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SUMMARY

I.

The seed of the tveo Ouguekos Gowxe (Olacoceae) contains nine

scetylenic 318 aclds compriging thvee quarters of the totel glyceride
polds. Pour of these aclds also conbein a hydvoxyl group abiached

ol =

o 0(8)" iB-hvdroxyoc*taélec—-hr*a:as—dl—en-»?)a-ynoic acid iz ipolated for

the Tirst time from Ssntelun olbum soad oils

It.

The stomach oil of the flmer petrel (Fulmams glecislis) is showm %o

be ginllar to a typicel fish oil; acids conbaining 14 - 22 cavbon ntoms

are presendt, including docopahexaenoic and eicosapentacnoic aelds.

IIX.
The elassical method of anslysis of the seed oils of the Unbelliferae

was unsatlsfactory and o move accuraise mebhod is now devisods
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Isono (Boleko) 011

Isano oil, also called boleko oil or ongokea oll, is derived

fron the nub Onpuckos Gore Engler specie (syn. Ongokon Kleineons

Pierre) (Olacocse). The trees, whiech grow sbundantly in Bquatorisl
APrica, produce nubs which axe one third shell and two thirds keynels.
The kernels contoln 60 % of an oll which tums ved on oxposure *o
deylight and emxplodes violently on hoating.

Although the oil is highly unsatursated Lt does wot dvy vhen
exposed to the atmosphere as o thin £ilm and hence somuerciel
development has been slow.

Isano oll is soluble to o limited extent in light petroleum,
othenol end hoxsne bub is completely miscible with benzene, scetone,
diethyl ether, carxbon tetrachloxide and chlorof’nm.l’2

The degree of unsaturatlon of igsano oil is not aBourately
measuroble by Wijs or Hanuns jlodine value methods beemuse of conjugsied
triplo bonds.> The thooveblesl lodine velue as determined by
hydrogenation 1s 316.

This oil hes been the subject of several iavestigetions, but
when the present wozk was undewialken theve was no general agroement on
its chemical mabuve. The eavly work will be reviewed, snd since this
shows that the oll combaing scetylenlce and hydroxy acetylenic scidsa,
and oux present work confivms this view, the mnaturel occouvvence of

such aclds in vegeteble fobs will also be summarised.

S s
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Faltly Aeids of Tsano OI1

Sotarated

The presence of smell smounts (2 = 3 %) of saturated acids has
heen veporied by several worlcers-“?’"l‘"f’ »6 Behew »849 isolated steayic
acid from the oil, while Gasﬁllelo consldered coprole, capiylic, lauric,

polmitic, stearic and avachidic aclds in the oil.

Olefinle G-.l & Apids

- The presence of oleic, elsidic and linoleic aclds hes besn

gﬂepmﬂ;&aa@l"’é’ 7

Isonic (Brythrogenic) Acid

Oobadacml7-on=9,11=diynoie aeid (m.pt. 20°0) is unusual in
that it 1s one of the few aclds occurring vaturally as glycerides
which contelns en acetylenic group end slso a.vinyl group. Tarly

wo:eke:e:sll 312415

assigned the nemes lganic or exythrogenic acid to this
highly unssturated acld and Castillelo suggested two possible. strmctures
(I snd IT) Ffor this ncld, based on his observations that cotalytic
reduction geve sbenric scid aftor sbsorption of hydrogen (5 mols.)
gad tha®t ozonolysis ylelded formeldehyde and fomdle, oxalic and
adiple aclds.
v o GI’E2=CH¢ (0’9:2) % 2)7
II CH,=CH.C=C. (GI'IQ) 5 C=C, (0}12)7.000}1

»0=C.0=0. (CH,, )., -CO0H

“a
&
%

A
%
:
b




These deduetions were confimmed by Steger and ven Loonm‘ wWho

proved thet isanie acld was I and Gas‘s:lllels showed dihydroxyisanic
acid o be 17,18-dibydroxyoctodoe-, i~diynoiec ncid. Further evidence
for this sbructures came from Ammitage, Cook, Intwistle, Jonos and
\’J’hi.rbﬂ.ngu; who consldeyed the ulire-violet spectrum wepdried by Castille
was dnconslstent with stbructure II.

Black and Weeaonl? have syathesiged isanic acid by the oxidative
coupling of oct-l-en-7-yne and W-deocynoic soide.

The content of this aeld in iseno oil as reported by varlous

workers is sumariseod in Table 1.

Bolelkic Acid

Moade™® notlced that naturel isemlc acid eshibited s dlfferent
ultro~viclet spectrum from the synthetic acld as prepored by Black and
‘Weedon. The chsovpiion bands charactoristic of a diyne are present
bogether with ebsovption bands at longer wavelengths charsctoristic
of an enediyune chromophove. Ho lsolated this fmpurity (2 - 3 %) by
its dnability to form p uvea complex al -6%C. Bolekic neid in
hydvogenated to stearic acid adsorbing 49 mols. of hydvoflen :phd
shows els wnsaturetion by infre~rod aebsorpbion. '

Dupont, Nulou and 3%’0133.:‘.‘.qg).en3 igglated bolekic acld by
chromatogréplﬁ.ng igeno oil on & siliocic ocid ecolumun. These workers

stated the acid Yo be actaaec-'a?»emf?;llnﬁiynoie 2650
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Gomposition of Tsano (Boleko) 0311

Referonces 2 -3 b 5 6 7 KAV 12 18
Acid %

Ssturated -~ 3 5 3 8 0. o 2 -
Unsatureted - - - - - e 98 -
Taanic L L8 4l - A a o » %5
Isanolic i 3 L0 - W a8 @ o= - B,
Bolekic 9 3 - - - - o -~ a,
Linolenie - 6 2 - 3 o s - -
E'hhyleﬂic - e - 9 S - - - -
acotylonle

N Gnh;yarm{yn ot L - 30"2{.0 o Ed -~ - -
asvatylenic

O'bhars R - I.p - - - - - -

R
Y
4
kS
A
3

.
2
%

¢

o = gcid pregent, but percentage not given.

s = gmall amount pregent.

A = appreciable amount presont.

a¥= ingludes ceproic, cepyylic, lauvic, palmitic, stesrio snd

apvachidic acids.
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Iganolic Acid

Trom the hydrogensted mixed esters of isano oil Steger and
van Toon obtalned o hydroxy ecid (m.pti 75 - 78%C) which thoy
congldered to be a monohydroxy stesric seld not identical with
L2-hydvosy stearic neld. Rileyj -2 obtained o concenbraie of the
hydroxy acid by partition of +the mixzed sclds ab 0°¢. Hydvogenation
of this acid gave 8-hydroxy steavic acid whose gtiuebure was proved
by oxdmation, Beckmonn resrrengement ond o6ld hydrolysis of +he keto
acid. Keufmenn, Balbes sud He:m:‘i.ng‘&muf?;@ assignoed the sbructure
S-hiydroxyoctadoo=Ly=on=9,ll-diynoic acid based on o comparison of
the ultve~violet spectra of isanic ond isenolic scids but failed to
wplise that both spochbrs were contaminatod with a small percentage
of an enediyne chromophore.

L’Ieadﬁlg shoved thet two derivatives of 8-hydroxy stearic
acid, conbpining a diyne and an enediyne chromophore respectively,

WOYe Proscite

Bolekole Acild

30110308 jsolated from igano oil a hydrvoxy acid to which he
assiged the structure 8-hydroxyootadoc~lh-en-10,12~diynolc acld,
baged on degradotion products obteined from ozonolysis of the meothyl

e

egavor of the keoto acid.

e,

Noturol Acetylenie Acids of Glycexdde Owxiglin

Although the number of notural aceltylenic compounds is very 1ax‘ge,l" &0

the number ocecurring as triglycerides is folvly small. The mojority




G
of these have been dlscovered in the past two decadss, only two
acebylonic acids belng lmowa prior Lo 1940; many of them weve reporied

only duxing the courge of this Investigations

Toarivic Beld

Octadﬁe—é-ymié seid (bariric) was Pirst noted by Arnond® in

1892 an o constitment of the seed oil teririe (bitbevbush), Ploramie

Sowe (family S:i.mambzweaa); Steger and ven Loon2?

veported this acid
to comprise 95 % of the total Patby solds.

Ximenynic Acid

Octadec~brang-li=en-9~ynoilc acid occurs in the seed oils of

2Ly 25

the Ximenin genus (20 - 25 %) of the Olacacese family end. in

seversl mewbers of the Sentelum geaus (40 = 50 %) of the Senialocescs.
26127528 yren nydvoxyletod with perfowmic sold it gives 11,1248 =

hydroxyoctodec=9=ynaic acide

O01:a.6.ep~'bra:fm~11~trm1s-13~€lien-9~;moic. Acld was dsoloted from the

crude aclds from the bark of Ximenis smericsns roots by reversed

phage chromsbography . 28 The acid is also present in the cotyledons

of the mature plants, Hweet Quandong, Sentelum Acwninabum Dals”

Octadec=trang=1%~on=-0,1l=diynoic Acid

Although the geed fat of Sxocorpus eupressifommis Lisbill

e S Vampgy L




wllon

(Sanivnlaceae) contning 60 % of ximenyale oeld as glycerides, the
voots of the tree conbain a ot with octbadec~trang-l3-0n-9,11l~diynolc
acid Pomming B9 % of the mixed oclds.®? The structure of this 2eld.
vas assigned on the followlag ovidences hydrogenation offechs the
pddition of hydvogen (5 moles) and glves pure stearie acld. Oxidebion
wi-th neuteal pemm{gmmto geve velevic, omalic and azeloic aclids. The
infro~ved absorbs sbtrongly st 955 am.™t gshowing the ethyleno bond is

TIONG -

Octodec~trong~12-trong~1l~dion-8,10~diynole Acld

This acld was isoloted from the somatic lipids from the seed

Lot of the Lieptomexia ophyldla R.:Br‘zs (Santalacene)s The struckure

was proved by mild oxidatlon of the malele snhydride adduct whea
subexic aclid wos the moin dlcarboxylle acid fomed. The Lsomeric
octodec=13, 15~dlon=9, ll~diynolc acid is prosent in the roos Lipids of

- " 71
Sweet Quendong, Santalum fouminatum D.C.”

Debadoc=l5~0n=9,11 , L3=trivanole Acid

This eold &8 present in the rool 1iplds of the moture plents

of Sweot Quandong, Sontolum Acumingtum D.C. and is accompanied by

gmaller emounts of oobadec<l5,17-dlon-9,1L,1%-tviymole scld and

possibly oxygonated dewivatives of octadec~lb-ch—~9,11,13=~briynolc
P vk

acide .51




Uydvoxy Acids of Glveeride Oxigin

Long chaln hydroxy aclds avxe not common component aclds of
seed fatss Howover they oscur frequeantly, snd somebimes in large
anounta, In wool wax, iunsech waxes, baotorlal waxes, wames of

coniferous plants, brain Lipids, ebos.

deinolede Aoid or (+)-l2-hydvoryocindec—~cis-9-onoic acid is tho best

known hydvoxy olkenolc acid. It wos Lﬁr.s isolated by Saajmg‘llersg
in 1848 from casbor oil in which 1% dg the prinelpel. eongtituent
(91 ~95 % of the Pabby acids)s The present structure was Pirst
asalgied by Goldsobel?) in 189k and was confirned by Welden?* in the

3

some yeor, and geveral L workers fm.nco then.”

Logouerolic Acld (+)al.lz.~1wétco:§yra:lc%—-ll-emﬂ.c aceld is prosent in

Lesquexells, laslooarpe (40 ~ &5 %) ond L. Lindheimerdd (51~ 72 %). -
The pure methyl ester wos obteined by fractiongtion of the mlxed

I
’ ) - ne Q
esters botween acebonitrile - hoxanc.”

Tho position of the double
bond was dotermined by vou Rudloff oxidation of o-acetyl lesquerolis
acld. Infra-~rad evidence indicated the hydvoxyl group vias P vo the

double bond.

-y dromyontodec—cig-l2~anolc Acid was ©ivst shomn by C{vn-”*moﬂ O

be present in the seed oil of Hlvophanthus seumentosus (family

Apocynaceae) in which it fomus 6+6 % of the fatby nclds. This acild

%8
seems bo ocour genexolly throughout the Strophanthus genus.””




Dengipolic Acld, l2-hydroxyoctadec~eis~d=cis~lb-dicnole ncid, is o
Cs »

major constituent (50 %) of Lesmuerells donsipile (Cruciferae) 32 gme

struetare was deduced chemilcally by oxldative degvadation snd

corroborsted by n-m.v. spectra.

Bimoxphecollic Acld, Arbemislic Acld

Dimowphecolic geid, 9-hydroxyoctadec—trang—L0~trong=12-dienole

acld, 1s the chiof consiituent Patly acld (48 %) of the Dimorphothoca

n - ‘ " » l-o = a $ (3 »
auriontiocs seod oil (Gomposm‘i:ae)a' The giructure of this acld wes

& » -y l’.’ {34 Tl ‘v L o "
contimmed by Foatelld & who- showved. also that other species -~ Artomisis
" Gosmog end. Hellowthug (Compositas), Callisndre (hoguninosae), and
Bolonites (4ygophylleveae) - conthdn o nizxturve of 9~hydromyoctadoo-
trang=l0-cig-l2=-dienoic acld and Li-hydroxyoctadec-clan9-transgwlle

dienoic acid (Arvtemisic acid).

The seed oil of the Tragopon porrifolug (Compositoe) elso 5
» s : 50 - " 2'2 o " -
conbeins abous 4 % of Yhe conjugated diene hydroxy acids™ identified
a8 9=-hydroxyoctodec=l0,Ll2-dionolc acid and 1i-hydroxyoctadec-9,1ll-dicnole

acid. The double bound conllguration was either cls-irans or trans-cis.

Kimonymolic Acld, O-hydroxyootadec—brang-ll-cn-9-ynoic acid, occurs as

a mino® component in Ximenlo coffra oll. K3 Ioolated by solvent
portition, the acid was characterdsed by its ultra~violet sbsowption,

oxldation and hydvogenation o 8-hydvomy steoric acid.

Remlolenic Acld, i8-hydroxyoctodec=cls=0-brang-ll-trons-13-5rionoic

acid, dis Tthe major congtiiuent of kamele oil lMallotug Philippinensis
»




(Buphorblocene). It comprises up %o 60 % of the bobal Tatty acids of

% ” ; L,
this oil. The slrucbure wos proved by Calderwood and Gunsitone — and

A U5
Gupta ot alio. ™

More wecently, Hatt and Rec’lcli:‘ai’fga”"'(; showad the swid Lo be

present in vthe seed faots of the Australlen species of Hallotus, nemely

P

o

il. discolor and M. claoxyloidss

The firet known dihydrony acid occurring in seed fots was
94 10~dihydvoxy stearic, isolaied from cosbor oil (Rieinis commuls I.)

LI
ia 1925 by Hibner and Eﬁumz.ng*?sma. since then by o nuwber of others in

omounbs varyiag from 0°6 1o 2k %. The natursl acid is opticelly active

ond melbs ob 141°0.

Lhroo-l2yl5=-dihydroxyostedec-9~enoic ocld has been wroported

» a . - o l
to ocour in the seed oil of Cophelverobon coydofomus (Buphorbiacese) o

o 4 5 L . hg R
and in gomo of the Veraonla seed oils (Compositas) ’9. ulLoeh’ g has
recently presentved evidence to show that an epoxide~hydrolysing engyme

syston is present in the uvedospores of Pucclnls greminis. Incubstion

o the spores results in a poitisl conversion of 9,l0-epoxyociadeconoic
acid to (+)»--i:hrmo-&,10—-0:1.113:“61'0:«;;3?0c'i;e_.deoanoic eclds A gimilew enzyme mey

be present in the olls of the Caophalocrobon end Vermounis gencra.
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Scheme of Anolvsls of Isano 0il

‘PRI(.‘TLY('i(I'}RI;ZD]’!IS
i
TATTY AGIDS

j(‘i’i)
& ; \L ¥
P 1y H,
. . ‘ Law) '
OUTADECENYNOIC AGID METIVL RSTERS
| (v)
b T E
ACETYLENIC RSTERS HONOUYDROKY TSTERS DIHYDROXY BSTRRS
| (i) L(vias)
: J ) AGIDS
NON-ADDUGT TORMING ADDUCT TORMING , IEES)
’ (vii) - threo=9,10-dihyarony
& - gleaxic aeld
&g 18 (vii)
(92,1L0,130) (9n,11a,13c,17e) (vid)
J g
L5 T
(92,112)  (92,118,170) .

y < e
§2~hy'dz'ozw Cy . (92,110) S-hydxroxy Cn 5. (90,3108,1%0)
8-hydyroxy Cag (99411.0,1.3c)8=hydzoxy Cy g.L92, 10,1 3c,
e

17e)
The symbols indicete acetyleniec bond (2), cis-cithylenic honde), and

athylenic bond of ungpecified configuration (a).

