nlnuv. votes of ma.mn.
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‘eonputed i the following manmer e :

% odletin = (gle, 7 0 Paniiata Tra mack A b
: ' (Mmmoﬁmmma)

liote Mﬂumlﬂ ofthnmuﬂﬁibadoﬁawt.ﬁmmdmﬁh

bond do not ogree then the grecter value i: tamrortln;a

oxidation caloulotions

Demlta
"_(;1) Tetredeo-7=gnoio Acdd (0 .s.t M. mu)/mmm Acld (11485 me mh).' |
e _ _ Reestion products (mole )
. gw@ Gy B8y G, 8.0, Oy 348, C,, 32,8, O 36,8
Dibeslo:  Cy 847, Gy 123, Oy 48 _

_ A chrometogrem of these bm&tmmhhdaminm. 98..

The methyl palmitate (ponk'?)mintm&xm&mwmwm
The yvesults for the Cg4 pmc,mMosom frm;uhmtommm
at 250% (n .t showm). ;
% dddstions: ‘lomoetheroid 40%;  diethencid 18 :
(44) Oleic Acid (018 m. mole)/ ‘onndece=10:13=dien-ic ecid (0,17 m. m-le)
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Lesetion producte (mole;)
‘Homotnedc : C¢ not record-d 09 18, Cyg 32 019 28,

9
Caloulatione are mado from the dibaric mcide only mince the seme

monobacic acide ariee from cleavag: of both moleoules, The 7 oxdidations
are ealeulated from sorreeted figuree, alloving for the 10{ 1imoleie
acid in the hemo-linoleic acid

¢ Oxddations: Honoethenodd 35%3 diothenodd 170.

(114) Oledc Acdd (0.176m. mole)/ Octnicea=T:ll=dicnocic Acid (0.19Tm.mole
‘egotion producte (mole 7)

Honobasic : C., 309, 09 801. Gn 349y Gla 66,0

Dibvasic @ 0115.5. 09 8.7, 07_ 3.3,

The ealculations of the ¥ oxidations are made on the assumption
that the steeric peid ie recovered to the same extent from each source.
£ Oxidations Oleie ncdd 237, 4so-linoleic meid 717,

(iv) Oleic Acid (0.155 m.mole)/ Arachidonie Acid (0.137 m. mole)
Leaction products (mole £ )
HonobaciciC, = ,69 10,0, Cyr Le3y cls 1.5s Cyp 38.0,020 37,0

Ddbaeic .c“ 1.0,09 1440, G,y 0.9,65 13, 05 -

The symbol « signifies that the acid vas recorded cualitatively
only. Calculationa for the 7 oxidations are correected for the azeleie
acid vhich comes from the bis-oxidation of the arachidonic aeid,

% oxddations : Oledc Acid 2873 arachidonic acid 157,

(v) Oleic Acdd (0.137 m.mole)/Hexadece-8110=dicnoic Acid (0.159 m.mole)
fegetion products (mole 7 )

Monobasic: 06 1.1, 0.‘, 0e9y 09 19,4, 08 240y 016 14.0, 018 33.0

mhue 1 c 3.9’ 09 m.‘ cs 407

4 Oxidatione: OOIeic acid 397: conjugated diene 387,

(vi) Oleic Acid (0. 485m.mole)/Tetradec=T=mole Acid (0,49 m.mole)
Leaction producte (mele )

Honobaeic 3 07 traece, 09 17.5, 614 37.0. 018 26.7 M

tdvasio ¢ 07 1.0, 09 17.8



1k

/ Oxidetione = - Oleic acid 4073 eocetylenic sold 0.67
(vii) Oleic Acid (.57 m. mole)fHexndeca=8:10-3iynoic Acid (0.59 n, mole)
Hesotion products (mole J7)

43,0, ©C 5440

Monobaslot Cc 18

el
Tdbesio: C

10,3, Cyq
o Oxidetions = Olelc acid 97: diccetylenic scid OF
(viil) Tetradeo-7=enoic f0id (0,204 n., mole )/ K -Elnessteeric ‘eid
(0.183 ’m. m:-")
Teection prodiets {mole |9 |
‘onobaslo: G, Sed, (CyC,8C540,) 1.5, Cqq 9840y Ogp 5540

Diboglo: 59' 13,0, cg 110, (cmﬂmﬂuﬁw, "

7 Oxldations = Tetradecencile coid 97 eleeustenric acid 307

(iz) rdnoleie Zcid (0.185 n. mole)/ ctadece~7 :id-dienclc Acid (0,178 m. mole)
Teaotion products (mole )

Honobeaico: 06 1.5' 0.’ &QG. 09 30?’ Cu 5.3, 013 65.5

Dibasio: C.o %2, ©

12 11
A chr matogram of the sbove degradetion fyragrents is shown in fig.

TeBy Gy 48y Cp 443

28, the methyl palmitate (peck 8) wa introduced es an interrel stonderd and
the results for the monobesic eoids {58 and C, ave caleulations for the

" oxidations ere mode on the nsoum tion thot the steardc noid is yee
covered to the same extert from each sBourve,

Oxidations = Tdnoleic meld 207; iso-linoleic acid 29

(%) ILinoleic Acid (0,174 m. mole)/irachidords Acid (0.178 m. mole)

Renction products (llole )
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Toanchbasiod ce 1.8 09 Seh ’31:3 303. 0151.4 Cm%.a Gm 4540

Dibasic: c 5.9. 014 1.&9 5.0. = gl B £ Gs 1.8. 05 3 .

