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HIGHLY UNSATURATED ACIDS FROM THE BODY OIL 

OF THE SOUTH AFRICAN PILCHARD. 

CHAPTER 1. 

IHTRODUCTIOI~. 

Ample evidence exists that the people of early 

civilisations were f arr..iliar .with the use of fats and Yvaxes. 

Klemgard (1) mentions the fact that the Egyptians used 

olive oil as a lubricant for moving large stones, statues 

and building materials, and that gPoases consisting of a 

fat and lime, together with other materials, were used for 

lubricating the axles of Egyptian chariots as early as 

lL!-00 3. C. Friedel ( ~) a;::.alysed the contents of a number of 

earthenware vessels found in Egy-ptian tomi)S a nd showed that 

these contained naturoal fats such as palr,l oil and .mutton 

tallo~presumably intended as provisions for the dead. 

The use of soap is referred to by Pliny ( 23 - 79 A.D.), 0ut 

was undoubtedly known long before his tine. Candles made 

of tallow were used by the Romans, ·v~hile the spreading of 

oil upon the sul ... face of water appears to have been lcno·.m oy 

Greelc sailor's and was applied by them in subduinG vraves 

during storms. 

The purposes for which fats and oils al"e used 

t oday in modern t eclmolO!JY arc primarily the same as those 

for which they ..,-:ere emplGlye d in anti quity. Aside from 

their use as foodstuffs~ they arc consumed in the production 

of · paints, varnishes and lacque:;_·s, cosmetics, pharmaceuticals , 

soaps, lubi'icants~ fuels and illuminants, while moPe Pecent 

uses have been in the manufacture of textile processing 

aids, synthetic resins and l"U'bbers, insecticides, rrced 

killers and de-emulsification agents for the production 

of petroleum oil . The number of :9roduct s cleri ved fx•om 

natural fats and oils becomes increasingly larger each year, 

and nations have been moPe than ever concerned in t aking 
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steps to ensure adequate supplies of these valuable rarr 

materials. 

In South Afx•ica some trro and a quarter million 

pounds worth of fats, oils and waxes were imported durin~ 

1951, but since then the amount has been considel.,a.bly 

decreased owing to the expansion in oul"' own pl.,oduction of 

these commodities. Locally produced castor oil aDd 

sunflower seed oil ape bej_ng used to an i11creasi i.1!1 extent , 

while the expansion of the South Af'x•ican fishing industr~,. 

has in large measure led to a 1.,eplacement in the use of 

imported linseed oil by refined i7lari ne drying oils in the 

manufacture of paint . 

The principal South African marine oil cowes from 

the pilchard (Sardina ocellata Jenyns) ~hich occurs in laPge 

shoals along the coast from Cape Tovm to Lambex·ts :Qay. 

This area is under the influence of the cold and phosphate 

rich Benguella current which originates in the Antarctic 

and wells up against the continental shelf ncar the mouth of 

the Ol"ange River. As this cul.,l'ent rises i nto the photo­

synthetic zone of the ocean, conditions are ideal for the 

growth of plankton, and the consequent abundance of marine 

life has earned descl.,i:ption of the coastline as 11The viorld' s 

Richest 100 Miles of Sea11 (3), The Union's Pilchard 

Fishery is principally centered on this area , vhile other 

rich fields occur further north, near \7alvis 3ay. 

The fish are caught in nets from trawlers 

operating at night , and are delivered to the nine processing 

factories along the coast ·:rhere th8J,~ are pumped into the 

bins feeding the fish meal plants . After cooking under 

s t eam pressure fop 20 minutes they are d i scharged into 

conical scpew presses ~hich f orce out the body oil and 

stickwater leavin~ the meal which is ftu.,ther dried and sold 

to balanced feed 1.1anuf'acturers. The liquid discharge from 
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the presses j_s passed through filtering SCl"eens to remove a 

cel"tain am·ount of· suspended solid matter aEd. is then 

centrifue;ed to recover the oil. AfteP 'i·ashi::_: o. second time 

in the centrifuGe, the oil is ready for despatch to the 

refinel? either ii-1 drums or by means of 15 ton road tankers. 