(1) Saponificotion, oxtraction of waseponifioble moberial ond
acidification.
(31 Partition between 1light petroleum and squeous methanol.

§'3:i:i. Reversed phose chromatopraphys
iv) Hethylotion (MeOH - HGL).

(v) Neutrel alumine chromatography.

vi) Urea, fractionation.

vil) A@NO, - silicic acid chromatography.
viil) Hydrdlysis end seldlfication.

{ix) Recrystallissbion from ethyl acetate.




vl Dme

The seperation of isano oil into the camponeat scilds has been
aschileved by a combinatlon of partition bebtween light petbroleum and
agueous methanol, chromatogrephy on o column of alunina and of silica

impregnated with silver anitvetoy end ures fracitlonstion. (See vage 11.)

Isano oll was hydrolysed sud the unsepoalflsble waberial (6 %)
vas vemoved. The mized acids were dlvided into three fractions by

o -~ . -~y 1
partlition between Light petroleun and 80 % agueous methauoj.oﬁ

The scids
Tron each fractlon were subsegquently wmethylatved sud the methyl eaters
wave sampled on a Pye Avgon Chromatograph., The petrol fraction (P50 %)
conbained gsiburated, odlefinic snd some acetylenic seclds, a methznol
Praction, (Iﬁg, 12 %) contained acetylenic (80 %) and monohydroxy acids
(20 %), onother methanol Frection (M., 38 %) wes elmost entirely mono
and dihydroxy acidse

he poss:lb’:?.;l.:"r.'bies of rever@& -~ phagse chronatography as a
meanys of sepavatlng aclds was f‘L!.’S‘G demongtrated by Howard and Efiaz'i;i.naB 2
The mobile phaso is aguoous acctone aund the statlonnyy phase is liquid
pararfin contaived on s colum of kieselguhy which has becn made
non~wotting by troaiment with dlchlorvodimethyloilene. The acids of
the petrol fraction, (P), were loaded on Vo a column and clwted with
three portions of 48 % aqueous scetone., The Pirst Fraction coubained
018 eunediyne gnd 018 dyne acids, whilst the second freotion contained
spproximately 50 % of an euyne acid recognised by its ulivra-viciet

abgsoxption spectrum and iLtg behaviour on the gos-liquid chromatograph.




This method of separation wes evenitually shbandoned in view off the +time
tokon o run a colume ond the welatkively smoll Losds (100 mpg.) that
could be SEPATATE do

The M 4 sbors weve adsorbed on o column of neutral z—:lum:)’.naS b
ond sepsrated inbto non-hydceoxy estors (05 A b hys L Q %, eluted with bongene),
monokydroxy esters (3L L!! 0o 80 %, cluted with ether)y and diliydvony
asters (H’J-AB“ 8% , eluted vith ether containing 5 % of methanol).
The purity of each feaction wos delewvained by thin~layor and gage
Liquid chronabogrephy.

Bxamination of ulbra-~viclet and infra-red absorption spectrs

of the non~-hydvrogy Lraction I,;l Ay showed 4t to coutsla o wixiure of

diyne ond cls~ffeddyne csters. The cls~olefinie group mekes this

wolecule non-Jinear therehy reducing the Likelihood of fomuing o
uren adduct. The non-hydroxy oshers (m Ay ), subuitied to repeated

coystallisation with uvea at O C, gave o non-addunob-fomming fraction
(?.'il .&1’61 s 10 %), wich in enediyune ssters, ond aa adduct-Loruing
Praction (Tzil U,s 90 %), of slmoat pure diynoic eshors.
The ohility of olefins to form co-ovdinsgbion complexes with
certain metal lons has long beon vecognised, and the compounds Formed
between the silver ilon in pavvicular and a vaviety of uasaturated

hydvocorbons have been studied exbensively by Luces and his
%7

36, 6
co-workerg.”” Du‘bt0115 ot olia separated methyl olessic and methyl

elaidate b:,r counter-current dlgtreibution in the system isooc] Lmo/() 218
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silver nitrate in 90 % methenol, and de Vries”' wes albile Ho separate

cis and trans lsonevs by chromatography on a columm of silicic aecid

impregasted with silver altrate. This adsorbent hos slso been uged




oy

in thin-layor 01‘11"03113.'80@2’0;9}33]'»5 8 The frpetions I':T., A’lﬁl and I;Tlfs.‘"iip weve
further separeted, on a colunn of sillca lwpregnebed with silver nitirate
into esters conboining, snd esters not contoining, a viuyl group.  The
sepavations wove monitoved by infra-ved specbroscopy, which wes used

to deboeet the vingl group; 4dn somne Froctlong obsorpbion ot 1645 emfl
was proctically nil; in others it was such that the ratio of the
intenglty of sbsowplion ot the vinyl peak to thot of the easber peook
(1738 cmu"l) was close to thab measured wilth m:oﬁ;mfi undec-l0=en0skc.
Gag—-1llquid chronstography wes used only in o Limivted way becsuse these
clogely-volabod eaters in the P:Zi;‘\l Traetion weve sopavated into two pesks
only, one due to esters conbainihg the diyne chromophore and the other

duoe to asiors conteiwdng the eunediyne chromophore. These separation

procedures yielded four non-hydromy acidg.

Qotadao—-eigel3—~an~0 , Ll~divaole Acid

Tho w.v. spesctrum showed /\ 2iho5, 227, 239, 25205, 267, 282+5 v

1 MO
(E?L.%m.llao’ 112, 175, 317, 478, 378.) The i.r. spechrum shoved bands
ot 2248 cn. (CRG, 8%) and 1695 > (0=0,8%). The absorption ab
685 csaoml was zoro, indicating the double boad o be eisg. Wydrogenation
afferded steavdo aoid, ozonolysis gave voloreldehyde, ond oxidetbion,
with potessium pexmangnaste sad pobossivm peviodate, gove valerdo and

aoaandiolie acldg.

Nobadec~ela~ls, L7~dlon~<3, Ll~iynolc Acid

The vevs spectrum shoved A — 21h5, 227, 239,

]
1
8’

£
71

» 267, 282:5 mu




1% tr 3 Do K ' s
(@ m, +250, ’UB 181" 53l 50k, )9&) The d.ve spectrum showed
bands ab 2248 cm. (650,31;), 1690 emo ((; 058%)s end 1LOLS om, ™
(GI12=GI:I, 8%)e Hydvogenation geve s ’mws ¢ acild, omondiysis gove

suceindioldebyde, and oxidetion gove suceinic and nonandioic acids.’

Octadoe=-9,11=0iynole Acid

s

‘The wev. gpectivm showsd >\ms>:r:o 227, 2395 2525 m /Aw (1- 13, 12,

Iro) ‘The i.rv. spochirum showed bands b 2211.8 oo™ (C=C, 5%) and 1695

oma" (C=0,8%). Hydrogonation gave stearic aeid and oﬁézz:’oim, with
poi;a,r.a;'s:‘i.wa pormanganate and potessium pewiocdnie, gave a mixbure of

heptanoic and congudioic acldg.

Jotadoc=L7~cn-9, V1-divnoie Aold

The v.v. spochrur showed, }\ 207, 259, 2525 /A. (.L o 13, 12,

Haste laime

ho) The d.r. ppecteam showed bends ot 2248 em. (Cz:t,,,""), 1695 om.™"

(0=0,8%) and 1645 om.” ((}HZ-GH, St)s Mydrogenstion afforded steardc
acid and oxidation, with potagsiun pemmanganate axnd potassium perlodate

gove hezendloic and nonandloic acids.

Honohydvoszy Bators (11, 5..)
]2
Whe monohydrowy estevs, after hydvogenabtion, when exenined on
”
vhe gas-liquid chromatogreph, showed three peaks with carbon auhers ?
180, 1973, 1996, which axre Ldentifiecd as slearsio, ketostearsbte and
hydeoxyatearate, These asgigments were based oa the kaown chromnstos
grophle behaviouyr of these cogters snd on the changes in the hydrogensted

esbers when oxidised, reduced, and scetyloted. The throe componenty
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ox whe hydvogenated 12’!1 .A.g estors were separated on & column of newiral
olumine. Light pebroleun snd benzene (9:1) oluted wmethyl ntearato,
bonzene cluted motiyl ketostearabo, ond ether snd benzene (L:l) |
eluted methyl hydroxysbearatces Who kebostearaie and aa swtheatic
gomple of methyl l2=beotostearaite showed infra~ved a)morp’qion pm;).’:s

at L727 ome™™ and 1698 om.™" gue o esbor ond 63,1‘bony1 groups
rogpecuively, while only the fowmer peek is pwresent in the infrom

vod absorption cuvve of the hydroxy ostor.

The hydroxystearabe vos oxidised Lo ketvstearate, and this
end the methyl ketostesxate isolobted from isanc oil, wewve senorabely
treabed vwith hydeoxylemine fmd sodium acebobe, and then with
sulpburic e,cﬁ.clalg Undex these conditdons on oﬁma is foxmed which
undorgoos Beckmenn veavrengement ond ls then hydvolysede Ia each
cage oovtondloic and uadeeancvic aolds werxe vecogaised by gas-Liguid
chromgtogvaphy, shoulng thot the acids presents in the hydwogensted
I)I:LAQ fraction ave S-hydroxystearic and Swketostesricselis. Similow
conolusions were obboined by oxidotion of these acids wilth potossium
p@:mangmm'beéﬂ in scetic acld and ildentiflicoiion of the pvoducts by
pos~liquid chrometograply.

The ketositwerate present afier hydirogenaticon is considered 4o
bhe produced during the hydrogenation of tho unsaturated hydvoxy astors
and not to erdse from unsaturated kebo estors It has been woporied
vroviously that :ceaﬁc-bion of ungeburated hydroxy scid gives some kaeto
&o:?;rl,‘.61 :@feswa'bly through dovble bond migration. Hethyl keotostenrate

vosults durdung tho catalyitic hydvopenation of motiyl vicinoleate,
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methyl rieinstesvolate and methyl S-hydroxyximenynate (lsclaled for

the Plvgt tiwe fron Sontolwa Album scod oil), and from the i, .{l2

Freetion aflber reductlon w:’i.'bh- sodiumn boﬁuh;y‘dzzldﬁo In oddition,
obiempts o scparete keto compounds from bhe uohydvogenated esters by
Givard's reapgent were completoly unsuccessful.

Who }.111;2 fraction shoved the chavacteristic enediyne
chivomophore to the oxztent of 9 %. Sepavelion of the hydwosy esters,
inte o fraction countaining tho onediyne chyomophore, and a frsction
not conbplning this chromophore, by uwes frecitionabion, was unsuccosge
fel. The gilica~sliver aitvebte column geparpbes the hydroxy osters
into vinyl ond non~vingl fractions, bub esch fraction still contains
some hydeoxy enediynoic csbors

The non-vinyl fractlioo wes Found Ho contein S-hydromyoctodec—
cadiyavic acid and S-hydroxyocbadeo~9,Li-diynole anid, bosed on the
Pollowiag ovidence. The u.v. gpectzum showed /\ o e QL By 227, 2359,
25245, 267, 26205 mp . (Ih}?im

{C=0,5%) and 1695 em. "> (C=0,5%).

212, 37, 45, 52, 67, 52.) The i.r.
produced bands ob 2248 cm.”
Hydrogeustion afforded nmainly S-hydvoxysitearle ocld and oxldetion with
potasslum permanganste and povassium perviodate gave o nixbure of
hoptanoic snd oclaadioic aclids.

Tho vinyl fraction was found to contein gh C=hydromyoctodoc—
diendiynoic ocid sud O-hydroxyootadec~Ll7-en=9,1ll-diynole acid, baged

onn the Following ovidence. The u.v. gpectrvun showed >\ i 2105, 227,

QRa
£y - R "3"0‘1 ; 7 283 o
239, 252°5, 267, 282¢5 LV (.::alf;nh 197, 35, k6, 57, 70, 57.) The i.r.

- x - - o-:? -
produced bands ab 2248 on. - (C=06,50), 1695 om. — (G=0,5%) and 1645 o
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fehone of Mydroxy Group Pesition Detemination

Ol (CH, ) o GHI(OH) . (GI,) ¢ . GOOHE

Chvonium trioxlde/
ocotlic aclde

G:{I?, (GIIQ) 9 o C‘p() @ (Cﬂz)é \»GOOﬁ

HydvoxyLlamine/
godiun acélbate

I 'S P2 ( 1 * % 'I sl ¥ Y £ ?
Ci 3(0H2)9 ﬁ ((;112)6 COOH 011:3(01 2)9 ﬁ (cng) 4°C00H
HO-N N0l
Ge HE&O@ G HQSGZ;. (
J- v (
01—13 (cﬂg) 9,00,3}&:“ (cuz)é.coon caB (cxiz) 9.m,co. (Cﬁz) 000K
50 % Hgsolz_ 50 % :ﬁzso&.

Y v
CH15(GH,) - COOH. + 1L, (G, ). COOH  GiL, (GH,) oW, + GOOH. (CH,,) 5+ COOH




(GligaCH,,ﬁ"s)p Hydrogenation piforded S-hyavorystearic acld ond. oxtdntion
with poizasgivﬁ pemanganste aod pomcswn perdodate gave hexandlole and
octondiole acids.

The s.{*or'l;ez:’. chain degredation fragaonds obbtained fron the
oxldabion of the meall amount of conjugated enecdiyaole ncid in both
Tractions could not be adequately vecognised butb the hydvoxydicndli-
ynole acid in tho viayl froction con ouly be the 90,1le,1%c,1l7e¢ or the
10a,120510 0,170 - GS.S oold, and the fommer strucbuve is preforreds
By onalogy, The Za,jrfjrozz;\rezzaif.;yﬁmﬁ.ﬁ geld in the noo~vingl fraction is

yrobably the 9o, Lla,1%¢ ~ 61{3 2cid.

In this connoction, vieinolelc and vicinsbearolic neids vere
dograded with potassiun pemangangte and potossiun peviodate to
laovestigate tho beheviour of 4  uvnsatursted hydroxy acids to these
rapgents. Riclustearclie acld gove only two produchs, ildentified by
gog-Lliguid chromatogrophy and iafva~wed spectiroscopy as nonendiole

and F-hydrozyacnenols acilds. Rlecinoleic acid geve o wixtuve of produets,
the molin components boing heptanoic, nonaundioic and F-hydroxyhonsnolc
aclds. A G -hydroxy dibasic acld was not vecoguised among the products

of degradation of the igano hydvosy aclds.

Turther ovidence for the hydroxyl being & Ho the unsaturated

62

Peenl

systems dn the conjugated enedlyne acids is presented by Horwis.

The nesw infre~ved spectrum showed a chorp symmetvical band due bo
3 T e WY sy e di P 5 BEOA AL
hydrosyl strelehing at 3611 om. wilih no trace of o baud at 3580 cum.

Compounds with uasaturated centres Y to a bydvoxyl group show a froe

-
o

hydroxyl band near 7625 cme — and an sssociobed bydroxyl bond near

%580 cm."l due o intramoleculay hydrogen bonding of the hydroxyl
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group Lo the 71 ~elechron systom of the unsaturoted bond, wheveas
vieinally unsatursted hydroxy compounds show only s s:‘-_nglé nssociatod
bonde

S@heﬂ?g conzidered isano oil to contain S-hydroxyoctodsce=le=
on~0,L0=~diynole acid. After Oppensuner oxidation of the potrole
ingoluble mixed esters, he isclabed the unsatursted keto ester by
Girvard's reagent, purified it on en slumina columm, ozoniged it, end
rocognlsed butyreldehyde, glyoxsl and helf oster of 3I=kobononsndiole
nceld ss degeadation profucts.

CHL, (0112)2.CI:I=GI~I. C=C.C=C. Cﬂz’g’ (01-12) 6 0000113

CHI‘S' (0112) 2()H() + OHC.COOI + HO0C.CO0H + H.OOG.O.I-IQ.g. (GHz) 6.(3000}{3
The material submitted to ozonolysis vopresented 1k % of the total
osbers; no evidence for an secid of this stmciuve in such a lerge
omount wos found during this investligation. The two hydroxy enediynoic
aclds of uncortoin structure in the oil examined ald nob exceed 3 %
of tho tobal.