12 11
The caleulstiors of the [’ oxldstlo s ere based on figures

corrected for the aselsic acid vwhich is rroduced by the Liseoridation

of the axochidonic ocide

' Oxidotions = ldmoleic fodd 1773 erechidomie scid 16°

(x1) Vern lic feid (0,107 m. mole)/Tetradece=-en ic foid (0,172 m. mole)

Peaption pz‘a&mta.(sa e )

Howobeslo: Cg 148y Cp 047, Cy 2e8, O, 10.4

i4
Pibasioe: 01337.0, 07 Oilkelly CQ 14,9

The eroxide group o;f vornolic agid 1s cowmletely cleoved by
the pertiel oxidstion resction, verrolic seid not oxidised at A9 is
therefore meopured b the guansity £ :'12 aibasie yecwverod,
7 xidotions ® Tetradecernoie seld 77 ; wvornolic cold 55
{xi1) Tdvolele feid (0,172 me mole)/Tetradec-7=ensic Acid (0,160 m, mole)
Fartiel oxidetion with perncetic ecid,

The ac'ds vore oxldised with 0,179 ml, of e resgent ;yepered
from rlsolal acetic acid (1.6 =l.), 80 hydrogen yeroxide (0.25 ml.)
ord concentrrted o lphuric acld (10 1), othorvise the experimental
roeadure wos ldertiorl to tiat used £ v the perfomilio acid oxidatis g,

lesctlon producte (mole )

“eonobosioe: \'26 - S o Seily Gm 52.0, C:!'8 2547

Tibs do: 0s8, C, 12,5, Cy 11,0

42
4 Dmidetions e Totrodecencic ecold 28 .3  lirolei: acld 40
Table 22 contoins o summayy of the results obtnlred fromthe partinl

oxidation »f seld mlztures.



Zhe yeou ts obt-ined from the partial oxddetion of mt\mtod
fotty ecids with rerfornic ecld indiente thet the rales of oxidstion
of the po)q;ethemm occids r&la’aiw toa m ‘oetlienold acid fall into
three groups: (1) ‘he acetylenic acids, relative rate mil; 11}
the 1inoleleo oeid tyre, relative rete 0.3 (:lnacpa:-ﬂaht of the raxiber
of double Londs’ ond ('ﬁi) the igg-linoimin, conjug:lel M'n eod
tvio eode ncids, relative rate 1,0, T“he ficures zives in Taeble 22
pn;b-‘-s‘y have o ata da~d exrror of § bul the eross-check experiments
-(m notes o the toble) indloste the overal correctness of the resulis.
211 the experine: ts conﬂiat_o!.ﬂy show a suoprising low ~elative
rete of oxldntion fur the polyethen dd reids - rosults wiich éiffer
aricedly fre thime obteinod with other peresids. Owern ot al 0’
have oham that 1iroleio and ii-olonic acids oxidiss foster then olels
rold durdng thedr veccido. with perscetiec neld end Suhape s states thot
1imoleic acld oxidises 30 ¢ stor thon does oleic with the ceme resgent.
These obBervetions are born out by ezperisont (mii). The substantial
differe o betweon the yesotic s of porforiie erd other pem.l&a hes

45

previ ualy been noted by Swern et nl-é’ as hal the fast rocetion

between olefo a:d perfr io ocids .

Iv direot contrrat to these resuits ar: the relotlve m.cti.on
rates cespuyed durln: the autoxddation of the volyetheold acidss Vith
res ect Lo -133.0 ocid the mie tdvo autoxidetion ronte of linoleio o#id

18 12 a°d Por linolorde aald 257,  his resotion hes been shown. to



!! X, - ACID FAIR TOTAL ORIDH, . ONIDN. !
| ;! 34 1 U -mREmolasl !
oy AN SN k 0 1 110,48
o (1e) VA T aANs sy 110,46
ey Y AAA 3 @ 100

() | A |\ A A 8 18 110,54

Sl SR e R 113,07

() | WA A 10 28 110,08
ey TN U N0 L
) | v L vaaA T w0 1:1,11
W | ANA | A 0 1:1,45
) AN AAAAAS | 17 16 140,08
e oA e s 1w
i e R N

(a) Exceriments {ix) and (x) function as checks on the conaistengy
of the resultn, since thes: oxidetion ra_tiou wy be corputed fyem eorlier
data, _

(b) The rotio of the oxidation rutes of limoleic ecid to iso-
linoleie acid celoulsted fron experiments (11) oné (114) 4s 1:1,88 and
meagured is 1:1.45,

(6) The retio of the oxidetion rates of limoleio ncdd to arachidonic
acid celoulated from experiments (11) end (1v) 4s 111.1 o @ measured s
1:0,94
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proceed by o free rodionl mecharden ord the increcsed relative recotion
rotes of the nolyetien 44 aclds are explained by the feot that t!w
s0lds cortedn the 5 carbon systea (C::Ci.$H.CH:CH) which has & hicher
resonance erergy then the 5 o rbon aystem (C1:Ci,CU) found in olede
coid, “hese hish cﬁiﬁaﬁi n rates for the polyetheroid ecids would
not neocess rily be expectad t: be parnlileled £ v the oxidation by por=
acids nince these laiter are electry hilic reacents (attac-ing entity
&‘E%) erd rot free radical, 7The relotive oxidation rotes with peraclis
for the polyethe oid eclds conlalrdng 2, F-_, e%6. double bonds might
hovever have beer axpeocted to be in the rotio 1:2:5 ete.