Rmr mar•ine oils al"e su'"uject to co'1SidePa~Jle 

var•iati on L1 cor;1pos i ti on r:i t~1 season and aPe :.toreo7er very . 

unbalanced oils I"or dil"'ect use in the paint industr~~. 

Further refini n: i s undePtaken chiefly by : essps r .al..,ine Oil 

RefinePs of Africa Ltd., whose factory is situated at 

Simons town. In their yla~t,mari~e oils and others are 

treated by the Solexol process ( L~) involvin~~ countel..,-CUl,l"ent 

extl..,action of the oil VIi t~1 liqui6. propane in a toi'ver over 

w'tlich a temperatut>e gradient is r11a intaL1ed. The pPocess 

achieves the removal of a large proportion of t~e relative~y 

saturated glycerides , the natural a;,1tioxida.nts, and the 

relatively highly unsaturated components, all of ·,-lhi c:1 are 

detriuental to the eventual formation of good paint fiDas . 

The segre,:sated marine oil from the Solexol process is then 

bodied oP polymerised at high te~:1veratures to yi<:..ld a 

"drying oil" which is used as a suJ)sti tute foP lloC:.ied linseed 

oil in paints. 

J:'he chemical l,cactions taking :9l ace dui'in :::; the 

polymerisation and dryii.1g of these oils al,e of an c_:ti'emel~r 

complex nature, and foP their understai1ding it is necessary 

to have a:..1 accul"ate :cw1:1ledge of thC; chemical natul"e of the 

component fatty acids in the r~atural glycerides . It is to 

this end that a :::'ellowship has beei-1 el1dowed o:r :l!essrs ; . arine 

Oil Refiners of Afl.,ica Ltd. at the la"boratories of the 

South African Council for Scientific and Ind:usti'ial I-tescarch 

in Pl..,etoria. The author has 'bee'i.l the holder of this 

award for the past two years ancl. the results of the research 

he has undertaken are presente d in the following pages. 
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The term 11 marine oils 11 in this r:ork should be under•stood 

to mean marine fish body oils 9 marine mammal oils beinc 

excluded from consideration. 

( 1) E.N. Klemgard. Lu"';:>ricating Greases. Th0ii" LanufactuPc 

and Use. ~einhold. New York (1937). 

( 2) C. Fri e del. Qomp~! :Re!1q.. 124, 61~-8 ( 1897 ). 

(3) W.I.:. Ecale-I:ay. ~~'I'ic~n. Ind. Chemi t;>t 4~ i..:-16 (1950) . 

(4) A.L. Stu1J!Js . 8 . Al'rican Tnd. ChC:i.iist 5; 8 (1951). 
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CFMTER 2. 

THE I~ATU~E OF :.~ARI:~E OILS J..J.'TD P:::<:.s-viOUS 1;.:ou..K 

COFCEm:n;G T~IE IR C o~:.~OS ITio:·:. 

r:arine oils a:L~~ probably the most complex o1' all 

natur ally occurr:Lng fq.ts. S~ipo:'lifico.tion of these oils 

results in t he li"oeratiou of a variety of fa tt;.r acids fror1: 

their combination as glycerides, and also J.Jl~ovides a frr:.c ti on 

of so-called "non-sa1_Jonifi ablerr ma t cria l. C otGrtlOll 

consti tuents of the non-saponifi able portion arc cholesterol , 

squalene , vitamin A, a-gl~·ceryl ethers, saturs.ted h:rdro­

carbons and fatty alcohols I'E..,pr·esentine; , togeti:.t,:;.~ \7i th Sinal l 

amounts of other substm:ces , some 2 - 7:0 of the total oil. 

The non- saponi fia1Jlc f:L"action of marine oils is however of 

little importance i n regard to their use as dryi Dg oils, 

and their application in tho paint industry depends almost 

entirely upon the natur·e of' tht.. fatty acids present ill t~1c 

glyceri de portion. 

The Analysis of L~ c,rine Oil J'atty Acids . 