Other resetions carvied out to settle the structures of the
two hydroxy enediynoic solds gave inconclusive vesulis, malualy
because of the diffilculty of recovering end vecognising small amounbs
of weactlon products from wesctants which wexe alwoys mowe than 90 %
diyne ncids and less then 10 % cnodiynoic acids.

Sinco longechain acids contoining o hydrvoxyl group &« o the
double bond ave weodily dehydvated by hot glacinl ~cetic ssoia,')"o the

reagtion wng ensrried out on the M‘l A, fractinn as 2 rosgsible mesna of
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distinguishing between o end /) wnsaturated alcohols. Affter reactlon,
no change in the ulire~vioclel spectrim could ba observed even though
most of e fraction is lnown bo consist of the L7 acetylenie hydroxyl

compoundse

~0s0.0=C . CH(0H) oM, —SRGLOLCIRG S 6aq, 0. G0

I'I?/Lim'-lla:a cobtalyst

-GHBCI‘I-CHRéI‘I»CH(OH)Gﬂa ﬁl“’*“ﬁﬁig"‘m" > mGHmCH. GHaCH. GH=CHe
Lt appears that acetylenic hydroxyl compounds differ DLrom thelr
ethylenic snalogues in this vespoct, for sfter semi-hydrogenstion in
the pregence of Lindlar's catolyst, 63 the ester was dehydratod pnd
the profuet showed strong trienc but no tetreene ebsorption. It is
uncorbain whebthor this indicnbes thob the cnediyne selids have their
hydroxyl groups Bf - to the uvnsaturation, or whether, in the partlal
hydrogenation, the small amounts of hydroxyenediynolc esters hove
beon yeduced boyond the hydvoxytriens stage,

Iddhinn alominium hé,ras?ic'lﬂ :felc’inoea % acobylenic aleoholy Go
vrans~olefinic cldohols but does not wreset with /34" acelylenic

gloohol.ge

~GE0~CEC-CII( OIT) = LA S CRGnCHRCH-CII(O)
wGH=GH~CECSCEG~GH (O - UL S O G CHmCH-CH (O

~GH=CI-GEG-CmCn(CH,,) 011 (01) -~ 2 Zor1aGr-020-020- (01, ) ~0H(0)-




Vhen, the hydroxy osbers (IﬁAg) vere reduced with lithiwn sluninium
hydedde thero was spectroscopic evidence of o now enyue chromophore
vesulting frow the diynoic hydroxy esters, bub it was lmpossible bo
decido vhether there had been any change fyrom the ensdiyae Lo a
dlonyne chromophore as the positiong off the sbsovption mgxima of
these bwo chromophores arve very similay.

The oxidetion of the hydvoxy esters with chrotium trioxide-
}_:»yrid:lnej"'o and manganese dio:d.aeé)*" hag elso been exomined. HMangenene
dioxide in o solechivé reapent, oxidising only rxﬁ wngaturated alcohols

‘o C»F ungaturated ketones.

(V] Touel } 52 = 7 1Y Hnigf* M ) A =i ...
~CH=CH=GEC-~C=C-CH (0l - TR0 7w ~CHaH c.-(;-.cmcog
~CH=CHAGRC~G20~(011,,) ~CH(0H)= Lxloayr s ~CH=GII~00-G=0=(0I1,) . g..

Although boih of these vepgonts oxidised o1l the hydvoxy estors to keto
estors, (the absonce of any wesiduol hydvoxy csters being confivued
by infro-red absorption end thin-loyer chromatography), the ulirpe
violet shgoyptlon Indicated the presence of o -0=0-0=(0-0=0 but not
of pny ~Cl=CH-C=0-C=C-0=0. The absorption spectrum of the
wCH=Cl~(=0~(50~0=0 chromophoro is not wocorded in the lileoratuve,
but Bohlmonn and Ilerbst65 have veporbed the speetrum of 01-23. ( U‘:‘G)g.
CH=CIL. GH0.

The silice~gilver nitrate column sepavated the keto esters
into a vinyl and o non=vinyl froction pod oach fraction, after .

hydrolysis, ond oxidation with pobaossium pemmanganste and pobassium




pe::’zloﬂa’ue; gove the same degredation products as for uasaburated
hydvony estors. After hydvogenation the keto sshewrs were exonined
by pas-<liquid chromatbograply showlng four pesks due Ho steareie,
ketosbesreto, hydroxystearate and an unknown compound of carbon
muther 118+6% (Aplozon 1) and '29°1* (Qi-I)e This ester was
maffected by sodivm borohydride reduction and wes isolated by

adsorption chromatography on alumine sas a Liquid of molecular formulo

019H3603' Todination, i'oliowed 'by‘ mdmc'bion with activated zine in

the presence of anhydwvous methanolic hydvogen chloxide, gave methyl
ghoars 67; oxidotion by chromivm trioxide in acetlic acld gave mainlit
octondioic and nonondiolc acids. This oxidence suggests that the uwakaown

ester is probably o 5= or G-membored oxygon heterocyclo.

The Dihydroxy Lster

The fraction LA, wich in dihydroxy esters, vwas hydrolysed.
3’ s .

" " ’, Y, ) ( 0
Crystelligotion of the product from ethyl acelate 6 at 00 pave
thoeo-0,l0~dihydroxystoaric acid. This did ndt depress the melting
point of an suthentic semple, aad was oxldisced by potassivm pormengonate
P PHCy ¥
o nonanoic end azelalc acids. This dihydvoxy acid, comprising 2 % of

the mized acids, hos not previously beon veportoed from the seced oil bub

I
may be voloted bo the epoxy acid dscovered by Mom*ls."z

S g
Harese el

i
3

- m.cr‘- .
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Igano oll ig seen o be an umusual seed oll in that it conbaing
wajor proporiions of five U, acelylenic noids (51 %), four 8-hydroxy Cqg
acetylenic aoids (22 %), and threo~9,l0~dihydvoxystearic acid (2 %).

Tho rosults of o quontllotive study’” of this oil are swmerided in

Table IV.

Pty el ]

Toble IV

Gomponont Aolds (%ewt) of Iseno OiL

Saturated aclds . it

(Cyy, W Oy M Oy 1) 6
Olofinle acids

(cleic L, Linolelc 3%) 19
Acetylenic aclds

(925110 I%; 9a,lla 1Ghs 9a,1llayl7e 32%;

O9n,1la,l3c s 9o,1Lo,l3c,172 6F) 51,
S-Honohydroxyacetylenic acids

(9oLla 4%; 9a,lle,lic 1%;

9n,1la,l7c 15%; 9a,1la,13c,17c 29%) 22

0, 10=-Dihydroxysteaxic secid 2
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Thin-Lloyexr Chwromabograpky

Thin layors of kleselgel ¢ (eccording to Stokl) weve appliod
o plates (20x5 cm.) in o thickaess of 250 ) by o comerelal
applicator. The plotes, dvied ami activated by heating at 110%C for
hald an hour, weye sboved in o degiccator. |

001 ml. of a chlovoform solutdon (10 %) of the ester mixturesn
was opplied to the plates 1-2 cm. apart on o Tine 1-2 cm. from the
‘bo*béom of the plate. The 151':,1:55 wore deveioped. by oscending lution
in secled gns jevs contaiming eluting solvent to a depth of 05 cine
The Jows wewve Lined with solwvent~poaked ;E‘&.l’seaf paper to give n
vapoun-gabureted atmosphore in the jor. The spots wore made visible
by exposurve to Lodine vapours

Bilver nitrate impregusted plates.

These plates weve dmpregnated when vequired by spraying with
a setureted methonolic solution of silver nitrate. After sproylug,
the plabes weve dried for an hour in an oven ob 110°C. Semples were
opplied, and the plates were developed as described previously. The
gpobs woere made visible by spraying with o 042 % solution of
2%, 7' -dlehlorofiuovescein in 98 % etlhanol, end viewlng under

ultra~violet light.
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Gog~liquid Ghromebogrophy:

Gas chromptbogrephy of the methyl eslers was cervied out on a
Pye Argon Chromptograph with o Srg Op voy lonisstlon detector. The
glagss columns, which were 4 feet long, wove packed with either 5 % or
10 % Apieson L greose on ollkali-~washed celite 6:::' 10 % 'Dcr-:a-Coi'niﬁg
fluoro-pllyl silicone polymer (OF-I) on uni:ma’hed ‘calite{ The columng
weve opevabted ot 100 «200%¢ with an argoa flow rate of %5 ml. per
minute. Semples either ag liguids or as cther solutions werve injocted
by stopping the gas flow, vemoving the gas lead, dischorging the somple
from o 0°025 ow 041/41« pilpetie, replacing the gag lesd and resboring
the argon flow. Retentioa times were meansured from the negative air
posks and the vesulis ezpredsed as carbon mmﬁnersa ? viieh were found
from a straight line plol of loge 'V‘R for o venge of suiltable standards
against chain length of the saturebed acids.

Acidic products wewe converted to the mebthyl esters by vefluxiag
for 2 houfs with » tuwonby-Lold excess of dvy methanolie hydrogen chloride
(05 N)» At the end of this time water wos added and the methsnolic
solution wos exbtracted with othor. The other wos waeshed with 05 N
spodiun bicarxbonate o wemove mineral acid, then with waber: it was

dried over anhydrous sofivm sulpbate.

Ultra-violet shaorption wos measuved on o Unleam SF700 uslayg

methanolic solutions, and infrao-ved gbgorption was measured on thin

Piluas with o Grubb-Porsons GS2A double beom grating instrunent.




hydrozxide (400 ml.) fo one hour in an almosphere of nitrogen. Woler
(2 volunes) was added and tho unsaponificble matior (6 %) was
exbracted with ether. The fobly sclds (27 g) wore libevated by

acldificatlion with 5N hydevochlorlc acld and exbracted with ethew.

Portition of the Mixed Acids belween Aqueous Methanol (3:1) and

" 51
Iiieht Po '%;rolem_y_"

Tdght petroleun (LL00 ml.) and aqueous methanol (800 wl.)
wore oquilibratod by shaking bogether in e sepavating funmel.

To 500 wl. of light petroleum in fumel L wos added 3%+20 g.
off mixed acids, ond 200 ml. of the same solvont was placed in fumels
243 and he Aquecus wethonol (200 wl.) was added to the fivst fuymel
ond aftoxr equilibration was passed to each of the other three fumels
in . This wos followed by thive similor powdions of soweous
nethanol. The dlstribubion of the aclds wes os Pollows:=

Light petroloum solubions Mothauol extrects

No. of fractlon 1y 2, 3, & Ly 34 25 L
Veight 16252 g. helb g 1253 g

{50 %) (12 %) (36 %




bl AY L
Table V
Corbon Nuwbers Practions Tdontity
hplezon L QUI iy M, »
1240 i2-0 - - + Lauri.c
10 PR - - Myiristic
1640 160 - - + Palmitic
17¢6  18+0 “  wm TLinolode
1748 1840 - - + Oleidc
180 18+0 - - 4 Stegrdle
1845 “ - - + Xinenynic
19+3 250 + + & 01893,,11&,130
61893,’11&’ 130’ 170
197 22+0 _ - + = G189a,,11a
31 895!.. 119.’ 173
209 23065 + & - Hydroxy acids
+  present - absent

The pymbols indicato acetylenic bond (n), cis-eithylenic bond {¢)

end. ethylenic bond of unspecifled confipguration (e).




Ultra~Violet Speshrs of Thyvee Fuactkilns

>\ oz, e S5 227 239 2525 267 28245
Ei% Methanol (1) sH, 260 66«7 72 78 89 80
G Mothanal (24 5,k §11,, 295 63 69 87 109 89
Potwol(ly2,3,0) 3P 152 32 3% 37 50 4l

The aclds in each fraction werve suvbscquently methylated ond

sompled on the gas«liquid chromaibograph ot 200°G. (See Tablo V).

Sepam'irlon of the Acids of the Pobrol Frocbion by Reversed Phase

»
32
Chronatogrenby”

Materdiols

Noa-zr@ﬁb:v.n{; lesolguli wog propored by exposing Lo the vapours
of dichlorodinmethylsilene in a portlelly evacusted desicoators 'The
siliconised material was washed free of acld with methenol and dried
ot 110, Liquid paveffin wos neubrelised by Lilbration through o
columm of pluming.

The gstatlionovy phaze was Liguld paraffin on giliconised

klegelagthyr (7:5).

The mobile phase was & Yoage of aqueocus acetones.




Proparobion of g Golumn

75 go of the LLquid peraffinfkiscselguhe was pouved into the
soluma (35:L°3 cma) as a sluvey with 70 % aqueous scetions. The

mixhure of fably scolds (100 ng.) was mized Into a sluryy with

paraffin impregeated klesclsuhy and 35 % aqueous acetone. Deforve . -

Loaddng e acids 10 ml. of 35 % agueous acetons was mun on Lo the

colnmi.
Slpbing olveny ' Voleght (mep)  Coxbon Nawbors ((1:C.)
{1) 48 % Avetone (250 wl.) . . 12 199 3,947,
{2) 48 % Acedone (250 wi.) 20 . 1B8eB,1943,197.
(3) 70 % Acetone (250 wl.) 37 1240,1420,16°0,

3‘7‘ 3,3.?*6’18"3;

The ultra~vloled sbsoxption maxime in my Procticns (1) end

{2} sre wecorded belows Values of E?‘L?é’m ara in povenbtheses.
L

A

RLh-5 (290), 227 (62), 279 (67)s
25205 (86), 267 (10L), 282°5 (87).

(2) )\mm 229 (290)s

8K

0
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Separebion of the LA, Egters dnto Two Pinetions by Ures Froctionstion
whe S 7

Ureo, (13 g.) wos added to o solution of the M4, ostors (2+65.)
in hob nethanol (78 mi.). The solﬁtion wos left Lo crystallise ot
000, and the sddvet filteved off ond washed with methanol previously
saturated with urea. Weber (150 ml.) was sdded to the filtrate, tho
osters wors exbrocted with ether (3x50 nl.), ond the etherecsl oxtracts
woshod with webew, dricd (sodium sulphate) ond evaporated. After
vopeating the above process five wimes, a fractioan (M‘.LAlUl, 250 mg.)
of eglbers enriched 1n enediyne chromophore wos obtained.

The addnet was decomposed with water, exbracted with ether
(2250 ml.), ani the ethereal exbracts wove washed with watow, dwvied

(sodium sulphate) ond eveporated, yielding Liquid estors (},T.‘_Aqu;' 2e2hie).

>§max. mp. 25 227 239 252¢5 267 28245
P WAT, 1250 118 18k 33 504 398

Clile.
% gy o 13 12 ! -
Tom. MUy ¥ *‘ =




Separaiion of the Ureg Wractions by Siiver Nitrvale - Silicic Aeid

Colunn Chronsbogeanly

.
Proporetion of Silver Niteabe — Silicic Acid Adsovbent’ /

Silicic acid (L00.g.) was suspended in aguecus solublon of
gihver nitrate (200 ml.) =~ snalytical geade (500 g« silver nibrate
poz 1itre). This mixbure wos heabed for 30 mimvbes ol 200°C, and
afer cooling bo room temperaimve, bthe wass was filltered off on »
puchney funnwl, and deied fov sixbeen houws ab 120%.  After gvinding,

the adsorbont was xeady for wge. It conbains 0427 g» silver nibrate/g.

Propavatlion of the Golummn

A mizbure of edsoxbent (L0 g.), Hyflo Super Cel (5 g.) and
Light petroleuwn (50 ml.) was healed bo bolling for 5 minubes while
gbireings Afbew cooling o woouwm temporvabure, the gluryy wes brought
into the chromatography tube. The colium was cocled with bap water

(17963 and. shiclded Ffrom 1ighb.

A solution of methyl esters whish did not Foim en adduct with
ures (250 mg.) in Light petrolemn / ether (421, 5 ml.) was edded o
the colwm. Blublon wes caviied out with a further 100 mil. of thisg

SOLVEI e
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Proction Solvent(ml.) Veipht(mg.) % Tinvl as shown by I.R.
1 10 - -
2 10 ¥ -
3 10 30 -
b, 10 1. -
5 . 10 1 -
6 10 10 100
7 10 X 100
8 10 80 100
9 10 h6é 100

10 10 3 100

The purity of each fraction wes checked by ‘hin-layor

chyronntogrephy on silver uitrate dwmpreguated plates.