This 1s hovever n.t the oase, the rel: tive rate for linocleic seid
and perscetio acid is 1:11,0 end with perforric acid 18 1:0,0. It
has beern sham that the introduction of en “aygen funetlon into the mole=
culesrior to pereasid ozidetion lowers its reccotion rote, duamm hog
corfimed that ricinolelc sacid oxidises 50 slower then dces oleic ecid
with rerocetic aoid end Subm'aw reports thot rnoepoxyoctadeceroale seld
rencts at sbout 50 of the rote of oleic acid with the srue pmm..a.
these lowered retes have been put dowm t9 o lowering in the mucleophilio
prorerties of tho douile ond by the elootron attrecting prope:ties of
‘he ozypgen atan, These observatlons, whilat o pleining the reduced
rote of oxidation of linvledc acid with perscetic acid, dr not ex>lédn
the grootly reduced reteo with serfo mic acid,

The syperent loworin; of the rucle phille prope ties o7 the d.ble
bonds in linoleic acdc alsht be explained by the fact t et in this ccid
the 47 electrons are shoivred wver 5 corbon etoms, wilch is o roductiom
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in the eleotron dersity of the d ublo bond oarbon atome o mpared
with oleio aoid, Some support to this idec micht come fram the
resu 8 with the conjugeted sclds where tie interection of the T—
eleotrons gives the seme yatlo of omtrma to am atons a8 in
oleic agid & d the ozidation retes are all a;p::‘r-muly the 8/
(experinents (v) and (vii4)

' The double bonds of the igo-linolelo type molecule eme in
the 1:5 positions end thus it is aifficult to exvlein decotivation
by interaction of the T electroms, “he lowsred roeotion rete for
this scld rdght oesibly be expleited by e aaomaary reagtion ine

volving, cyclisationie
HO HO_
L —_—
OH

The 1:5 d-uble bond smcd.ng ocours in squalene and ouch mlimt‘km
Teegtions have been shoumn to tale ‘*ﬂaﬂ. under the influence of electrophilie
reagents?1?%,  atiemts to £ini such e oyolic product in tie portial ‘
oxidation reaction mixture however falied (pl13% and the cyclisstion
is now thought not to oecur,

Mterpted explorationg of this differe ce observed between
vorformic and percocetie ncid towards 0ii* cust surely fuil since buth
of thone resgents o teck with the same entity, e Lirortant differenoce
does hovever ocour betwecn the two nelds, nne'y that whilst epoxidation
i3 the main recstl n of ;oracetic ecid ‘he reeetiusn f perforuic acid
18 hydromyformylation  ‘he differerce in the reeotion rates of linoleic



atd and monoepoxyoleic eold towerds further opoxidatl n end the
. rotes of linoleic celd and hydroxyf moxyolede mﬁmmw

tﬁﬁrmfbmwlattm rdght explain the rew mwtivitg at pOly=
ethenoid oo ds towsrds porformic solds “he mau_lta obtelned for
the perfordo 0oid oxldation of monoepony olele aoid da ot hoever
bear this theo:y outs Tie low rolctive oxidation rete of linoleie
aold (0u5) coul’ not be adequately expleined even 12 the relative
rete for soncapoxyolede ncid weve vil, in foot the rolotive omd-
dation wate for vernslic poid is 0.5,

At the progsent time thovefore there secms to bo o sﬁt&afmtmy

explenntion for ‘he hith rote of exidotion of the momvethenoid solds
with performic eoids
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Pure oleic acid was prepared from e commercial sample of the

acid by the low-temperature cmunhim technique of Brown and

1. Perbenscoic acid wvas prepared by ultra-violet catalysed

autoxidation of benzaldehyde according to the method of s'nma. The

Shinowarse

epoxidation of the oleic scid was carried out using directions given
by Swern® to give 91l0-epoxystearic acid. (53 yield),

CH o (CH,)oCHICH, (CH,) sCOOR ——— G, o (GH,) . eGligHHa (CH1,) ,COOR.
Eeagentst~ 1, Ph.GOBH.

(2) Freperation of Nomadeca-103ll-diencic Acid.

The acid wes prepared by the method of Fhittout and Sutton®,
Linoleic acid chloride wes prepared from pure linoleic acid and
oxalyl chloride and was treated with an ethereal solution of diazo-
methane. To a methanolic solution of the diasoketone was added a
solution of silver benzoate in triethylamine, The methylnonadeca-
dienoate obtained was saponified to give nonadeca-10:l13-dienocic ecid.
(757 )e Gas chromatographic anslysis of the fully reduced ester
indicated that the product contained 10i of unreacted linoleic acid,

ReGOOH—1> RuG001 —25 R.COMCHN, —35 B.CH,4C0,0H, 45 B.CH,CO0H.

R=CH,dH,) ,+CHsCH.CH, ,CHICH.(CH, ). =

3% 2% 2 7 rg/se T 4« KOI/ESOR.
30 ?hQC(]? 3 "
feagents 1= 1, (coc1)2, 2. 0112112
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(3). Symshesis of Tetradeo-T-enoic Acid.
This acid has previcusly been synthesised by Taylor and Strong .