The isolation and identific ntion of th~ a cids 

compr i sing a natural fat is CCi1erally a diff:Lcul t ··Jrocess, 

but is re;.1dered extremely complex 1!.1 tho c ase of' ue-:;.~ine 

oils by t he diverse nsture of the acids prese;.lt . :L,ovm~n ( 1) 

in a re9ort on t~~ de~ot fa t s of aquatic aniillals records 

that acids of from 12 ~ 28 carboD atoms in chain length 

have been discovered, wi tl! dugrecs of UilSatuPation rancL1£ fro1u 

one to seven double bonds per molecule . J.ccent experie;.1ce 

indi cates that acids with all possible degrees of unsaturation 

may !Je prese11t in a sir:gl e oil 9 and that v7llile ccr•tain acids 

may ·be corili-non to many oils 9 there is no uniformity in tr!o 

nature of the acids found i n marine oils in general. 

O.Jing to the extreme complexity of these materials 

no single method is univepsally applicable to their anal~sis . 
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In all cases seve:-eal muthods of differing applicability nus t 

·oe used in appropriate sequence to deterwine the cqrri:9osi tion 

Ol' to isolate individual acids. 

The Isolation of Individual Acids f ror.1 ~laPine Oils . 

Since the turn of the century,Japanese ~orkers 

have consisteDtly led the field in tne isolation of 111arii.1e 

oil :fatty acids. Their work has been chiefly co~cerned 

with Japanese sapdii.1e oil which is closely similai' in ·natm·e 

to pilchard oil. 

Rece"L1t investigations of marine oils have ·been to 

a large extent inspired ·;J~r the Jc.pancsc '.v orkm:s, ·Jut r11any 

of tho result s are open to considera"ble cri ticis1n on tlle 

grounds that the methods used foi' the isolation of i~1clividl.l~· l 

acids have been such as mi0ht have caused extensive modifi -

cation of structure duri~3 processinc . \!hile it is not 

intended to discount the existence of the acids re~orted, 

the assignment of douole bond positions in the carbon 

chains cannot be accepted unreservedly. This is chiefly 

because the isolation of acids :from mi xtures by means o~ 

vacuum distillation ( a t 0 .1 mm. pressure) L1vol\~i:1;; prolo~.1gcd 

heating durii.1g :fractionation, is known to cause :;_Jo l;ymcrisatioi.1 

and isomerisation Peactions i n the c ase of corn:poun~s ~ith 

more than three double bonds pel" molecule ( 2) . In all 

probabiJ_i ty, thei•efore, certain of tl1e acids o"0tai11ed '.Vel·e 

heat altered, an~ the double "bond positions assigned on the 

basis of permanganate oxido.tion or oZO"L1olysis pi'oducts, may 

not be those of the original compounds . 

In recent years the use of vacuum distillation has 

1;een superseded ~JY that of it1olecular distillation v.rhere 

highly unsaturated acids ere concerned. While raoleculal" 

distill a tion does not affol"d such higl1 fr2ctionation 

efficiency, the risl~ of isomerisation and decomposition is 



- 7 -

greatly diminished. The use of falling film stills in 

v-,rhich the distilland is sulJject to the minimum contact tiL1e 

wi th the heated surfnce, has been a modern devclo9ment (3) 

replacing the older type of pot still in whic:1 the ·;;holu 

bulk of the distilland was heated for n considern~le time. 

The very thin films oDto.ina-Dle ;,7i th these stills j)Crmi t t he 

escape of substa:.1tially c.ll of t he molecules vthich nr'e 

distillable at a given tempePature, ·;1hereas i !·1 a pot still 

a high pPoportion of these molecules are, in general, not abl e 

to reach the surface of tho larce bulk of distillai1d vvit hi::-~ 

a reasonably short time. Farmer and Van den Heuvel (4a, b) 

applied f alling film moleciular distillation t o the 

unsaturated acids of fish oils and claimed to have i solated 

docosahexaenoic acid (c 22 hexaene ) in a high state of purity , 

as well as to have separated the es t ers of c16 , c18 and c20 

polyunsaturated acids with considerable accuracy. 

Acids_ Isolated from l ·arine Oils. 

The following list of a cids isolated from marine 

oils gi vos some idea as to the vari e t y of t ypes that are 

encountered. 

Saturated acids. 

~ost of the well known normal chain satur~ted 

acids have been isolated , e . g., lauric (o12), myristic (c14), 

palmitic (c16), s t earic (o18), arachidic (o 20), behenic (o22) 

and lignoceric (c24). 