A

o7
o
lcine

5
chm,

moEe

Practions L « 5, and also fractions 6 « 10, were coubineds

in /A @ 2112-.5
(1-5) 1180
(6-10) 1250

22 239 2525 267

112 175 517

118 181 33

A

478

50h.

2825
378
398

A similax geporation was cariied on tho fraction of the

esters (Mll\l) foming on odduct with uroa.
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Tractioa Bluont(nl.) Woighit(mg. ) % Viayl as showm by T.R.

1 10 - -
2 10 17 -
3 10 29 -
L. 10 1L -
5 10 2 .
6 10 1 100
7 1.0 36 100
8 10 82 100
9 10 39 100
10 10 5 100

Ul bra~violet Absorpition

kmm_ mp o 207 239 2525
‘17;131. (a-5) 13 i I

7 .
]'I:'l_’; (610 12¢5 1145 A

von Budloff Oxidetion of Unsaturstod Aeids

The estors wore hydrolysed by refluxing with a 100 % excess of
0+5N sodium hydwoxide fox J. hour in an atmosphere of nitrogen.

The acids (60 mg.) were dissolved in a solubion of potassium
cavbonste (380 mg.) in wator (32 ml.) end a solution of potassium
porviodate (1300 mg.) and potassium pemongonate (15 mg.) in weter
(6h ml.) wos added. The mixbture was sheken For 24 hours at woom

temporature and the excess oxldant destroyed with sulphur dioxids.




(Vhen products of low mokecular welght wore empected; this solution
was neubrplised with pobassium covbonabte and reduced in volume to

10 ml. on o robayy £ilm ovaporator.) The acidified solution was
saturated with sodium chloride and was extrected with ether (5x%0 ml. )
Tysporation of the ether afforded the acids (69 ng.) which were
estorified with melthandlic hydrogen chlovids and exemined by
gas=liqulid chvomatography on both Aplezon I and Qi'-I columas ot

oppropyiate temperatures.

Betor Vinyl U.V. sbsorption " Degradation Structure
TOUD. 1 products
G \ > -
B e zifcm_ mono. die  (Cyq acids)

21025, 22752359, 25225 ,267, 28245

MAUy  MEL 1180, 112,175,317, 478,318 Gy Cy  9a,1la,13c
MpAUy 100 1250  118,18k,334,50k, 398 . = CCo  90,1la,130,17c
AU, WL 13, 12, & . G, Gy 98,1la,

w AU, 100 13, 12, & -~ €8y  90,1la,17¢

o = acetylenic hond
¢ = cla~othylenic bond
e = gthylenic bond of unspecified configuration
‘The infra~rod absorption in the 960 cm»'l vegion wos zero

showing that the A 3 ethylonic bond in acids Tei'AlU., ig cise. ®
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”h@ Hydyvoxy Betore din Fractlon 1‘\-'!1&?

The estors (250 mg.) of Prootion 4, in methonol (30 ml.)
weve hydrogenated by shaling in an a’anoszghem off hydrogen foxv 2L
hours, using o 10 % pelledima / cheveosl (50 mg.) as catslyst.

The catalyst wos filtored off snd the Piltrate evaporatedto drymess,
affording the seturstbed osters (241 npg.).

A solutlon of the saturnted esters (250 mg.) la light
petrolewn (10 ml.) wes adsorbed on neutral aluming (15 g.) on o

column (241 -2 Yo ).

68
Huont Weilrht Molbing voint (1it.)
(50 mi,) (mg.) enter a0id.
Tight potroleum o5 3845397 71 2-71-7°
(37-8) (70-1)
DBeonzone 38 45 5alif B3=3%5
(462521649 (83+6-83-38)
Bhex/Bongene (1:1) 158 55555 80°5-812
(95-3-55'6) (81+5-81-7)

AL these froctions showed en ester pesk (1727 om. "1) in

thelr infro-ved spectrs but only the second fraction a carbonyl

peck at 1698 ane™,




Oxldation of the '}Ijrt'_m{gen_.axbewl_l_xﬁ Egbexs with Chrowium Trioxide

A L0 % solutlion of chrvomiuwm trioxide iu acetic ocid (024 ml.)
was added o the esters (60 mg.) in acetio acid (06 ml.). The initisl
roaction wos exothemic and was moderaoted by cooling iun ruwming wobor.
Aftexr 30 minutes at voom temperature, the mixbure was poured into
water ond the excess‘ oxidant degtroyed with sulphur dioxide. The
product wos exitrvacted with ether (3%30 wl.). The etheresl extracts,
afbor washing with sodium carbonate ond viotew, weve dried (sodiwm

sulphatd) and the solvent evaporated affording the esters (57 mg.).

Reduotion of he Hydrogonstod My A, Hstors

| Sodtum borvohydride (hng.) wes sdded to a molution of the
osters. (50 ng.) in 95 % methenol (0,5 mi.)s Afber ton mimites, waber
(5 mls) was added ond the solution heated %o boiling. The roduced

esters (L7 ng.) were récovered by other extraction.

Acetylation of the _H;{'a:cogena.‘c%‘aﬁ: ;M:LAE Batoxrs

Tho mothyl ontors (50 mg.) were vefluxed for two hours wiih

a 1:3 mixture of scetic anhydride end pyridine (5 mi.). The solution
wag povrad into weter (30 ml.) and extracted with ether (2x50 ml.).
The ethoweel exbracts, after {’:ashing sevarel vimes with dilute

hyarochlowic ocid snd wober, afforded n clear oil (46 mge).




Cazbon Numbewrs (Apiczon L),

Hydrogenoted WA, 18- 193 196

At tor G0, / scebic peld  18+0 19°3

Afber sodium bovéhydidde — 18°0 19+6

Acotylation 1840 19¢% - 19075
Tdentity svearate keto hydroxy agatoxy

sbenrabe stesynte stoarabe

Qaddation of S-hydvoxysieswic fcld with Pobossium _Eamang_am&e@

To the hydvoxy esters (40 mg.) disgsolved in Analay scotio acid '
(1. wl.), powdered potassium pemsngsonte (200 mg.) wes added
porvionwine so that the Lempekeburve 814 nob exceed 50%. Afier thwee
hours ab 5006 the scetic scld wos vemoved wnder veducad pregsure. The
vesidue wos diluted with water (10 ml.) contoining some sulpmric seid
and decolourised with sulphuy dioxide.

The wesulting monobasic aclds were extracted with 1light
potroleum (2350 mls). Bvaporstion of the solvent gave acids (15 mg.)
whloh on esterification (methenolie hydrogen chlowide ) snd ssmpling on
the gae-lliquid chrometograph gove poaks aamsponﬁﬁ.ﬁg to undeconole
and. decencle a“c'la,s_ with minor smounts _Q:ffg‘;;?z?.g%‘lanaiﬁ and octanole aclids.

The dibagio acids were exmbracted with ether (3xH0 ml.) after
satureting the solution with gell. Beterdficetion of the vesidue
(5 mg.). oftor sa_vwéi%%oﬁ of ’ché solveat, snd sampling on the geseliquid
chromptograph gave peaks corvesponding to octoandiole -and heptandloio

acids, accompanied by minor smounts of shorier chain dibasic scldse.




Oximaticn, Beclmann Ekeam'anggmen't and Wydeolyais of the Keto .Tﬂsi:emlg
A solution of methyl esters of O-kelooctadeconoic acid (95 mge),
hydroxylemine hydrochloxdde (60 mg.)s sodimm acebate (90 mg.) end
vator (0°2 ml.) in ethenol (2 ml.) was boiled for two houws. Water
(h mle) was then added and the sclution exbracted with cther.
Gvaporstion of the ether efforded mixed oximes (90 mg.), which wore
heated in concenbrated sulphuric acid (1 ml.) for one hour at 1.00°¢ ’
the solution diluted with woter (L wol.), and refluxed Ffor Ffour hours.
The mixture was furbther diluted with water (20 ml.) and extroched with
ether (5220 ml.). Tveporation of the other gave a mixbture (79 mng.) of
undeconocic and octondioic acids, identified by esterification
(methonolic hydvogen chloride) and sempling on the gos-liquid

chromatograph.

the Seporatlon of the Mothyl Hstors M A, on o Silver Witrate = Siliclc
R pit . [

Acid Column

The column was preparaed as for the non-hydroxy esbers Ml}..\l.
(see page 32)

The mothyl hydroxy esters (Ml}.z,. 250 mge) in a solution of
Jight peteolevm / ether (3:2, 5 ml.) were adsorbed on the column and

oluted with this solvent mixture (300 ml.).
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Praction fluont{mi.) Weﬁ.gh@;(mg.)

% Vinyl as shown by I.R.

1 10 5
9 10 20
3 10 19
h 1.0 7
5 10 | 17
6 10 30
7 1.0 57
8 10 b,
9 10 28

10 10 20

100
100
100
100
100
100

The purity of each froction was checked by thin-layer

chromabopgmaphy on silver nitrate - impregnated silicic acid plates.
feay 2

Proctiong 1<k, and also fractions 5«10, weve combined. DBoth

frootiong were hydrolysed ond the secids oxidised by potassium

pemmanganate ond potassium pevdodate. The products wore esterified

(nwthanolic hydrogen cHLoﬁ.dﬁ) ond the results obtained are shoun holow.

Traetion U.V. absorntion
>\max. Tt CMMe
2Lh 5y 227, 239, 252°+5, 267, 20825
1 -~ 4 212 27 k5 B2 67 52

510 197 3B k6 57 70 57

Degradntion  Structure
prodilchs (8-hydroxy

(a0ids) Cygy aclds)

HMono. Di.

C, G  9a,lla

Gg Gy 9s,1la,17¢

a =~ acetylenlo bond, e ~ ethylonic bond of unspecified configurstion.
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Abvemnted Dehvdretion of the lHydroxy Baters (I-.;!l.lx +0

The hydroxy esters (100 mg.) were heated with glacial acetic
acid (12 ml.) fox Four hours, water (50 ml.) added, the produch
extracted with ether (50 wl.) and the ether exbracts weshed several
times with weter to remove the ascetic acid.

The ulbre~violet absorphion spectrm off the produeh showed no

change From that of the stariting matorial.

Reduetion of M. A, with Hydrogen / Lindlar's Catolyst

The bydroxy esters (330 mg.) in ethyl e8etote (10 ml.)
containiag c,minoli;m( 50 mg.) were semi-hydvogenated to olefinie
egbtors by shoking in an atunosgphere of hydrogen with Lindlar's
cabelysts (300 mge). Tiltration of the eatalyst and removal of the
solvent gove olefinic esters (289 mg.), which were suceessfully

dehydreted with asceble acld as shown by the following speectroscopic

vesults.
g - 2.2 >\ KN 3 % -
After reduction — 235 M . (%cm- 725)
@
e mars  wn oa el oan - o 2 gy ol it [ /9
Af'ber reduction snd dehydretion >\ma_. - at 265, 275 (Ei ik 12145)
ond, 287 m./'i .

Beduetion of M, A, estors wlth Idthinm Aluminium iydwide.
[

A solution of the hydvoxy esters (300 mg.) in dvy ethew
(25 ml.) wos added dropwlse to Lithium oluminium hydride (300 mg.)
suspended in dry ether (25 ml.) and the mixbure was refluxed fov
two hours and alloved to stond ovornight. Sufficient wet ether was

added to decompose the execess Lithium sluminium hydyide, shd the




-ul},*.z—u

mixture extrvacted with 10 % sodivm hydroxide to remove inowganic
wptber. The ethereal solutlon, after dvying (sodiunm sulphate) and

«
ovaporation, yiolded slcohols (286 mg.) >\mn 229 mu .o (Ei':m. 637),

e
21(.0 (infl@)ﬁ.on) v

Oxidation of tho M A, Bstors with Chromium Trioxido / Pywidine

A solution of the hydromy esbtors (600 mg.) in doy pyridine
(3*5 ml.) was added to a solution of chromium trioxide (700 mg.) in
dry pyridine (7 ml.). The mixture was shoken for 2k hours st room
tomperature, ond was then diluted with water end extracted with
ether (3x30 ml.). The combined ethor extrembs weve weshed with 2§
hydvochloric acid ond then watery dvied over sodiwm sulphate, and
o¥aporated. The product, o dovk veddish oil (558 mg.), wos purified
by filtretion through o column of neubral aluminp.

The infra~red absovbed ab 1727 om. ™ and 1667 em.™* aue %o

an ester and %3 unsaturated keto corbonyls wespectively.

Ulire~violet absovpltion 2145 207 240 252+5 267 2825 1
F‘i‘%m. after oxidetion 305 136 157 186 228 193
Eg'_%m before oxidotiom 201 55 56 6L 68 56
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Proparation of Monmenese Dioxide

A solution of manganese sulphate (111 g.) in water (150 ml.)
sod e solution of sodium hydroxide (40 %, 117 wl.) were added
sinul taneously during one hour Yo o holt stirred sdlubtion of
pobassium permangsnate (960 ge) In water (600nl.). Wanganese
dloxide wos preogipitated soon afber the stavrd ds a fine brown ‘sali'é‘n.
Stirring was contined for a furbther hour and the solid wes then
" filtored and washed with wabler uutil the washingsd weve colourilesnsa
The solid was dvied in an oven sl 120% end ground to o fine
powder (90 g.) before uge.

Oxldobion of the M A, freciion with Henganeso })5.0355.6{(161"

The hydroxy estors (620 mg.) wore stlrved with manganese
dioxide (642 g¢) in benzene (100 ml.) for three hours. After
Pilteation of the mangenese dioxlde, eveporation of the beunzene
yieldod keto esters (612 mg.)e

The infra-red absorbed at 1727 omr (esber earbonyl) and
1667 em. ™ (op unsaturated ketone).

Ultra~violet sbsorpblon 2145 287 239 252°5 267 282°5 n o s

-

Eﬁm ofter oxidation 200 134k 155 18hL 22% 190

o7 =
?E’}g:/gm before oxidabion 201 55 56 61 68 56

Thin-Layer chromatbogrephy of the keto esters showed only one
spot on aun untreated plate but dwo spots oh o plabte lmprespated with

ailver nlitraio.

N

>
4
R
?
5

s
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Iydrogenation of the Keto Bateks

The heto esters were hydrogenated and tho product wes (a)
reduced with sodlwn borohydeldo and (b) oxldised with chromium
riowide / acobic seld. Tach producth, sampled on the gas-liguid.
chromatograph, geve the vosulius sumnarised below.

Carbonn Numbery

Uydrogonotod (Apiezon 1) 18+0 18<6 19+3 19+6

keto esters (o7 - T) 3840 19°1 232 22¢0

After sodium bovohydwide (Apiexoa L) 18¢0 186 ~ 1946
radnetion (Qr - X) 18¢0  19°1 = 22+0
AfPber chromiwd btiioxlde  (Aplezon §)  18°0 = 19¢3

acetlc acid oxldation (oF - I) 18°0 232 .

The hydrogonabed keto ssters (250 mg.) afier sodium
borohydvide weduction were loaded on 40 a column of noubrsl olumina

(i5.g«) end separebed into threeo fractions.

Bluant Volame(nl.) Welphit(ug.)  M.Pt.

Tight petroleua .00 1.0 38:5-39°  sieavate
Benzene 100 52 1iquid unknowm
Bengene / Bther (L:1) 100 179 54o5=55°  hydvosy-

stoarato
The infra~red spectrum of the unknowm showed no umisunl
Poatures. (Found: C,72¢k; H,1le2. Calc. for 6191{3603: Gy73°0;
U,10-54) Vhen treated with chromivm trioxide / acebic aeid it was

degraded, malaly Lo octendiolc and heplendioic acildse
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Ghoin ~ Lengbh Detominstion of . the Unidentifiecd Oxildation 1’:-?06110‘{;6'7

ha esbers (50 mg.) viere heated with lodine (250 mg.) ead

1

red phoschorus (600 mg.) For one hour at 100°C. Aftor d:i;Lu‘i;'lon with
wator (50 wl.) and extraction with vther (2350 nl.), the ethew
golution wes weshed with e 5 % solution of sodium hydrogen sulphite,
dviod ond ovaporated. The product was dissolved :'Lﬁ 10 ml. of 6 5%
golution of methanolic hydrofgen chloxide gnd boiled vith activated
zinc for four ho{trs. Biltrotion, ‘d:llutichm vith weter (50 ml.) and

extracted with ether (2350 iﬂl.) affordod methyl stearate (42 mg.).

threo-90,10~dilydiroxystearic Aeid

The esbers (MIAB) were hydrolysed vith sn oxcess of 05N
mnethaaolic sodium hydvoxide. The recovered acid (29 ng.) was
sseived 4n. aligl soetats (Leb L)y cooled to 0% end allowed o
sband ovem'lgh'h.cé The dibydroxy acild (1h mg.) was filtorod off and
recrystallised from more othyl ocetote. It melted at 92;«-92;.*500 slone
ov vibenm mixed with an authentic sample of threowd,lO=dihydroxy—
slearic acid. Oxdidation with potosslum pemongenate snd potassium

periodate gove nononole end nonendicic acldg, which were recogninod,

after esberification, by gos-liquid chromatography .
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The Iydvoxy Acld in Sentalum Adbum

Phe evergreen tree Sentolum Album (Tinn.) of the Sentaloceae

genus Lo well known for lts highly scented wood (sandolwood) which
is used exbengively throughout Indis. The tree vavries in he:i.ghi;
from twelve to thirty-five fect, and boars fxuit btwlice o yoar.
Gunstone and Russellég showed the 03l o contein 88 % of ximenynic
gyceride and the mixed acids {excluding uzisaponri.:i;’iable material) +o
sonbain 95 % of ximenynic aclde.