1s5=Dichloropentane, prepared from pentamethylene glycol and thionyl
chloride in the presence of pyridine, was refluxed with sodium iodide
in dry acetone to give 1l:5-chlorolodopentane. m-ilexyl bromide wes
reacted with sodium acetylide in liguid ammonia to give oct=l-=yne
which when coupled, via i1ts sodium derivative, to l:5-chloroiodopentane
yielded l-chlorotridec—6=yne, This latter, when refluxed with alcdiolic
godium cyanide and sodium jodide, afforded l-cyanotridec~6-yme which
was converted to tetrndec~T=ynoic acid by the action of alkali, The
ancetylenic acid was roduced by Lindlar's catalyst to give tetradec-

cig=-T—-onoic acid.

HOu (CH, )5 +OH Ay 01.(Cm,) 401 e 014 (CH,)
" 3 4 5
CRye(CHy)geBr —— CH,o(CH,)geCBCH — CH,(CH,y);e03C.(CH,)5u00 ——>

6
°“3'(°32)5'° !c.(caa)s.coon AT, B 053.(032)5.cn?cﬂ.(cae)s.coon

Heagents 1= 1, socl?/csusn, 2 KI/Me 00, 3+ CHICH/NalH,, 4. c1.(c52)5.1
/FelH,, 5(1)Fal/HaCV (i1)KaOH, 6. H,/ Lindlor's Catalyst.

(4). Synthesis of Octadeca-Tsll-dienolc Aoid.

This acid which hae not previously tesn synthesised containe a 115~
hexadiene group and ies thus similar to the iso-linoleic type of molecule
observed by Hi.le_ys during the partial hydrogenation of methyl parin-
arate, A eynthesie of an acid containing the l:5-hexadiene system,

trideca~5:19~diencic acid, has previously been reported by de Surville,
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Rivett and Sutton!.

Hexa«l:5-diyne was prepared according to the method of Raphael and
Sondheimer® by the bromination and dehydrobromination of 1:S5-hexa-
diene. Dodece~1:5-dijne was prepared by coupling n-hexyl bromide to
the mono-sgodium derivative of li:S-hexadiyne in licuid emmonia and
wae isolated as & pleasant emelling licuid.(25) yield) Thie wane then
coupled to l:S—chloroicdcpentane, via its sodium deriative, to give
l-chloroheptadeca=63116-diyne which was converted to octedeca-Till~
diynoic n2cid by the ususl sequence of reactions involving codium
iodide, sodium cyanide and sodium hydroxide, Partial roduction of
the diyne seid with Lindlar's catalyst gave cctadeca-cig-Tecis-11~
diencic acid as a low melting oil.

éaeacn. (CH,) peCHICH, —L> Cil br (CliEra (Cll,) 5o CliEroCH,, Br —2—>

CHIC.. (CH,) ,.CicH o 5 Oty e (GHy)g oCHCa (CH,) a0 HCH 45

cns.(cng)s.c!c.(cliz)z.clc.(caz)s.u 2%

6
ca3.(cnzls.c!c.(cnz)z.clc.(cnz)5.cooa S

CHy(cH cifen. (cn .cn?cn.(cag)s.coon

2)5 2)2
Reagents :~ 1. B‘re/}?t?o, 2 Naﬂﬁ?/l.iq.RHB, 3. CH?.(Oﬂ?)S.Br/BQﬁH;,,

4e C1o(CH,)ge1/NoNil,, 5+(1)¥aC¥/Nal (11)¥acH, 6. il/lindlar's cat.

(5) gymthesis of Hexadeca-B3:l0=dicmoic Acid.
This conjugate: mcid hne not previocusly been prepared,

h-Pentyl bdromide wae coupled to sodium acetylide in licuid emmonia

to give hept-l-yme which wap converted to l=bromohept-leyne by the
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action of sodium hypobromite. lsé-chloroiodchexane was prepared from
hexamethylene glycol by the method already outlined for chloroiodo-
pentane (p144) end was coupled to sodium acetylide to give 8-chloro-
oct=l-yne, This latter wes converted to nonen-8-ynoic acid by the
usual sequence of reactions with sodium iodide; sodium oyanide and
sodium hydroxide., Hexsdece~8:10-diynoic scid wes then prepared by
coupling togother l-bromohept~leyne an¢ nonsn-S8-ynoic acid in
methylamine with a cuprous chloride catalyst according to the method
of Chodkiewicz’s (865 yleld) The diymoie scid has a melting point

of 32-34° and an ultra-violet spectrun as reported in Table 23,

The spectrum shovwes four peaks and is similar to that reported for

1

undea~3:5-d4ynolc meid by Meisters and Weiles' ', tut differs from

the spectra rported for the 017,c18and 019 diynoic acide by weedmu

Table 23. Ultra-violet Spectra of some Diynoic ‘cids.
Y SR SRR S ¢ S

ACII .20
e N :——21—'6 3“3 2260 41 o 413 40 2 a
Eandeoa—ﬁalo-dtynoiel "3 B ” 3
2135 500 2245 490 2380 400 230
| Undecn~3s5-diynotc® 10 212 3 y o s e
P 2280 2350 44 -
Heptadeea=10112-diynodc® 11 70, e
o 2270 430 2280 430 2360 320 =
Ootadeca-9:1l-diynoic 11

o 2270 470 2370 320 -

Hmdooa-m:l?-dinoic? 11
l. In gyclo~hexsne., 2. In mlcohol.