Mone thenoid acids. 

r,;ypistoleic ( c
14

) and palmi t oleic ( o16) acids 

have -ocen reported, the latter of ten in high proporti on. 

Frequent , thouch ndnor constituent s are gadoleic (o20), 

cetoleic ( c22) and selacholeic ( c2l.~) acids . The last 

named is also known as nex•vonic acid and is a conrr.non 
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constituent of orain cere~rosides . It is of interest here 

t9 note that the fatty acids of brain lipids are o:Z a vel. ... Y 

similar nature to those occurring in marine oils (5) . 

Di ethenoid acids. 

Linoleic (c18) acid whi ch is usually a major 

component of' natural oils, appears to oe absent L1 all ·!YL:t 

a few marine oils and, where found , is generally considered 

to have a differeDt configuration to that occurx•L1g i:.1 .:._J l ant 

and animal fats (6) . A c 20 dienoic acid has ~een isola t ed 

from fish oil ( 7) , but dicthenoid acids do no t appc::r to ·jc 

common. 

Triethenoid acids. 

Eiragonic ( c16) acid has been found as a 1.1inor 

constituent of J apanese sardine oil (8). Linol enic (o18 ) 

acid and its isomers hav e not been reported, al thou.zh t!.1o:c .. e 

is evidence that these acids do ocvur i n marine oils. 

A o20 trienoic acid has been r eport ed i n the oil of a 

:l.~edi terranean fish ( 7) . 

Tetraethenoid acids . 

Among tetraethenoid acids, moroctic ( c 18) ac id has 

been isolated fi•om sardine oil (9, 10), while arachidonic 

(c20) acid appears to be a major constituent of most marine 

oils (11). The isolation of an unusual c16 tetraenoic 

acid from South African pilchard oil is descri~ed in 

Chapter 8 . The name marinolic acid has been proposed for 

this compound. 

Pentaethenoid acids . 

Timnodonic (c~0 ) acid has been ootained f rom 

sardine oil ( 11, 12), \lhile clupanodonic ( c22) acid is a 

major consti t uent of practically all fish oils (lj). 
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Scoliodonic (o2~) acid and shi~ic (o26) acid have ~ecn 

found as minor constituents of tunny and other oils (14, lj). 

Hexaethenoid acids. 

A o22 hexaenoic acid has been isolated from 

Japanese sardine oil (16) c~Q fro~ cod liv~r oil (4a~ ~) . 

Two o24 hexaenoic acids, thynnic and nisinic, have also be~~ 

obt ained from Japanese sardine oil (17$ 18). 

Heptaenoic acids. 

Among heptaenoic acids' those V!i th c2L~ a~1d 02G 

caroon skeletons have ~)Cei.1 Pe:ported to occur in several 

fish oils (1, 19) . 

While the list of acids isol ated from marine oils 

appears a fairly large one, recent experience ii:ldicates 

that it represents but a small number of the full ranee of 

acids which actually occur in these mEJ.tcrials . T~1e 

unsaturation found in marine oil acids is of the non-

conjugat ed type , and no conjugated members have ever ·aeen 

repox•ted. 

The Analysis of ~~aril:.e Oils '.li thout Isolatioil of 

Individual Acids . 

A large numbel" of p apers havE.- appeared in the 

li teratur<:: giving the analysis of marinE.- oils :::ts de t crmi:-wd 

by the conventional Hilditch distillation method (19). 

While the 1.1ethod is entirely satisfactory in the case of 

relatively simple n~ tur•al fats, it should be pointed out 

that in the case of marine oils it affords only an rnJpiric 

~ssignment of unsatui'a.tion between the compoi.1ent chain 

lengths and does, moreover , suffer from a disadvnntage in 

r egard to thermal modificatio, of the more labile components . 

Little has ·been done to overcome the disaclvantar; ~.:::;s 

of the Hilditch method as far as ~arine oils are concerned, 
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out an attempt has now been made in the case of· South Africa~l 

p ilchard oil and will 1)e discussed l ater . I n a11:,- attempt 

to provide an analysis of marine oils \dthout isolation of 

individual acids, the difficulty is not so much i n the 

choice of mild techniques in order to o·;Jviate structural 

modification, but in the accurate assi gnment of unsatu:...., a tion 

between the amounts of each chain lei.1gth prese;.1t , i. e . , the 

postulation of the number of acids havii1g a given ch ain l eDgth 

and the degr ee of unsaturation of each. 