This presont work demonstrotes -ﬁhe presence of 1 % of a
G-hydromyoctadac—~trang=1li=on-9=ynoic acid.

The dvled seceds, 'Zi:“ in diometorw, had an average welght of
0«15 ge ond gove o pale greenish-yellow oll (53*5 %) when exteacted
vibth lipght petroleum. The oll was hydvolysed Ly boiling with 0+5N
alcoholic potagsium hydvoxide for ono hour, during which bime o gum
aepavateds *this was vejeoted before saponification ond ether
oxtraction of the mized aclds, which wewe subse(man'bl:y* glvided into
two Practions by partition betbween light pelroleun and 80 % aquecus
mwblmnq’l-ﬁ L ohe petrol fractioa (91 %) contained mainly
octadac—trang~ll~cn=9-ynoic scld togethor with small amounts of
pelnitic and olele aclds. The aqueous methanol fraction (9 %)
conbained ccbadec=~trang~ll-ci-O-~ynolc acld and o hydroxy scid.
The methyl esters of the mothanol fracvion were adsorbed on & column

» n r')- -y L3 L)
of neukrel pluming’ ond geparated into methyl octadec—trans~ll=on-O
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ynoote (85 %, oluted with benzene) ond e hydvoxy ester (15 %,
oluted with ether). These froctionetions were monltored by
gas-Licquid chromatogvaply.

Hydrogenation of this nonolydroxny esber gave s mivbure of
wothyl stesrate, O-hydroxystesirote, and B-lketostearate sepoareted
by adsorpiion on o column of newbyel aluming. - The posgitlon of the

xygensted Concblon. was determined by converting through ketones,
orimes, ond samides to a wixbure of degradstion :E'ragnent:s.lg
Ozonolysls of the uwagaturvated hydroxy ester in methanol af ~l(_0°G,
followed by veductitva of the ozonides by sheking in an abtunosphere
of hydvogen in the presence of Lindlar's cabolyst geve heptanal,

which was Sdentified ag its dimethyl acebol on the ges-liquid

_ ¢ P . .
c}u?oma'togrz'aph.s? The ultre~violet absorpbion spectium wes charncteristic

of an enyoe chvomophore ond infra-~ved shsorption at 955 e
showed, the ethylenic bond to be tigoms. This evidence is-
congisbent wilth the structvve S-hydroxyoctadec-trang=llecn=-9~ynoic
acide This acid has been proviously repoibed to nccompany

b3

wimenynlc soid in Ximenls caiffrp oile.
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TXIEHCHENRAL

Isolation of S=hydroxyoctadoe~trang=1l-cn-9=-ymoic Acid

dontolun Album seed oil (12 g.) vns hydrolysed by a 100 %

exeoss of 0<5N boiling slcoholic potassium bydvoxide, and the mizmed
aolds wove pevititioned betweon petbroleun ether end 80 % squeous
methanol. The acids in each extract weve subsequently methylated
(enhydvous methenolic hydrogen chloride) snd both fractions were
exominod on a gos~Liquid chromsbograph using & 10 % Aplezon L /
Colite column atb 20000, with the wesvlis showm balovr.

Carbon Number Petrolewn Fther Agqueous Hethanol Ldentity

Erpotion (91 %) Eraction (9 %)

16+0 o+ - Palmitic

177 + - Meie

185 A + Ximenynic

19-9 “ & Hydyoxy--
wimenynic

20°0 + - (Arachidic)

(+ presenty, =~ dbsent)

Separation of the Methyl lsters of the lethanel Fraction on Neutrsl

Alvwming
A solution of the methyl estewrs (250 mg.) in heuzene (5 ml.)
woe loaded on a columa of neubwvol slumine (15 g.) and the estors

were scparabed into two Lyactions.

|
|

N
A
4
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o
Juent  Volume(nl.) Weieht{ng.) >\mf! LY _%‘l:’g ~

Benzens 50 196 209 512  Yimeaynic
Bher 50 35 229 108 Tydroxy-
wimegyalce

The infra-ved spectram of the etheyr oxtwact showed bands atb
960 om. (trens double bond), 1735 cm."l (ester cuvbonyl) and
3620 P (hydroxyl) .

Oyonolyais of the Hydroxy Bster

A solution of the esters (50 wmg.) in methenol (30 ml.) was
ozonised at ~40°C with o sbremn of ozonised oxmygen (2¢5 = 3+0 %)
obtpined by sileat high tension clectric discharges. The effluent
gas was bubbled throusgh s sclution of potassium lodide and sboxch in
dilute sulyhuxic acid, The reaction was stopped when the sbarch
indicator burned blue and puve anitrogon wes bubbled thiough the
veaction mixbure o xvemove dissolved oxygen and ozone. Ldndlarts
catalyst (50 mgs) was added to the solution which was sheken in an
atmogphore of hydrogen Lor thirty mimitss, Filitretion of the cotalyst
ond evaporation of the solvent sfforded o mixture of aldehydes snd
ocids (45 mg.).

The mixbure of aldehydes and aclds wasg methyla,te§1,7 0 by
refluzing For two hours with 2 % anhydvrous methanolic hydrogen
chloride. Afbox cooling, tho mothonolic solubtion was neutrslised by

the addition of a slight excess of anhydrous sodium cavbonate. The
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product was extracted with 1ight petroleum (3x50 mi.) from the
mathanols, The Light petroleum solution, after sheking with saturated
godium bisudlphibe and waber snd drying over sodium s;u;}.pha‘be, was eveps
ovatod, efffording a mixture of acetals and esters (46 mg.). The
mwixtnree was vefluwed for two hours with 05N methanclic sodimm hydroxide
to convert the methyl esters to sodivm selbs. The solubion was cooled,
diloted with wabter end the acetals exblrscbed wiibh 1ight petroleum

(%350 wl.)« The Light petroleun, after washing with water sand drying
(sodium sulphete), was evaporated affording the dimethylacetal. of

heptomol (1h mg.), which was Ldentified by gos-liquid chromotography.

Hydvogenation of the Hydroxy Esher

The hydrozy cester (25 ng.) in methanol (L0 ml.) was
hydrogenated by shaking in en aimosphere of hydrogen Tor twenby-four
hours, uslng 10 % pailediun / charcosl (5 wg.) as a cabolyst. The
cobalyst wes filbterved off and the filitrete eveporabed, affording the
setureted osters (22 mg.).

A solutlon of the saturated esbors (22 mge) in Llight

petrolewn (5 ml.) was adsorbed on o column of neutrsl plumins (15 g.).
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Rlusnt Volume (.. ) Wedeht(mzg. ) Infro~red. Methyl
sbsorption Ister
Light 50 2 38-39° 1727 em.™™ Stearato
petroleun "
Benzene 50 2 LBeBalifs” 1727, Koto~
astearate
Bthexr / 50 16 1727 em.” — Hydvoxy-
Benzene(1l:1) stearote

Oximation, Bockmenn Rearrsngement and Hydrolysis of the Keto Bsters

The bydroxy estols were oxidised as previously {see Page 37)

to the keto esters.

A solutlon of the keto esters (15 mg.), hydroxylamine

hydrochloride (L0 mg.), sodium scetade (15 mg.), and water (0°1 ml.)

in ethanol (1 ml.) was boiled for two hours.
and the solution extrascted with ether.

Water (L ml.) was added

Bvaporation of the ethex

gave mixed owimes (12 mg.) which were heated in concentrated .. .

sulphuric acid (1 ml.) Por one hour ot 100°C, the solution diluted

with water (1 vol.), and wefluxed for four hours.

further diluted with weter (10 ml.) end extrected with ether (5320 ml.).

The misxbare was

Bvoporetion of the ether gave o mixbure (11 mg.) of undecancic snd

ochandioic seids, identified by esterification (methanclic hydrogen

chloyide) end sempling on the gas-llquid chromatographe.
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INTRODUCTION

g8 , j ; . '
The fulmar petrel” (Fulmariy glacfelis) breed dn enommous

nmbers in §t. Kilda end the Ovkmey end Shetland islands; but have slso
boen re_f:ori:ead as Par south as Coynwall. In 1878 it wes estinmated that
twelve fulmars were breeding in Britedn; by 1949 theb oumber hod wisen
o 1,800,000. They nve puvely oceonde wenderers, snd seldom, if evewr,
come to land, except for the purpose of breeding. When disturbed the
bird ejects, as a defensive measuve, with considereble force, some of the
oll sboved in the stomach. The oil is a clear yellow colour and bogins
to 80lidify at 10°G end finally sels to a tmsluceﬁt solid ot 0%.
It is weported that this birvd olso uses its stomach oll fow preening
and courtship and to calm rough seas when lending on the oceen.
Tulmey oll has recontly been used meaﬁ.eina,myl and it seemed of
interest to discover whether there was anybthing unususl about the
composltion of the oile.

The oil has prpviomsly heen examined by Roserheim and ‘ﬁfebaterz
ond by Lovem3 but these vesults do nob agvec. Rosgenhelim and
Webstor considorsd that the oil wos not o glycerlde but o liguld wax
coubaining, alter hydrolysis, unearly Tforlty pex cent of unsaponifisble
maberiol, which consisbed meluly of unsaturated higher aleohols of the
same- type as those found in sperm oil. The fatty aclds had an
jodine velue of 156, ond 209 % of the acilds gave an ingoluble
bronide which was shown Lo be the decobromide of s docosapenteecncic acid.

Lovern hag also dnvestigated the body oil of the Pulmar and
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the vosulits he o’bji:r«zineé are mumariged below.

Mumber of specimens = 6 Tobt content = 152 %

Todine velue of the oil = 1302 Non~saponifisble materiol e« 78 %

e e o BN

Gomponent Aclds

Seturated (per cent) | s

10 Cas 16 Gig a0 |

3 2 139 32 nil

G G

Unsaturated (per count)

Ga), Gy 18 Cog Coo Co,
0-9 30 269 26+8 297, trace

(~2+00) (=281) (=heoOH) (=6-6H)
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DISCUSSION

The present study ofl filuwy oll was carvried out in three stapes:

(2) Quelitative exemination of the oil and the component aclds
isolaﬁian and recogultion of the mejor unsaturated components.
(b) Quentitotive analysis of the component acids by gas-liquid
chromatography s :
(¢) Study of the glyceride stwucture of the oil.
These ave discussed belows the sepavation procedures nre shom

schematicelly ih Table T.

(2) _Qualitotive Analysis

Rosenheln and Webs-ber?‘ in thelr snalysis of the stomach oll of

the fulmar stated 1t was o liquld wax contalining fovrty per cent of

non~saponifisble moteriol, meinly longechain shoohols. VWhon the oilr -

used in the present investigation wes examined by thia-loyer
chrom_a:izogrmﬁﬁ on siiioic aeid. it beha,véd a5 o triglyeceride contpine
ing only a minow proporiion of unssponifiable m&ﬁsex'ial.l"

' Hydvolysis of the oll was achleved by wefluzing with elooholie
pobassivn hydvoxide. The mixed ecids, after vxtraction of the

non~gaponifisble matexdail (4 %), wore oonverted to their methyl .

asters which were subsequently oxaomined by ges-liquid chromatogrephy.

The estors were well rosolved on a column of Apiezon I (10 %) butb

on o edlumn of QF ~ T (10 %) the esters were sepavated eccording!lo

3 A i 4 s A Lar s "
ab v < iy, VANt W Dl ikl A SATRRN 2D




Table I

Separation Procedures of Pulmeor 01

Triglycerideos

W

Saponification

Sodium Salts — Extraction —> Non-saponifisble

v

Acldification

Fatty Aclds

v

Hethyl s

materiol

Methanolic hydrogen chloride

U

Qualitative and

Quantitebive aualysis

by‘ G‘« I.lo Cu

silver nitrate -
gilicic acid

chromasogrephy

[

Saturated

N/ v
HMonoene  Dieno

hexadegenoic

T 1
Triene Pentaene

Yetbrasne Jlexaene

Propovative
F., L. G.
. Propa-
L L ., .
ochtadecenoic eicogsenole docogenoic rovive
G‘: I.H Go
) R

ed.cosapentacnoleo docosahexaeaolc
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choin length but not with resgpect o unsaturation, L.e. there was no
separation of sbearie, oleis, linocleic ete.. The methyl cr;,-i;em Tere
also examined on » columa of polyethylene glycol adipate (5 %),

the temperature not exceeding '.1.7000¢ If the percentage of stablonaxy
passe excecds five ox the tompoevature exceeds 1700(}, the bleed of
stationsyy phase from the column hecomes too high and the sensitivity
of the detecbor i greatly wreduced. The gas-liquid chromsbographic
onalysls of the nmixed esters and hydrogenated methyl esiers on two
stationazry phoses are glven in Toble IX.

Chromatograns of the methyl esteks showed twelve mpjor and
von minor peoks: after hydrogenation theid i':?ive najoy and Tive minoxr
poaks. Comparigon wlth the chromptogrems of the oviginel ester shows
that nearly 21l the myristate, gbout helf the palmitabe and o small
gmount of the steavabe were present in the origingl ester, but the
remaindey of tho saturated estelkspresent in the fully hydrogenatbed.

sample had been derived from unsaturabed compounds.

Isolation of the Six Major Unsstureted Noters by Silver Nitraote -

S8ilicic Acid Chromatosrenhy and Proparative Gos- Liouwid Chromatography

The mixed esters were adsorbed on a column of silver nitrate -
siliole aold® and separated inbo a satursted Praction (elubed with light
potroleun conbeining 1 % of ether), a moncene froubion(eluted with
1ight petroleum conteining 3 % of ethor), a diene fraction (eluted

with 1ight petrolewm containing 5 % of ethev), o triene and tebra-




i,
Tobile I
Mnelysis of Pulmar 0il Mothyl Esbems
Caxbon Mutbers of Bluted Bsters (o) before and - Tdentification
(), after hydrogenation :
(n) Mixed Esters (b)_Hydrogenated Bubers
oo Te . PaBeGels Ape Te  PuB.GoA.
+0 o0 10 L 0 Th18
138 bl _ el
Lheol RS Thiedy Aok 15by et
150 15-0 15-0 150 15:0 ¥
160 16°0 1670 16°0 1620 b
158 16k, 1641
/i g 169 1692
LGS 16k 1674 1Gen 17w
i7°0 17-0 1140 17*0 170
18+0 1840 18+0 18*Q 18:0
177 18+ 18:1 3
1745 18°9 18:2
175 1945 18: 3
i7-2 19+9 18:4
19+0 12-0 19+0 19+0 19:0
200 2040 20°0 20+0 2010
1974 20#4 20:1
19°2 20°9 2023
190 221 20:5 g
22*0 2240 2250
2163 22:h, 2221, 5
2075 25°8 2235
20°55 2420 22:6
To the column hended Tdsabification, the Pirsh Figures (14-22) indicate
the number of carybon sfons in the acid and the figures aftor the colon
the number of double bonds. br ~ branched chain ester

These assigantions arve based on rebvenblon velues guobted by

Jamesé and 3)91?:1'&'{;.7
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ene froction (eluted with light petroleun conteining 10 % of ether) |
ond a combined pen'té,ene end hexaene froction (eluted with ethor).
This fraotionati.on was monitored by gas~liquid chromstograpnhy.