Cryotals of the hexadecadiynoic scid exhibit photolability,

previously observed with other diacetylenes by Jones and Ehitingn-

On exposure to daylight the orystal surface becomes covered in a
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vivid red polymer inscluble in the liguid meid and the more common
organic solvents. Partial reduction of the diyne scid with Lindlar'e
eantalyst gave hexadeca-gis-810is~10-dienciec ecid as a low melting oil,
The ultras-violet of the dienocic scid in methanol showed 2 single

peek at 2340 A with ¢-3.2 x 167,

1 ¢
033.(0112) o cag.(cﬂz)‘.c!cn ——-a-cna.(cnz,)d.clc.sx ool

HOW(CH,) o0 —25 C14(CH,)(o01 —45 C1.(0H,)geT —201u(en,jg.Cl0H

—i:» nwc.(cnz)ﬁ.clcn esell

8

1+11—T5 oH,u(CH,) 080,090, (CH, ) g CO0R

2)4

CH,e(CH .cn?cu.ca?cn.(cﬂz,)a.cooa

2y
Feagents 1= 1. cnlcu/na:m,‘,. 2. Nalbr, 3. soclz/csﬁsn, 4e n/naaco,
Se CHIOB/E&NIIZ, 6o (4)Mal/PaCl (11)NaOH, T. ueﬁu,‘,/n?o/mm/un?on,

8, Lindlar's catalyst / Hpe

(1) Preperation of 9:l0-ipoxystearic Acid .

ification of Oleic Acidl.

Qledc acid (150g.) wes dissolved in methanol (1.5 1.)
and nllowed to stand at ~20° for 24 hre. (Iry ice / acetone). The
wvhite precipitate (7.58.) wes removed by suction at & cooled Puchner
funnel and remained solid at room temperature. The filtrate wns cooled
to -50° for 24 hre, and a further crop of erystals (92g.) was collected
on the Puchner funnel. This precipitate melted to a pale yellow oil
at roam temperature and wap talen as the purified oleic amcid, The
residue (49g.) remained a dark browm liguid at 0°,
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~

Preparation of Ferbenzoic Acids
In a 1 litre, three-necked flmek fitted with a thermometer, e sintered-

glass gas bubbler and » reflux condenser cooled with dry ice and
leading to a vacuum line, benzeldehyde (52g.) wns dissolved in acetone
(400m1,) The flagk was partially immersed in an ice-~bath and irradiated
with a 1000w, mercury lemp, whilst a constant streem of dry air was
drawn through the solution for €hrs, Neaction temperature 5-10°, The
peroxide content of the molution wep determined at intervals by
withdrawing 5ml. samples and estimating the iodine liderated from
acetic m‘!d/potaaaim iodide solution, with standard sodium thiosulphate,
The content of perbensoic acid wee 160,
I poxidation of Oledc Acid.

rurified oleic acid (°5g.) was diseolved in perbenzoic acid
solution (aoml.,o.wa mole, nctive oxygen.) rt 0%, rfter standing at
room temperature for 40 hrs. the peroxide content of the resction
mixture vas deternined and it weec found that 937 of the perozide had
reacted, The solution wee cooled to =50° for 6 hre. ,filtered and the
precipitate wrshed with cold acetone, to give crude epoxystearic moid.
(36e78¢) Two orystalliscations of thic materinl from acetone (10ml. per
g.) at -25° yielded the pure epoxy acid. (19.48. 53%.,mepe55.5-56°,
#oxirane oxygen 5.37. cales 5.36.)

(2) Preparation of Nonadeca=10:l3~dicnoic gogd“.

Fure linoleic acid (BOOmg.) wre mized with oxalyl chloride (10g.)
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at ~=20° in an atmoephere of nitrogen, and wee ocorsionaly ewirled
during » period of 72 hre, at 4°. Pxcens of oxalyl chloride wne re-
moved under vacuum at room temperature, The product wes taken up in
dry ether (10ml,) amnd added to a large excees of diasmthanan',(
prepared from Nenitroscmethylurea 2.0g.) in dry ether et =75°%,

The mixture ctood under nitrogen for 2 hra. at Q° and the ether and
excess diazomethane were then removed under vecuum at room tempar—
ature. The diazoketone wro taken up in methanol (10ml.) end dry ether
(Bml,) and added drépviae to e solution of silver benzoate (200mg.)
in triethylemine (2::11.')14 The black mapansiu;, from which nitrogen
wna evelved, was allowed to stand under nitrogen for 2 hrs. at room
temporature, The solution wne then taken up in light petroleum (b.p.
40/60°) and wae washed twice with (¥ hydiochloric scid, tvice with

2N sodium hydroxide end finally with water and dried over anhyirous
magnecium sulphate, The petrol wse removed under vacuum and an ether
solution of the product allowed to percolate through a column of
charcoal (15¢m. ¥ 0O.5cm.) supported on a thin bed of siliconiced
Hyfle super cel, fvaporation of the eluate gavethe ester ses a col=-
ourless oil, (658mge.,75%), which wee saponified by refluxing with
0458 alcoholic potessium hydroxide for { hr, The acid was recovered
by ether extraction and stored et 0° under nitrogen until require:.
Gas chromatograrhic analysis of the fully reduced ester indicated
that the home~linoleic mcid contained 107 of unrescted linoleic

acide
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(3). Symthesis of Tetrndec~]=enoic Acid.

1:5-4c ntane .