During the course of '%;his investigation a Perkin Elmex
Proctdmeber (Model 451) with preparsbive column became aveilable,
end the moncene fraction and the pentoene and hoxaene Praction were
separoted into their component esiters. The esters wore Loaded on o
colum(90x2+1 cm.) packed with Apiezon T (20 %) on Celite and the

fractions wore collected by ellowing the effluent gas to pass

through o cotton~wool paclked U-~tube immersed iv an aocel one—enrd:x.ce
brop kopt at ~4,0°C. The purity of esch fraction was checkc—:d by
ropsampling on the Pyo Argon chromatbograph.

The monoenolce esters were divided inbo four fractions
containing esters of € 1G? G 1.6* C, 50 and. G, np O cids. Bach was
hydrolysed and the wesulbting acld oxidised by potassiwn permanganato

and potessium perioﬂatag with the following vesulits: -

Monobagic Acid Dibpsic Acid Monocenoic Acid
heptanoic nonandioic hexadec~9-cunol.c
nonanoic nonandioic octadec-9~cnoic
nonﬁnoic undecandioic elcog~ll=enolc
undecanoi.o undecandiolc docog~lli~cnoic

Tho pentasne~hexaence fraoction was simllavly dlvided into two
componeniss but because of Aifficulty with the prepevetive column only

a small quantity of each pure component was obtained; these were
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hydvolysed and oxidised as described above. The elcosspentesnoic and
docogsahexsenole acids gove glubaric and suceinie solds wespectively
é,s the only recognised degradation products. This suggests that these
aoids avase eioésa-ﬁ,&lﬁ. sl 1 7wpontaonoic avid
A0COBOy 74105 13,16,10-hexaecncic neld.

A mizxbuve of these two was subnitted o partial mﬁ&a’c*lonll ond
the resulis obteined supporited the strustuves suggested ebove for the
oloosapentaencic and docosshexeenvic acids. 'The mixture of the two
aolds was submiltied to the following treatment:~ hydroxylation with
| b 046 nol. of performic acidy giving o wixture of the possible
Fihydroxy acids, o brace of move extonsively oxi.disged acld and uncheunged
starting material: celtalytic hydrogensiion of the remeining
musaburated contyres: oxidative cleavage by von RudloffYs resgent of the
saturated dlhydroxy secids to give o mixbure of mono~ and di-basle aeids:
after esteriflcation those were exomined by gas-liguid chromsbtography
on Apiezon L (10 %) andQP-L (10 %) columns at 100°C, 150°C ena 200%
with the Pollowing rosulbtste

L

Chadn Length of Acids

Monobasic 5, 6, 7, 8, 9, (10), 11, 12, (13)y 14, 15, (1L6),
(17), 18, 20, 22.

Dibasic hy 8, (6); 7x 8 (9), 10,701, (12), 13, Iy (18),
16, 17, (18), 19.

The figuves given in pareniheses iudicate minor amounbs.

i

3ot

e R e A e A ST R

¥, . @, .
AN PR RS e e AT R N g,

SN AP AT et T e ARG e

b A e g

Dy G s




~6l§.-.-

These vesulbs ave consistent with the presence of double bonds
at posildions b, 53 7, 8, 10, 11, 13, 1h, 16, 17 and 19 in one or both of
these acids.

The monoenoic and polyencic acids isolated heve ove comuon
constituonts of fish oils. Homedec-Y-cnoic is as widely distributed in
Pish oils and movine bird oils as is oleie, bub gorerslly in much
smeller amounts (8 = 15 %). A vecend oxamination of menhaden body oil
showed hexadec-9-cnole acld 4o be sccompsnied by the & 8 ﬁ..smnamlg

Two positionally disomevic aseldsy nomoly elcoss~9-cnolec snd
eleoga~ll~enoic, hove been lsolated from natural Pats, and both have
baen reported present in Nish oils and warine animeld o:iif..c:“.:!‘3

'1‘c):y'a:ctz53.12'F was the first to establish the identity of
docoga~ll-anoic aold vhich had previously been believed Lo be
ldentical with the isomeyiec erucic (docosa~l3-enoiec) acid Found din
vogotable oils.

The gas-liguid chromatograpbie analyses suggesbed an
elcosabyrienoic scld to he present fn fulmar odl. Klenk eb aliaw
voported the presence of au elcosa~5,08,11- and 811 ,1h~trienoic nelds
in horzing oll an&-Bmzﬁax’tlé Pound a small proporxbtion of the
8,411,20 isomer in Bhorxk liver oil.

The presence of eiaossapentae%é:}.e acld in £ish oils haes been
osbablished for a long time. The avid was firet charachorised as o
he8,12,15,18 iﬂmneral? Rocently o 85,8,11,14,17 isomey was reporbed

N1 an 18 . P . L - 15
in pilcherd 0il,” menhaden body oil™ and herxing oil.




w3

In 1938 Pamer snd ven den Houvel 0 reported the igolotion of

& {ocosshexpenoic acld by molecular dlatillaotion of the methyl esters

off cod Tiver oil and showed it Yo be sbructurelly pure ond non~conjugated.

The structure of the docosshexsenoic scld cccurring in pilchard oll
was Fivdt estoblished by Whi‘i;cu’dtlg in 1957 end the same acid was

found in menhaden body oil.l‘?‘

(1) _ousntitative Anglysis by Gog = DLicuid Chromstography

Before analysing the fulmer esters, two standsrd mixtures of
esters were examined by gas~liquid chromatography, ond it was showm
(1) that the avea of the pealk delinsated by the detoctor is directly
proportional to the molar soncentration of that component and(ii) that
the detector response inecreases linearly with lnereasing quantity of «
each component.

The awres of the peaks was determined direetly by s Pye
Integrem £itted to the machine or by measurving the peak sreas on g

normal chromatogram after triengulation.
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Quantibative Anslysis of Fulmer 031 Acids
This snolysis was corried ont on on Aplegon I (10 %) column

at 200°C. "he argon Tlow vetle was 30 wl./minute. The esters were
clearly wesolved except in the 01&1 reglon and furtheor snolysis on a
polyethylene glycol adipate column (161°C) was meds %o separste these.
Component Acids (pex cent wedaht)

Chein Double Bonds Hydvogenniad
Jongth [0 1 2 3 &
o 1!,. - 3 ’ 3 (e 3 - - e . - P ™ 3' 6 3' 1 - -

6! Br. U Tobol | 8Sat. Br. U,

m.

15 O = = = = = = 0202 08B ~ 0% =
16 1456%1 10= = = = = = 2146 | 226 =
17 0°7 m == = = = 0°5 = 1°2 07 06 -
18 2°3 128 072~ 243 = = - = 17°6 | 184 - -
20 0°2 165 = 0+2 = 11°0~ = = 27°9 | 28+0 " "
00 - 18eL w = =  1°08C - =270 |26-2 s

Toknl 2lek 53°B 12 0°2 273 12°0 B°0 07 0°2 1000 1000 A

U - unkwuow, By - byanched P
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Gompaxigon of the Analyses of God Liver 0il, Menhsden Body Oil snd
Horring 0il with Tulmer 0il

Tulmax God Iiver 0117

Cheln 8 w P g m p
longth :

14 3 = - (3) 3 = = (3)
16 . 6 1 (21) 12 9 1 (22)
18 213 2 (D) 5 2 5 (33) :
20 - 17 11 (28) - 13 10 (23)
29 - 18 9 (2D - 6

B R B  BH®E

e oS o S R

96 , o7 :
Menhoden Body. o112 Herring .05,115 i

RIS 3 e R X D
R e

Chain 8 m p , 8 m P
length

1 7 = = (7) 6 -
16 17 10 5 {32) 12 8

(6)

(1.8)
(25)
(22)

v
18 3 15 7 (25) 118 6
,
5 (31)
19

20 - 2 16 (18) - 15
(1)

ioz
e
~J
Bl B

9% 102

s = goturebed, m « monoethenoid, p = polyethenoid. %

Figures given are percentages by weight. &
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Comments _
\ Fulmar oil is seen to be sgimilar fc: a typiecal fish oil in
the following mapecté -
(o) The wide vonge of acids present; aeids containing 1k - 22
carbon atoms are present.
(b) The low conbont of seturstod acids; this is mainly pelmitic with
small quantities of myx'is‘i;ic; sbearie and ovachidic.
(o) The high unsaturetion of the C,, end 022' neids.
{(d) The olcosapentacnolc and docosshexaenoic acids ave of the
"linolenle" type le. the Plrst double bondy mﬁﬁberea from ‘the methyl
end, is ot cavbon ntom '3',  This is in contrast to the polyeihenoid
aclds in the fats of Lend animals which are meivly of the"linoleio"
Bypoe

Tulmay oll is seen to be similar bo cod liver oil in the
proportlons of seburated, monocethenold and polyethenoid seids
present but differs from menhaden oil which has only smell
perecentages of elcosenoic gnd docosenois acids but higher

poveentoges of saturated and povlyethenold selds.




(o) The Glyceride Stwucturg of Fulmer 031

The verious expervimentsl procedures svailable in 1956 for
examining the glyceride struebure of a ot were rveviewed by Hilc’li‘l:ehj:g
Since then the most important econtrlbulbiong heve been the devel.opment

by Dutton and Scholficld’

of countercurrvent distribution as an
effeotive meansg of sepavalbing glycerides, and hydrolysis by pancreatic
Lipsse which preferentially wemoves the acyl groups abtached to the
two primexy elcechol gwroups of glycerol leaving o 2-monoglyceride.

Use bas slready been made of the date obbained from pancrestic
hydvolysis For the investigabion of Pabs. Both Usbtson et alis™> and
Deamelle ot aliaZ* have oondlufed that Pably acld @istribution in
seed olls 1s not vendom, confimming investigptions made by other
methodse The dota so far obdained has been discuased by several
authors.25

The fulmar oil was hydvolysed (50 =60 %) by jpancreatié lipase
abh constent %xnperamré and congtant 9}1,26 The mixture of o0il and scids®
wes exbraoted with other. The oll vemaiuning sfter vemovsl of the free
aclds by percolation through a column of Amborlite resin, was adsorbed
an & odlumm of Duvideon Sfi%es®’ and seporoted into a triglyceride
% ) smell sample of the oll end scids wes methyleted (boron trifluorids/
me't:hanol)r’l ond sompled on the gas-liquid chrometbograph. 1% was assumed

thet during the methylatlon only the aclds were converted to esters sud

none of the glycorides wos hydrolysed.

5 b w3t
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Proction (elubed with bensene), n diglyeeride fraction (eluted with
benzene conteining 10 B of ether) end s momoglyceride Proction {eluted -
vith ethor). This fractionation was monitored by thin-layer

chromstography. 28

The monoglycoridesfraction was hydrolysed by bolling with
slooholie potassiun hydwoxide, ond the soids were converted %o their
nethyl esbors which were subsequenlly exemined quentitetively by
gag-licquid chronstography. ‘
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The following toble glves the component acids (% molar) for
the mixzed aclds and for those attached o the G, () position of
glycercl dotermined from the monoglycerides, and to the C,ond 03 ()

R R L L

positions determined frém the aclds libersted by poncreatic lipase.
The columm bheaded «* is caloulpted from bthe mixed seids and the wvalues

cbained for solds abbached Yo the C, gﬁ) position.

Acid Hlxed Acids o 3 o
10 L2 10 12.9 -
1hed 0°3 0*3 0-1 Qel.
15y 0+2 ¢ g & o*h 0-1
15unk 02 02 - 0%
15:0. 0+5 046 0°5 05
1610 1heh 10«L 270 112 /
16:1 7% 5e6 103 5e5
16:2 1-9 0°5 32 - i
L7br 0<5 0°7 Ok 0°6
unk b
17:0 07 100 0. 08
1.8:0 203 Bob,. 05 %e2
18:1 13+3 16+0 72 16k
18:4 204 1-8 38 17
19:0 tr - - -
20:0 0°2 - - -
20:1 15+7 2145 heh 21k i
20:3 o2 0.2 0°5 0°1
20:5 10°7 10°8 L8 10°2 ;
2231 160 2140 48 21°8. /
22:5 1°0 0"2 2+0 0°5
22:6 7°0 57 115 5%0
o m (mixzed oclds x 3) = /3 i

- 2
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%
Digtribution of Aoyl Groups behween ‘the Primswry ghid Secondsyy Alechol )
Groups_of Glyoexcl, i
Compaxdson of Pulmay 011 with Other Fish 'G:I.—l_sgg' '
120 16:0 16:1 26:2 18:1 20:1 22:1 20:5 22:6 Y
Cod Liver 5 13 23 13 15 6 9 1
1 27 18 1 10 9 4 10 11
God Musele 5 25 15 13 22 8 4 3 6
| 9 A ‘12 Lk 19 8 6 3 19
Sogllop Muscle % - hh 5 13 16 b 7 73 1
6 16 9 5 25 3 n 25 5
Liobater Liver L W9 9 18 1 6 10 L
2 9 7Y 6 B 10 1 2 9
fullmar 1 n 5 16 21 21 10 5
13 27 10 3 07T & 5 12 12
Mlgures glve molay pereontages.

Gommonts

(1) 'The resulis obteined experdmentally for the component acids in the

2 B
pancreatic Llipase, ngroe woll with thelr coleulated volues. {(columns

Gy and G, («) positions, as debtermined from the neids Liborated by

hoaded & end ™, page Tie) '




(i1) Thewe is o merked shsence of Cygy G,0s Gy, monosthenold in 3
the 2 positionsof fulmer oil. Saturated end polyethenoid scids ave
proferenticlly acylabed ak the 2 position, bub these btendencies sre

nob sd ¢lepdly marked ag in vegetable triglycexidés»
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EXPERIMENCAT,

Preparation of B % Polyethylene Glycol Adipate / Celite for
0

Gog = Ldould Chronatosry:

Gelite 545 (OO -~ 120 mesh) was covercsd with concemiveted
hydrochloxic aeld for three hours ab room temperature, ond the nmixture
stirred Mroguently. The seld wes diluted with dlstilled walber,
decanted and the solids transferved to o Buchner fumel, ond woshed
froe of vosidual acid. The support was then tweated in a similar
manner with o mixture of one part of swipeniuvm-hydvroxide and three
parts of waber, washed fyveec of base and dried % 15% overnight.

Polyethylene glycol adipate (1 ge) wos disaolved in chloroform
(100 ml.) end celite (20 ge) was added. The chlowofomn was removed on a
rotary £ilm ovapovebor and the matorial was dried at 100°C under vacuum.

A column was packed with the pblyethylene glyeol adipate /

celite sod purged for thirty houvrs ot :L?’OOG belore usc.
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Gas Chromatogrepble Anslyais of Standard Mixtuves

Anglyels of Methyl Bshbors of Soturatod Acidg

{a) Aclds Por dont Molax {h) Por cont Found  Stonderd Devistion
14 0 80 75 & Lok
16:0 36 3.2 & 1°5
18:0 Oh7 250 | 4 005
20:0 24.°0 22 : o A8
22:0 117 1241 517

Notes to_sbove sble

(s) Chrommbography on na Apieson L (10 %) eolumn &b 200°0.
hrgon £lowr robte = 3343 wl. / mimites Detector voltage - 1000
{(b) Mosn resulibs of Pive detexminations.

Anglyaisg of Methyl Baters of Saturabed sud Unsstuvebed Aclds

f2) Aoid Pox cont Molax (L) Por vont Found  Stenderd Devistion
Pelmitie 2h 25 & L
Oledc 36 ' 37 + 1°6
Tinclels 10 10 & 18
Arachidonic 30 28 4 17

Nolties %o above Table

(a) Ohromatogrephy on o 10 % Aplezon & oolumn ab 200°¢ corvected in the

diele/lincleic veglon with o further analysis with polyethylene glyeol




T
sdipate at 161°% (5 %). Avgon €low vote = 33+% ml./minute.
Detector volbage ~ 1000.

(b) Mean wesults of five detewminations.

Anolyals of Fulmox 0il by Thin « Loyewx Ghroim‘oommyl"

10p1. of o chloroforn solution (10 %) of the following
(o) fulmar oil (b) e triglyseride (e) o wax esber were spobbed on to o
thin layer of siliéic_ acid on glass, The silicic acld was developed
with o mixture of light petroleum, ether and acetic acid (90:10:1)‘,
onfl the spols detected bybexposure to iodine vepour. It waes found thab

the fulmey oil behaved as a triglyceride undey these condibions.