Fenta methylene glycol (100g.) and dry pyridine (1l4ml,)
were placed together 4n a 1 litre flack and redistilled thionyl-
chloride (290ml,) waes added plowly to the well cooled and stirred
mixture, at such a rete that the temperature remained ot 25°, After
the addition, the flask ani contents were heated to 100° on » steam
bath for 2 hres, Ice »nd water were carefully added afd the precipi-
tated oil taken up with light petroleum. (b.p.60/60°). The extract
wvas vashe twice with 50%f sulphuric acid and once vith sodium
hydrogen carbonate solution, dried over anhydrou= sodium sulphate
and evaporatec, The residue on dietillation gave li5=dichloropentane,

(119.584,8T5+,bep.76-81%/20mms, 13t47bepe 79-80% 22mmeyn2® 1.4555,

2143¢ 020 1,4563.)
1 hloroiod @y

115=Dichloropentane (119.5g.) was added to a solution of
sodium iodide (127g.) in dry acetone (780ml.) snd heated on a steam-
bath for € hrs, Iuring the latter atages of the reaction violent
bumping ocoured as the precipitate of sodium chloride formed, Tater
(900m1,) was then added and the precipiteted oil wrs taken up in
light petroleum. After heinglnnhed with vater and dried over
anhydrous sodium eulphate the extresct wne evaporated ané the residue
dietillec through a lm. helix-packed fractionating column to give

(1) unchanged dichloropentsne (bep. 79-90°/20mm.), (ii) 115-chloro-
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lodopentane (bupe 75=771%/4mme, 1its> bepe 75.8/dmme, noo 1.5280,
11426 ngo 1.5304, 100g., 51%.) and (ii1) l:5-di-iodopentane which
was not distilled,
Ogt=l-yme

Liquid ammonia (500ml.) wne placed in a 1 litre threc-necked
flask fitted with a stirrer and a gae inlet tube, and was cooled to
-35° by pleeing in a lewar containing dry-ice and acetone, A rapid
gstream of acetylene, which wre purified by passing through a dry-
ice trap and two wnsh-bottlee containing concentrated sulphurie aecid,
vrs passed through the ammonia. It ie advisable to place also in the
acetylene line a mercury blov-off valve and an empty gre wash-bottle,
in roeverse prior to the renction vessel, in case of a suck-back,
Soddum (11.58., 1007 excoss) wons then added aeccording to the mothod
of Campbell and Cmpball}'r et such a rate that the solution did not
turn blue. After the addition of all the sodium the acetylene wns
shut off and l-bromohexane (41.3g.) wre added during & hr.-and the
mixture stirred for an additional 3 hrs, Ammonium chloride (15g.),
water (150ml,) end ether wore mdded and the ammonia mllowed %o
evaporate. The acueous layer wns extracted with ether and the
combined orgenic extrecte were washed with 2N sulphuric acid, sodium
hydrogen carbonate solution and dried over anhydrous sodium
sulphate. The solvent was removed through a2 1 m. fractionating
column and the fraction b.p. 75-780/150mm. was collected as oct-=1-

yne. (9.9g., 36%., n2C 1.4200., 1it:' b.p. 76-77°/150mm. ;05" 1.4157.)
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1-Chlovotridec—b=yme

Oct=l=yne (10g.) in dry ether (25ml.) wre slowly added to a
stirred suspencion of sodamicde in licuid ammonia (750ml.) prepared
from soddum (2.,18.) in the presence of ferric nitreto catelyst (50mz,.)
by the procedure of Vaughn, Vogt and Ficuslandl® ané eocoled with
dry-ice and no‘e’tma.wii"ier afi’rring for ) hre. 1:5-chloroiodopentane
(21g.) in dry ether (25ml,) wre adicd daopwise and the roaction
mixture stirred for a further 9 hra. The reaction mixture wes
alloved to stand overnight vithout external cooling wvhen most of the
ammonia evaporated, and the scidium—complex wan then decomposed with
apmonium chloride (10g.) an’ vater. The procuct was extracted vith
ether and the organic axtract washed vith 2 sulphuric acid, sodium
hydrogen carbonate solution ant water before being drie gver
anhydrous sodium sulphate., femoval of the other and fractional
édstillation of the residue gave (1) a fraction b.p.68-70%/0.Tmm.,
n.?o 1.5020, (unreacted iodo-compound) and¢ (ii) l-chlorotridec-b-yne
(b+p+106-108% 1em., 070 1.4625, 8.75g. 42f 1142 bep. 112-113°%/2mm.,

Blz)o 1.45930 )

Tetradeo-]-ynoic Acid.
l<Chlorotridec~6-yme (8.75g.) wre diesolved in 80f acueous

ethanol (85ml.) containing sodium iodide (B.5g.) and sodium eymnide
(Be58s)+ The mixture wes refluxed for 48 hre. Potassium hydroxide
(21g.) 4in water (72ml.) vrs then added and the mixture vas refluzed

for a further 48 hrp, The reamction mixture wane diluted with en
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ooual volume of water and unwanted neutral material extracted with
light petroleum. 207 Sulphuric acid was then edded vhilet maintaining
the temperature bolov 25° and the liberated meide were extracted vith
light petroleum, The extract was vashed vith water, dried over
anhydrous sodium sulphete and evaporated to give the orude acid (
Te48e, 867.) vhich wre distilled through a vacuum-jacketed Vigroux
column to give pure tetradec=T-ynoic mcid.(bepe 126-128% 10 %mm.,

Bepe 30-31%, 1182 mepe 29.5-30%.)

Zetradeo-cis 7. id.
| fetrsdeg-T-ynole acid (2.00g.) wees dicsolved in ethyl acetate

(25m1.) and cuinoline (0.25g.) and vas semi-reduced by shaking in

an atmoophere of hydrogen with Lindlar's catalyet!’g(.?s.) The hydro-
gen uptake vas 225.0 ml. at 736mm./20° corrospending to 1,02 mole.

The catalyst was removed by centrifuging an? the quineline by

washing vith 28 hydrochloric acid. The totradec-cis-T~enoic acid

vas recovered as a lov melting oil end wee stored under nitrogen at
0% untd) recuirved. (Iodine value 111,3, cale. 112,3. Partial oxidation

of the acid gave heptanoic, pimelic and myrietic acids only).

(4). Synthesis of Ogtadecn~7:ll-diencic Acdd.
132:5:6~Tetrabromohexone,

Bromine (97.5g.) vas added plovwly to 2 well cooled
and stirred solution of diallyl (25g.) 4n ether (S50ml.) 'emoval of
the solvent gave 13?!5:5—Mtrahrmchexane. (1188.,9&;0' MeDe 51—590,

11‘?1 MeDe 53"54% @
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Hoxa~l:9-diyne.
A suspension of sodamide in liguid ammonia (500ml,) wae pre—
pared from sodium (54g.) in the presence of the ferric nitrate

catalystl®

Tetrabromchexane (118g.) in dry ether (300ml.) wae added
dropvise during 2 hre. to the cooled end stirred suspension, which
wap sﬁ.ﬂ‘& for a further 3 hre., The reaction mixture was set aside
overnight without cooling vhen most of the emmonia evaporated. ' ther,
ice and water were addesd to the residue, the agucous layer vas wrshed
vith ether and the combined organic extracts washed with 28 eulphuric
rcid, sodium hycrogen carbonate solution and =ater and dried over
enhyérous sodium sulphate. The ether sas removed through 2 1 m,
fractionating columm folloved by distillation of the dipropargyl es
a colourlose 1iquid. (12.68.,58%.,bep. 56-88%/760mm., no” 1.4385.

14422 b.p. 85-86°/760ms. ).

Hexa~1:5=diyme (13,6g.) in dry ether (15ml.) was selowly added
to a cooled and stirred suspension of sodamide in liquid ammonia
(250m1.) prepared from sodium (4.4g.) in the presence of ferric
nitrate oahlnt!a Aftor stirring for 1 hr. nehexyl bromide (39g.)
in ether (40ml.) was added during 30 mins. and the reaction mixture
vas stirred for a further 6 hrs, Ammonium chloride (15g.) vae then
added, the ammonia evaporated and the product isolated by ether oxe
traction. ‘detillation of the extract through & 1 m. fractionating

column gave (1) a mixture of dipropargyl and hexyl bromide (b.p.
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68-70°/20mm, ) and (41) dodeca=1:5-diyne, s plessant cmelling mobile
liﬂ“!.dn (6.81‘.’25‘;.’ b.p' 10001‘20 MMy n;c;o 1.&545.)

1-Chloroheptadeca=6:10-diyne.

Todeca-1:5=diyne (6.81g.) in dry ether (10ml.) vas slewly added
to a stirred suspension of sodamide in licuid ammonia (200ml.)
prepared from sodium in the presence of ferric nitrate oatnlyat’.‘a
After stirring for 2 hre. l:5-chlorofiodopentane (10g.) in dry ether
(10ml.) vas added dropvise and the solution stirred for 8 hre,
Ammonium chloxide (10g.), wvater and other were added and the product
oxtracted vith ether, The combined orgenic extracte were vashed with
28 sulphuric acid, sodium hyirogen carbonate solutirn and vater and
dried over anhyirous sodium sulphate. "cmoval of the cther followed
by “dstillation through a short Vigreux column gave two fractione 3
(1) a mixture of dodecadiyne mnd chloroiodopentanc (bep.58-60°/0.Tmm,
n?® 1,4680) end (11) 1-chloroheptadece—6:10=a1yme . (2e280920%s, Bupe

140-142°/050m., 020 1,4725.)

Octadeca=-T:1l id

1-Chloroheptadeca=6:10=ciyne (2.2g.), sodium dodide (2,3g.) and
sodium cyanide (2.3g.) were refluxed together in 807 acuecous ethanol
(?5m1.) for 48 hrs. Potassium hyiroxide (7.72.) in vater (20ml.) vas
then acdded and the mixture refluxed for a further 48 hre. The mixture
wre diluted with an ecual volume of rater and unvanted neutral material

extracted vith 1ight petroleum. 307 tulphuric acic ves then added
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koeping the tsmperature below 25° and the liberated aclde were
extracted vith 1light petroleum. The extract was washed with 'nter,
dried over anhydrous sodium sulphate and evaporated to give the erude
ocziccadiynoic sedds (1.6584,72%s) The acid vwas distilled through a
10cm, vacuum~jacketed Vigreux colusm to give octadeca~7:1l-—diymode
8034, (1.4680s64% ey bupe 158-160%/10"%m,, m.p. 48-28.5°.) Micro-
hydrogenation of the acid indicated 8.1 hydrogene short of saturation:
whilet gec chromatography of the methylated, hydrogrnated acid
inddcated a eingle peek at steardic acid,

Octadcca-cie~T:cie-11-l4cnode Acid.