Hydrolysis of the Fulmex 01l

The oil (28-), collectsd ab Feir Isie Bird Observatory, Shetlandy.

wos vefluxed with 0+5N alecholie potassium hydroxide (30 ml.) for thres
hours in an stmospheore of nibrogen. Water (2 volumes) was added ond the

unsepond.fisble matoxrisl (4 %) wos exbracted with other. The Fatty scids

| (1°8 g.) wove lipem'béa by acidificabion with 5N hydrochlovic acld and

exbracted with ether.

_ The acids (1+8 g.) were converted to their methyl esters (1L-8 g.)
by refluxing with methanolic hydrogen chloride (0°5N, 20 ml.). The
esters weve sampled on a Pye Argon chromstograph using Apiezon L/celite

(L0 %) end polyethylene glycol adipate (5 %) columns.

Todine value of mothyl esters (observed) = 165 (caloulated) = 163
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Seporation of the Methyl Bsters lubo Four Froctions by Silver Wltrote -

Silicic Aeld Ghmma‘hog.mp}xva

A mixture of the silver nitrate ~ silice adsorbent {10 g., see

page %2), Hyflo Super Cel (5 g.) and Light pebroleun (50 wl.) was

heabed to boiling for five minutes while stirring.

APber cooling Ho

voom bemperature, the sluvrry was brought iunto the chrompbography tube.

The column was cooled with tap watex (1‘/00) and shielded from Light.

Mher:ldght petroleun
1:99
1299
397
3:97
5:97
5:95
10:90
Gthey

Fther

was added to the golumn.

Volune (.. ) Volaht(mg. )
25 2h.
25 29
25 31
25 &1
25 15
25 5
25 6
25 21
25 19

)

25(21.)

T (1)
2 (3)
18(2:;) :

A solution of methyl esters (250 mg.) in Light petrdleum (5 wl.)

Identity

Sgturabad

Monoons

Plene

Twiens and
Tatroons
Pentaens and
Hexaene

This froctiongbion was monltored by ges-liquid ohiromdbography.

Figures in parentheses were determined by gas-liquid chromatography.(see

pagebb.)




Prepavetive Gog -~ Liaeid Chromabography on g Porkin -~ Hlmer Froctometorw

e monoene fraction (127 mg.) was subjected to preperetive

goa-liquld chrenatogrephy on on Apieson L (20 %) column ab 220°C,

ubilizing o themmal conduetivity debector. Four fractions were

sollected by pesplng Hhe offfuont ges through cotbon-wool packod Uwtubes

; 0
immerased in o cordice~acetons trep ab 40 C.
Tach fracltion was welghed end its purity checked by resampling
on the Pye Argon chromstograph. ¥
¥raction Wedshb{me.) Ldentificetion ;
;3 9 Hoxadocenole
2 15 Ootadecanoic
3 2L Ticosenolc
h 20 Docogenoic
The hexacne and poniaene fraction (L0 mg.) wes similavly
goparated into two fractiong by prepavabive gos-liquld chiromabogophys
freotion Wod.ehifumg,) Tdeuntlfioabion
1 3 Penltasue
2 b Hexgene




von Rudloff Oxidatbion ? of the Unssiturated Acids

The estors were hydrolysed by refluxing with a 1O00% excess of
05N sodium hydroxide forx ons hour in an atmosphere of wibrogen.

Yhe acids (L0 mg.) were dissolved in o solubion of potagsivm
cavbonate (180 mg.) in waker (5 wil.),; and a solution of pobtassium
periodate (70 mg.) end potassium permengenate (L mg.) in wabter (20 ml.)
was added. The mizture was shekeu for 24 houvs sl room femperatureg
and the excess oxident desbroyed with sulpbur dloxide. Thik solution wasg
neubrslised and the volume weduced by half oun a rotory £ilm eveporabor.
The acldified solutlon wos setuvabed sodium chlonlde and extractod with
wther (5z3%0 ml.)s ¥veporation of the sther afforded acids (9 ng.)y
vibich weve esterified and examined by gas-liquid chvromsivography on
Apieson I (10 % and QF - I (10 %) columns ot 150°C.

(The quantitics of owident glven gbove arve for moﬁounsaﬁuz’a’bed
aelds; fov the degradetion of the pentocne pud hexaene acids, five and

aix times ss wuch oxldant wespectively was useds)

Paxtlel Oxia_gﬂcionn of the Bicosspentacnoic and Docosehexacnoic Acids

The unsaturated scids (60 mge.), 30 % hydrogen peroxide(0+0L mi.)
and 98 % fomdic acid (0+05 wl.) were shaken together for Pifteen mimuten
atb 3000‘9 Any unchenged peracid was then deslroyved with sulpbur dddxide
and the resulting solublion hydvolysed with sn excess of 2N sodivm
hydroxide for one hour at 100%. The unseturatod dihydrozry solds were

Libsreted with dilute sulphuiic sold, extwacted with ethen, and
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hydrogenated in methenol by shalking in an stmosphors of hydrogen in the
pregence of 10 % palladium-chavcoal for 2 houws. Afber filitreiion of
the cabalyst snd vemoval of the solvent the produet woi degreded by von
Rudloffts weagont bo & mixbture of mono- and dibosic aclds, Ldentifled by
gos-Liquid chromotogrophy efter egterdfication.

Pawtial Hydrolysls of Tulmar 03120

Phe dxlglycovldes of fulmar oil (1 g.) were dispersed in L+2M
ammondom ohloride/smmoniwe hydvoxids buffer (10 ml.), pH = 853 5
coleium chlovide solubtion (22 %, 2+0 wl.) and sodium tonrvochdlasd
(10 mg.) wexre added togother with pork paneveatic lipase (100 mg.)
whdeh had been purified by homogenisiung with acetone, centrifuging,
and Qxying in a vacuun degicoator. Hydvolysis wae carvied out oh
10% and the pH was meinteined ok §°5 throughout by the addition of
02880 5.G. amaovium hydroxide from o burstie. When two-thivds of the
acids hod been Libexpted, the pll wes brough®t to 170 by the addition
of 108 hydrochloric acld, snd the mixiture extracted with ethor (3x30 ml.)

The ether solution, after passing through- -an IRLOD "Ambezlite®
vesin column (30 g.) to wemove the Free fatby acidsy wes dried

(sodium sulphate) and eveporated effording neubrsl glycerides (500 mg.)

Davidson Grade 923% siliece gol (100 ~ 200 mesh) wos hoated
ovexrnlght in an oven ab 12006, and 5 % of water was addeds A portion
(30 go) of this wes wade inbo o slurey with 1ight petrolewn (50 ml.)

end was packed into a column (400519 m.w.). The sample of glycerides




(506 mg.) was added in o chlowofore solulion end separsted into three

fractions by extrection with benzene, benzene conbaining 10 % of

ather, and ethor. ar The stopeock at the bottom of the column was
adjua‘h@d po that 1«5 - 2 ml. of offluent wes collected per minube. $
The fraectionatlon was moniftored by thin-loyer chromstography. 28
Bluant Volume{wml.) Woipht(ng.) Identity ’S*
Beongens 200 L Tyiglycoride
Bengene containing 200 121 Diglycoidide
10 % other
Bthow 200 269 Monoglyceride
Hydeolyals of the Monoglyceride Fraction

The monoglycerides (269 ng.) weve hydvolysed by boiling
alooholiec potossiun hydroxide (0°BN, L ml.) in au almosphere of 1
nitrogen, The aclds were converted o thelr methyl csters (methsnolie i

hydrogen chlonlde) &nd the esbers were examined qualitotively snd

gquantitatively by ges-liquid chromsbography. ;
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INPRODUGRION

"
In 1909. Vongowichben and Kohlaz'l, estebllshed the presence of
en isomer of olele seidy petroselinic (oc aadce-vcmwéuenoic) ac:‘v‘ dy An

the fatty oil of )mz',aley doeds (I’e-bmse‘l dnun sati\nmx). Scherer (21.)09)2

o‘brsewea & sol:}c'i ole::.a ae:z,cl in “Lhe seed £a bs of t-wo obhor Unmbellates,

ijag;lnej.la oyl gum aam I‘oem.mﬂum i“:apillaoeum. Thisg acld is the

'pma.ominmu eonstn.men’a (C‘?a ]0 %) off the seed mils of the Unbeliiferae ; ‘
| i‘qmilv em& is us;mily aucompanﬁ e(i by ole.m, 1'?.21019&3 anél paLa:’L’»m acilds. :
(Jee Table I). Pe*ﬁroselime ne:ed ig also present lu the seed oils of
the ol o‘aely volobed Arolleceae mm?.lyj a.ncl in the geed fat of Pioresma ;

c;uafzﬁioides (8 .;ixnaw:uﬂ:)z.-zc:eea.e:a*)LP smél. in humen Im:ir fat.” Kurono ob alf‘wé

r"e_pormd that petroselaidioc (oatnﬁerz«i.z'mm—h-maic) acid was o nownal

cons‘biment of the oil dbi o,:'mea Prom the fruits of Anthrigous svivesbrig
bu'b only in small omoun'bsa Theasa suthorg also veported thot lrradation
with vl bre~violet of‘ plants ean“l;alm.ng natx’oaol.mm aoid vesulied *
in the production of petroselaﬁ.ﬂ.m seld.
The classlogl procedure fox the emalysics off the sged oils of the :
Upbelliferee was devised by I:Z:‘ilc’ii‘kahj fhe mixed fotby aclds from the

saponified fats wove tma‘bea with lead noetalte in aloocholic molublon

and » preliminery sepamﬁ.on was thus offected into (L) sobursted aclds,
petrosolinie and probebly o 1ittle olels acid and (2) dlelc and linocleic
aciés possibly accompanied by tr-a,ces of palmitic and pebroselinic acids.
Bach group of aclds was then converted to the methyl osters and the latter

submitted to fractlonel dlstillation at low prossure. ALL 018 nonoethencid.
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Component Acids of Seed Fabs of the Uibelliferse snd Areliscons
Unibelllferae Palwitle Petwor Oleic Idnoloic Ref,
' ‘ selinic '
Amnl visnage (Sudan) 5 50 | L2 3 Lo
Amnd. visnege (Avgentine) 5 b 30 19 11 :
Angelico glabys, P 12
Aagelica polyclada P = ‘ P 13
Angelics oylvestbiis L, 19 | L 33 1h.
Angelics ursine P p* P 15 {
Anthrisous cerefolium 5 1l 0*5 535 7
- Anthyiscus cexvefolium 6 59 %0 16
Anthriseus sylvestris 70 17
Apium greoveolens 3 51 26 20 T
Apium graveolens P » ? P 18 b
Apium greveolens (Argentine) IR 13 30 10 | 19
Bupleurum ":ﬁ"alt:a,‘hm_ - P pe P 20 f
Coruwn ajowan o P L ? 18
Corum coxvi 3 26 w3 7
Camun Soxvi 5 17 Gl 28 2L
Corum coptioum 5 143 2k 20 22
Chamaele decumbens ? pe P P 18
Conium meculatum | 67 1
Conloselinum univitiatum P 23
Coriondrun sativum 8 55 32 7 7
4
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Unbelliferas Poimitic Petro= Oleic Linoleic Ref,
selinio

Coriendvum sativim - S ) 385  37.8 1n 2%, :
Deveus cavols b | 58 1 2h 7
Davons oarote 7 55 23 15 25 ‘
Doucus earote 1 e e 13 16
Foenieulun officinale L 60 a2 1k 7
Poond.culun vulgore 86 26

Heracloun candicans i A et G 18 27

Herscleun nipponicum P P P P 28

Horacleun sphondyliua L 19 52 25 1k

Lingusticum acutilobum P e r P 29 :
Mallotus japonious P P b 30 :
Qonanthe gtolonifera F i) b |
Osmothiza avistate P P P P 2L
Panax sehilngeng P P %2
Pastinace sotivae 1 L6 32 21 1 :
Petroselinum sativom % 76 15 6 %%
Potroselinun sedivum 3 70 9 18 3.
Petroselinum sativom 5 o G e 13 35
Phelloptems Littorslis P P P %6
Plmpinelle anisum 3 2. 56 17 21

Pimpinelle audsun 7N 17+5 435 25 o
Plourospermum kemtscheticum P P P P 31 |
Piwpinells antisetum 2 25 61 10 38

Seseld indicum 6 46 7L 13 39
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Unbelliforae Palmitic Pelrow~ Oleic Liunoledc Ref.
selinic

Seseld Libanotis o1°3 Al

85014 viddoun P P 18
Termatroenis jeponice 3 3 > L0 (

Aralie.ceae

Arslie olata P pre 4 R
6o 20 13 5

P

Heders helix

( P ~ presend, * -~ olso reported to contein smell amounts of 4

potrogeleddio seld, Tfipuves give percentages by welght)
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acld in the crystelline fraction is celoulatbed as petroselinic neld,
and all '018 nonoothonoid seld in the mothey liguors ss oleic acid.

& complication from the point of view of quentitative work wes the
presence of vosinous matter (lactonlc) in many of the esier ffactﬁ;ons
(notably colexy ond persnip). Recently Barbon end de V:s{*lesa showad

celery oil to furnish

% n-butylphthelide end sodanoic noid.
, By (ﬁ
\{/\0 (I\
" \( co,H
O

9

vhile Go¢ld end Wilgon” weporbed the prosence of elkylidene

dihydrophthalides in the oil.

(i) »= GI‘I—*CH(GHB):)
\r/ (12) R = OH.CH,,CH(CH,),,

R

Now studies of the glyceride compoalition of vegelboble fats
have vocently been gbaried in this depsrbtment and it is planmed to
include o number of fats contsining petroselinic achd in this study.
The wovrk now o be described 1ls on attempt to devise s more satis-
factory method of determining the component aclds of such Pfats.

This has been achieoved, but the glyceride study of these fats aweils
the development of new methods of glyceride exeminatlon now being

studled by Guustone, Padley and Qureshi (unpublished work).
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Oleic and potroselinic esters weve not adequately vesolved
by ges-liquld chromatogrephy nor adequately sepazated by thin-isyer
chromatography plates leyered with silica gel and silver nitrsteo.

The method of exsmination finslly devised involved the :t‘elléwing
stagess~

(1) Anelysis by quentitetive ges-liquid chromstography in temms of
polmitic, palmitoleic, stearie, cctedecencic acids, and linoleie acid.
(2) Isclation of the monocenole acids by column chromstography on
silics/silver ndtrate.

(3) The snelysis of the monoenoic acid frvection by determinetion of
the wotio of methyl dodecancate (From pelroseliniec acid) to dimethyl
nonendioate {from olele acld) after oxldation by the von Rudloff
proce&ux’eoz""j

The mixed scids, free from unseponifisble maberisl, were
converted to the methyl estors which were exomined by gas-~Lliculd
chromptogrophy using e polyethylene glycol adipate (5 %) ecolumn ot
161%C and an Apiezon & (10 %) colmnp at 200°0. Under these conditions
the olelc and petroseliniec esters were nob separsited znd appeaved os
only one peak on the chromatogrom.

A solution of the methyl estows in light petroleum was
ndsorbed on a column of sdlica lmpregnated with silver nitrate and
separveted into a saturated Fraction (eluted with light potroloum
conbeining 1 % of e%ther), o monoene fraction (eluted with Light

petroleun conteining 3 % of ether) and o diene fraction (eluted with




T

1ight petroleum contoining 5 % of other). These separations were
monltored by gas-iiquid and thineleoyer chromatography.

The monoene frection was hydrolysed and the scids weye
o:miaiseci by potassium pemmengenate and potassiun periodate to
hexandiolc, nonsndioic, nonanolc and dodecanoic acidsy which weve
subsequently me*!;hylg:bed and ddentified by gas~-llquid chromatography

on en Apiezon L / Gelite (20 %) column at 150°C.

GHB (cﬂa:)?,. (H=CH. ( Cﬁz)‘i +CO0H GHE( CH, )y o° CH=CIL ( CH,) j,- COOH
mmou/mo&‘ Kjﬁ;InOl}_/KIOZ!‘
N7 "
0113(01{2)7.00011 + Hooc.(cng)?,coon' GHE(CHZ)louGOOH * Hoocﬂ(cﬂz)ycaoz-z

BSeveral synthelic mimbtures of olele and petvoselinic acifs
wera oxidised by potassium pemmongannie and potassimm perviodate, snd
it was found that o comparison of the arveas of methyl dodecsnoate and
dimothyl noandioate peaks gave the most conslstont anglyses of the
congtituents of the starting mixburs.

The diens fme{;ion, after hydrolyds. and oxidationy
afforded only hexanoic end nonendiocic acids, Thewe wes no nonanocic

and hexondiocic secids in the degradation products es would be expected

fror on oobadec~6,0~dionoic acld.

:
i
2
;!
R
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G}IE(GH » CH=CH. CH,, » CTl=CH. {cH,).,. GO0

2)15- 2)7

mnela/mo )

W

0ri;(0H,), -COOH 3 HOOG.CH,.CO0H + HOOG - (0, )., GO0

o, (GHQ).?,GIigﬁﬁn GH,, - CH=OH, (CIF,,) j,» COOH
1@&11{)2&"{{}?&3201{A
!
cx:B(ciig)Tcoox—z +100C . Gl .GOOKE +  H00C. (C1L,)) j,» GO0

Suantbitobive Bxaminetion by Gos-Ldould Chromatography

In some instonces, the peak sress wewe measured by a Pye
Intagran £itted to the machine, and in othews the aveas were nmeasured
mechgnically by trisnglation. Seversl synthetic mixtures of palwmitic
olejc and linoleic ecsters weve examined. The detector response o
these non-~oxypgenated fatly esters was proportlonal to the molar
porcentages in the gynthebiec mixiure. No corvection fector was
vequired.

Synthetic mixtuves of methyl dodscavionie and dinethyl
nonandloote were aleso exemined, to detexmine debeclor response.
The pesk aves corvespondlng th dimethyl ronendlonte velative Lo
wothyl dodecancate was undevestimated and to dbbain accuraie
quentitative doto 1t was necessany to nultiply the peek eves of

the nonandicate by a corvecbion factdy of 1+3.




Results Toble T

Fiie

Gomponent Aclds (pew cenl welght)

Polme Palmit~ Stesric Oleic Petro- Lino= Iodine velue

itie olelc geliniec leic obs. cale
Potroselinum 5 Ty % . 5 77 12 92 90
gatitvanm
Daucus L 0 T 18 65 1% 95 93
carote
Corlendrum 2 P g o "9 72 17 100 98
gativun
Coniun b P T 17 61 18 94 97
Maoculetumn
Heracleun 6 Py Ty 15 - 54 25 107 103
mantegayzionum
Anthrdsous  J : 1 6 LY 6 109 110
sevefoliom
(g mun 6 Mw - 18 %8 57 110 111
oervi
Ty - Troco
Comments

(L)  The minimun smount of any seed oil required for a tobol
analysis is 500 mge

(2) The saturated acid content (elmost a1l pelmitic) 1s Low but
shows o tendency bo be slighlly bhigher in the oilg of higher
unsaturations

(3) Chonges in lodine velue depend slmost entively on diene /
monoena wobio.

(4) The oleis acid content vexies (5 - 18 %) but is olways lower
then pobroselinic acid content (38 — 77 %).

(5) The highest percentoge of petroselinlce acld is sccompsnied by

*
;

{
b
i
Y
£

ooy

3
b
5

:
3
%
4
<
L 3
o
s
:



the Lowest poveentage of 1linclele acld.

(6)  Pelroselinum sativum {parsley) is the best source of pelroselinic
acid. ‘Phe seeds conbein 14 % of oil, which conteins a high percentage
of peﬁ*oselinio acid accompanied by a low porcentage of oie:‘i.c acid.

(7)  Theve was no evidence of any oobafec-0,9~dicnoic acid in the
dleny fro@tion. An zeid similax do thls in the monoethenoid (A6)

and triethenoid (Aé,g,lz)l'l" sevies ocourg in vogehable fats.
Qetza,decznﬁ.,s)naienuic acid i veporied qn:),y in humen heilw :E‘abﬁ end in

. menlisden oil.®?

{(8) L compaxison of resulbds cblalned in the present investigetion

with previous work is shown in Teble IITf.

LA e B
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Comperigon of the Pregent Work with Previous Resulbs

Ref’s

Palmitic Stesxic Petro- Oleic Linolelo

Petrogelinum sativam | P

35

W
W

Doucus cavola

~  ®i

16

Goviandvum gobivam | P

2k

Antheiscus cevefoliun| P

7
16

$arun cavvi P

21

W B W

L

¢

¢

P ~ proesent worlk

selinio

77 5
e B2
70 9
76 15
65 1.8
58 1h
55 23
Eaag E}l_
72 9
5% e
33«5 378
1O 6
Ll 5
33 18
26 LO
17 61.

13
18

13
2k

2L
20
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Gag-Liguid Chyomatogrephy

The snalyses of the miwed eshers of the seed oils was carvied
out on two statlonowy phases (a) b ¥ polyethylene glycol adipate on
acid and olkeld washed colite at 163.00., ond (b) 10 % Apiezon I grosse
on elkeld weshed celite ev 200°0. Quantitetive anslyses ave an

average from Four chromebtogrems.

Ex%;me'biozz, ydrolyais end Methylation of the Seed 0ilsg

The seslds were coavsely ground and sxberpceted with Light
petroleuwn for 24 hours. The oll wos hydvolysed by boiling Vz;i.th o 160 %
excess of alooholic potassivm Lydvoxide (0.5N). The mixed acids,
aftor removal of the non-seponifiable materlal, wove converbed bo the

nethyl esters by refluxing for two hours with o twenty-fodhd excess of

dxy methanolic hydvogen chloride (Q+5N3.

Silver Nitrete ~ Silicic heid Chromstography

The silver nitrate ~ gilicic acld adsorbent was prepered as
proviously (p. 32.). The cclumns weve packed with 10 g. of the

adsorbent and 5 g. of Uyflo Super Cel.
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von Rudloff Oxldetion of (a) Monoene Aoids (b)) Diene Acids

The esters wore hydrolysed by vefinxihg with 100 % excess of
0«58 godivm hydroxide for one houy.

The scids (50 rﬁé») wore digsclved in g golubion of polassiuvm
sarbonote (86 mg.) in weber (20 wml.), and o solution of potassium
periodate (%68 mng.) and pobossiun pemmangenate (4 ng.) in water
(60 mi,) was addeds The mixture was sheken for 2k hours ab woom
temperature, snd the excess oxidont destroyed with sulphmr dioxido.
This solution was neubrglised with potassium carbonate and reduced in
volume to 10 ml. om a roi:éry Film gvaporvators The acidified solubion
wos soburated with sodium chlovide end extracted with ether (7230 ml.)
Bvoporation of the ether afforded aclids -wh‘ieh were esterified ond -
examined by ges-Lliquid chromgtogrephy on a 20 % Apilegon I colvmm ab

150%.

tSO SN BRCE. | 99§ o B e - SRRt SOUEAE S .0 - J] WO
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to9 Chromgtogrephic Anslysils of Shanderd Mixtures

Column 20 % Apilezon L ab 150°¢

The annlyses given ave mean resulis of six detemminations,

the load varying between 0°025 and 01 pl.

Wizhura T Mol. (%) Round Standard Deviation
C,, monchesic L35 55 & 15
G, dibagle 9145 45 A Lk

4

Co:erec"sién factor for 09 dibagic = L* 30

Mixtuxe LT

012 monohasie Ll el BO-1 4 13

09 dibasic 586 59* k. & Le2
CGorvreotion factor for 6;9 dibagic = 1*30

Hixture LIT

C, 5 moncbasic 73 77 & 087

69 dibasic 27 23 3 18

Cogwvoetion factor for G, dibagic = 129

9
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Three synthetic miwmtures of petroselinic and oleic acids were 4
oxldised by the von Rudloff procedure and the quantibtalive anslyses of
the dodeecnnoate and nongndioate wewe determined by gas~liquid

chromatography on & 20 % Apicszon I column at 150°¢.

Mixbure X Mol. (% Found Siandard Deviation ‘
Potrogolinie BleL 573 + 16
Oleie 4846 4246 & 15

Corrveotion factor for 09 dibagic = 1+3 :

Mlxhbace TXL

Potrogelinic 6295 69°5 4 L3
Olelo 375 3045 X Lok

Gorveation factor for (}9 dibasic « 128

Hixture LIT

Petrodelinic 13 77 + 0°5
(Oleic 7 23 & 17

Correction factor for (}9 dibasic = 1L*29

The vesults oo a meagn frvom four determinationg,
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Petroselinum setiwum (Porsley)

Par cent fat content in geods = 17
Poy cent non-gaponifiable materinl = 12 :
Todine velue of methyl esters (obsewved) = 92 (ealoulated) = 90

Silver nitrate -~ Siliclc Ac,id _Ghromatogmmw

The esters (250 mg.) in light petroleun (5 wl.) were

adfdsorbed on Ho the columite

Bluant YolLune (ml. . ) Weight(mes) % Identity

Bthers1light petroleum

1:99 25 6 2¢h.  Satureted
3:97 25 49
5:97 25 135 86  Monoone
3:97 25 26
5:95 25 27 11 Diene
- &
Per cent vecovery = 97
Gomponent Acidg \ Por cent lMolay Por cent Weight
 Poimitic 3o %03
Polmitolelis 03 0°3
Stenric 278 2-8
Petrogelinic 71 77°3
Oleic he6 FRTS

Linoleic 137 116
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Deucus corota (Carvot)

Pex cent fat content in sgeedy = 1)

Per cent nonwssponifisble moterial = 12

Todine value of methyl esiters (observed) = 95 (calevlated) = 93
Silver Witrete - Silicic Acid Chrometogrephy

The esters (250 mg.) in light petroleun (5 ml,) were
adsorbed on to the column.

Flught Volume(ml,) Helsght(me.) % Taentity

Gther:light petroleun |

1:99 25 6 26 Saturatod

3:97 25 55

3:97 ’ 25 101 8. Monoene
$97 25 3h

5195 25 3L 136 Dione

Per cent vecovery = 20

Component Aclds Por cont Molor Por cont Velght
Palmitic | heo 348
Palnitoleic - -
Stearic 23 0"’3
Petroseliale 6502 ‘ 65

Oleie 18-0 151

Tinolele 125 12 b

P
%
PO 1 %
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Coriendrum sativum (Coriender)

Por cent Lot ocontent in seeds = 9
Powr cent non~geponifioble maberial = 10 .
Todlne velue of medhyl ésbexs (observed) = 100 (caleilabed) = 98

3ilver Nitrate ~ Silicle Aeid Chronstogranhy

The estors {250 mg.) in Light peitroleun (5 wl.) wero

afdsorbhed on to the golumn.

Bther:1ight petidleun

1:99
3:97
5:97
5197
5295

Component Acids

 Paluitlo
Polwmitvoleic
Slearle
Pebyropelinle
Oleic

Tinolele

Volume (il ) Weisht(ng.) A Tdentity :
25 6 2*5 Seturated,
25 56
25 101 80 Honoene
&b A
25 he 17+5  Diene
2%
Per cont wecovery = 96
Pox cent Molpw Per cent Welght
2*3 241 "
o3 0¢3
03 . 0%
T2 71k
92 gep

167 1647
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Antheiscus cervefollum {(Chervil)

Por cent fat content in seeds = L1
Per cent non-saponifisble material = 3
Todine velue of methyl esters (observed) = 107 (ealculated) = 110

Silver Nitrate ~ 8ilicic Acid Chromabography

The esters (250 mg.) in Light petroleun (5 nml.) were

adgorbed on to the columne.

Bluant

Volume (ml.) Welght{mg.) ¢ =~ Zdentity

Bther:1ight petroleun

1:99
3:97
3197
3:97
5:95
5:95

Gomponent Aclds

Palmitic
Polmitoleie

| Steoric
Petroselinisc
Qledc

Linoleic

25 17 7°0 Saturated
25 3L
25 63 557 Honoene
25 Ll
25 61 37 Diene
25 29]
22

Per cent recovery = 97

Per cont Molax Por cent Woight
77 740
05 05
1.1 11
43°3 48+8
643 643

360 361
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Coxum_carvi. (Carawsy)

Pexr cent fot content in sedis = 9

Por cont non~saponifiable ﬁa‘mi.al =13

Todine value of methyl esters (ohserved) = 110 (ealoulated) = 111

Silver Nitrote - Silicic Acdd Chromstogrephy

The esters (250 mg.) in light petroleun (5 ml.) were
adsorbed on to the columne.

Eluont Volvme(ml.) Weisht(mg.) %, Taentity
Gtherilight petroleun

1:99 25 15 6°2  Saturabed
3:97 25 37
%197 | 25 85 561, Honoene
3197 25 23
5:95 25 52 36k Diene
5:95 - 25 37?
Poar cent recovery = 96
Gomponent Aolds Por cant Molaw Per oent Weight
Polmitic 6°0 - 85
Palwitoleic 0ok e Qely,
Sbearic : 1-3 "3
Potrogelinia 57°6 379
Oleic 18- 18+3
Tinoleic ' %65 366

L PR e I S e G- S T~ UL ('O

¥ Y



w] Qe

Conium macul.atin

Por cont fab content in seeds = 10
Por cent non-ssponifisble material = 6
Todine velue of methyl esters (observed) = 9k (ealeulated) = 97

Silver Nitrabo ~ Silieic Acdd Chromatography

The esters (250 mg.) in 1ight petrolewn (5 ml.) were
adsorbad on to the column.

Tluand Volume (il . Weight(ng.) % Ldentlty

Biher: light pebroleun

1.:99 . 25 1L Lok, Seturated
3:97 25 2%

5:97 25 107 77 Monoene
3197 25 35

5:95 25 45 18 Diene

Per cent recovery = 98

Component Acids Por cent Molsy Pex cent Vielsht
Palmitic koG | %eb
Pelunitoleio 03 ' 03
Stearic 0°3 0+3
Patroselinlc | 603 B 60*6
Oleic 16°8 16°9

Linoloio 1803 | 18+3




Hevacloum mantegayeicnun

Per cenbt fot content in seeds = 9
Por cont non~gaponliisble material =7
Todine value of wethyl esters (observed) = 107 (ealoulabed) = 103

Silver Nitrate -~ Siliecic Acid Chromebogrophy

The esters (250 mg.) in 1ight petrolenm (5 ml.) weowe
adsorbed on to ‘the column.

Eluent Volume (ml., ) Welght(ng.) 2 Laentd by

sthew:1ight petroleun

1:99 25 15 6*2 Baturated
3:97 25 52

5197 25 80 68 Honoene
3297 25 5.

81985 25 o2 26 Diene

Pew cent recovery = 96

. Component Acids Pex cent Moler Por cent Welrhtd
Pelnitic 60 | 2%
Pelnitolele 0*2 | 02
Stearic 0*3 P s 03
Petroselinie 835 536
Olelc 15 i

Linolelc 25 25’ 2




w106

Apiwa preveolens {Ceolexy)

Pey cent fot content in sesds =1l

The mixed acids, ofter extraction of non-gaponifiasble
maberialy, were converted to the methyl estors and exemined on the
gas~LLquld chromatograph el 161.% using 5 % polyethylens glycol
adipate / celite ns the stationsyy phose.

Gaxbon lNumb oxrs

Bixed Estery Hydropenated Mixed Nsters Ldentity
13=5 153 -
16+0 16-0 " Polmitic
1645 16k -
177 176 -
18-0 18+0 Btearic
1845 - Pebrogelinic/

Qlede
18°9 - Linoleio
15-3 : 19+3 : 54 -
1946 - -

The unidentified esters sve prosumably vesinous meterigl -t
which mokes the quantitetive anolysis of the celery seed eslers

given below only epproximaie.

Component Aclids Per cent Molar Por cent Weight
Pelmitic 8. 0 i)
Polmitoledo 03 0-5
Stearic 05 05
Petroselinic / Oleic 65-0 65- 5
Linoledle 26°Q D

O

-0




Ganparison of () Anelyses obialned by Silver Witrete/Silicic Acid

=y k 07...‘.

Boble IV

Chromatograply, and (b)) Anslyses obigined by Gas-hioquid Chromatogrephy

Petrogelinum sativam

Dauous carobe

Cordendrum sobivan

Anthidiseus cevefolium

Gomm carvi

Satburated
Honoens

Diene

Saturated
Honoona

Dlene

Satureted
lonoena

Diene

Soturated
Yonoens

Dieone

Satuvated
Monocene

Diena

15'1;.

. 245

80
17+5

7°0

55+7

Y

622

56k

3674

(b)

6*5
82
12

83+2

A
.
e

120

68

5622
3626

PELR Y B
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Tabla TV {cont.)

(a)

Saturated hal.
Goz;iwn naculobun HMonoene 77
Pieaw 18

Saturatod 6D

Heracloun mantegaysienun HMonosne 6o
Diens 26

The $lgures glven srye pevcentoges by welght.

(b)

3«9
78
1841

2592

;
i
;
5
"s
;
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