Octadeca~T:11=diynode acid (1.00g.) vae dissolved in othyl
geotate (15ml.) and cuinoline (0.1g.) and wae semi-hydrogenated by
eshaking in an atmosphere of hydrogen vith lLindlar'e celalyst.(1.0g.)
The hydrogen uptake wvee 172 ml. at T4%m./ 20° correeponding to 1,95
moles, femoval of the cetalyst rnd solvent gnve octadecn—gie~Ticis-
11-dienoic acdd ae & lov melting oil which wne stored at 0° under
nitrogen until recuired, (lodine value 178.9, cele. 181.0). Partial

20

oxidation”  of the scid gave a mixture of heptanoie, pimelie,

undecancdioic and stearic scids only.

(5)s Eymthesis of Hexadoca-83110-dicnode Acid.
Hopt=l-jme.
fept=leyne ves preparcd by reacting n-pentyl bromide (76g.)
vith sodium acetylide prepared from sodium (11.5g.) in 1iqudd
ammonia (500ml,.) and aceylene using the mcthod reported for the
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prep;ra‘uon of ootyne on pqa51 « The ether wae removed from the
extracted produet through a 1 m, fractionating column followed by
ddetillation of the hopt=l-yne.(2g.,67%e, beps95=105§ n’~ 1.4089,
11627 .p.99°, n2° 1.4088.)

1= l=yne.

Preparation according to.the method of Strsues, Kollek.md Heyhgs
Ice (50ge) was placed in a 250 ml., flask fitted vith an efficient
stirrer. 10N Sodium hydroxide (25ml.) and bromine (5.5ml.) were then
add=d followed by heptyme (9.6g.) end stearic scid. (300mg.) The
emulsion waes stirred violently for 18 hre. after which time the
orgrnic material vee extracted with ether. "ther and unreacted heptyne
vere removed by fractional distillation and the rescidue distilled to
give 1-bromohept=l-ynes (1646g+)95%s,beps55°/10.5m., 0o 1.4598,
11424 %0 1.4625.)

1:6-Chloroiodchezane.

1:6=Chlorciotohezane wee preparcd in an analogous manner to

1:5-chloroicdcpentane (p. 150) starting from hexamethylene glycol.

8-Chloro=ogt=l-yme,

To a stirred end cooled solution of sodium acetylide prepared
from scdium (5.5g.) in liouid ammonia an’ ascetylene ee described on
ps 152 , wre added li16-chlorociodohexane (59.1g.) over a period of 4 hr.
The mixture ves stirred for a further 4 hre. and ammonium chloride
(20g. ), vater and ether were added and the ammonia alloved to boil

off. The mcucoue layer wee extracted viil ether and the combined
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organic extracte washed vith 2N sulphuric acid, sodium hydrogen
carbonate solution and dried over anhydrous sodium sulphate, The
ether wae evaporated end the residue dietilled to give B-chloro-Oct-
1-yne. (28.584983%e, bep.T3-76%/10mm. 020 1.4560, 1457 bup 73-76%/

10mm., 020 1.4590.)

Honan=0=ynoic de
The 8-chloro-oct-l-~yme (28.5g.), sodium dodide (20g.) and

godium eyenide (20g.) werercfluxed together in 807 asucous ethanol
(300m1.) for 48 hre. Potassium hydroxide (100g.) wes then acded in
vater (250ml.) and the wmixture refluxed for o further 48 hre. The
mixture was then diluted vith an ecual volume of vater eand unwanted
~meutral material extracted vith light petroleum. 20f Sulphuric aecid
wvns then addod vhilet maintaining the temperaturs below 25° and the
liberated aclde extracted vith light petroleum. "vaporation of the
petrol gave nonan-S-ynoic escid vhich erystallised in large needles,

26

(2858459920, Bep.18-20°, 13¢50 mep. 29°%.)

Hexadeoa=8310-diynoic Acid.
The synthesis is by the method of Chodkievice? A solution of

l-btromohept-l-yne (1.758.) in methanol wee pdded during 15 mins. to

a solution of nonan-8-ymoic acid (1.54g.) and cuproue chloride (E0mg.)
in 307 agueous methylamine (25ml.) under nitrogen. Hydroxylemine
hydrochloride was added in small portione as the reaction proceded

to ensure that the copper remained in its reduced form., After the

addition ves completed stirring was continued for a further 5 mine,
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then acueous potaseium oyenide was added and the mixture extracted
vith ethers; this extract being rejected. Theacid wes liberated by
adding 2% sulphurioc acid and extracted vith ethery, The extract was
vashed with water, dried vith enhydrous sodium sulphate and evaporated
to give the crude modd (2.48g.,817,) vhich vas distilled to give
heradeca-83:10-diynoic acid as a vhite orystalline solid, (m.p.32-34°)
The eryestalline acid turned rod on exposure to dayllshtzz A micro-
hydrogenation of the acid indicated 7.7 hydrogens short of saturation,
vhilet a gns chromatogram of the fully reduced mothylated acid
indcated a major peak at palmitic amcid and g minor peak at nonanoic
acdd. (3%.).

Hoxadoea=cin-8:cie~10-dicnodc Acid.

Hexadega=83:10~diynoio acid (297.0mg.) vee dissolved in ethyl
acetate (10ml.) end cuinoline (50mg.) andé was semi~hydrogenated by
shaking in en atmocphere of hydrogen with Lindlar's ocatalyst. (200mg.)
The hydrogen uptake wee 58 ml. at 745mm./15° correeponding to 1.01
moles The solvent and cetelyst were removed to give hexadeca-cis-
83gio~10~iienoic acid as a low melting oil which was stored at 0°
under nitrogen until required, Partial mdatimm of the acid gave
the following products : hexanoie, octanoic, suborie, decancdioie

and palmitic acids, vith a trace of nonenoic acid.
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