Previous Work on South African Pilchard Oil . 

Littl e previous uork has been carried out on the 

body oil of the South African pilchard, and the only 

investigations of any significa nce are those of J l ack and 

Schwart z (20a, b) . These authors carried out an ana l ysis 

of the oil by the Hilditch method a nd rep orted the composition 

of a typical batch c.s follows: 

012 

014 

016 

018 

0 2o 

0 22 

Saturated acids 

t1..,ace 

5.6 

13 .1 

1.4 

o . 6 

0 . 3 

Unsaturated acids 

2 . 3 ( - 2 . 0 H) 

17. 6 (-3 . 0 H) 

16.2 (-LJ .• 3 H) 

26 . 8 ( - 8 . 8 H) 

16. 2( - 10. 7 E) 

Such an anal~rsis t ru~ov-ls l ittle light 0!1 the 

chemica l nature of the component e.cids, but does serve to 

indicate that by f ar the great e r proportion are of an 

unsaturated na ture . !_.,.eale :·ay ( 21) has discussed t he 

industrial processing of pilchard oil, while Jou·oe:.. ... t and 

Sutton (22) have i nvesti gat ed the properties of s t and oils 

( pol ymeric oils) derived from it. Nevertheless, until 

the present investigation •ilas undert aken i :;. Pretol..,ia, no pure 

acids had been i sol a t ed from pilchm ... d oil and p ractically 

not!ling was known of its composition. 
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The investigation has been conducted with the dual 

aim of isolating individual acids, and of providi~1g a com:t;>lete 

and unambiguous analysis of the oil VIi thout the necessity for 

the isolation of any components. 

(1) J .A. L ov ern. n?he ComDosition of the Depot Fats of' 

Aquatic Aninalsa. Food Investigation ·:oal.,d, 

Special Rep oPt }~ o . 51, H.: :. S tationCl.,~r Offices 

London ( 1942) . 

(2) F . A. Norris , I.I. Rusoff, E . S. ~iller ~ G. O. ~urr . 

J. Biol. C h0m. 139, 199 ( 1941) ; ibid. lL!-7, 

273 (1943) . 

( 3) D. A. Sutto~. Chern. and Ind. 1383 (1953) . 

(Lj.) E.H. FarmeP G: F . A. Van de;.1 Heuvel. 

(a) J . Soc . Chern. I nd . 57, 2L!- ( 1938) . 

( b) J. Chern. Soc . 427 (1938) . 

(5) E . Klenk& Vi . i=l one:ard. Hoppe S eylcl-. ' s Zeitschrift 
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CHAPTER _j_ . 

PRELII:I ;_,:A..'tY EXPERTI,31·~·Ts O:L ~ 

§QgTH AFRICAI.. PILCii.tJ..;.=(D Oil:. 

In this chapter an account is given of certai:1 

prelimi nary exper•iments carJ.:•ied out on Sout ·~:;. Af rican pilchal~cl 

oil. The investigations were of creat value in indicati~C 

a possible approach t o~-.'ai·ds a:;. anal:~si s of the oil, .. Yut · :el~e 

intended only to pl"'ovide the ·Jasis foi' the fuller i nvesti­

gations reported in subsequent chapters. 

In dealing \'Ti t h a complex mixture of fatty acids 

such as that obtained on sapo.lifica tio11 of a 1,1a:..~i ne oil, 

the first essent ial is a means for su~division of the 

mixture into fractions of a more homogeneous nature . 

Segregation of a co:.1ce;.1trate of the more hi ghly unsatui·ated 

acids can be achieved ·!JY means of the li thium soap-aceto11e 

procedure of Tsujimoto (1) . The met hod depe:1ds upo-~1 the 

fact that the lithium salts of the r!i.Ol"'e satui•ated acids ai.~e 

less soluble in 95}S aCJ.ueous acetone than al"'e the lithium salts 

of the relatively more unsattn•ated acids . E~uili~ration of 

the li th:i..um salts of total mari:ae oil acids '.Vi th 95;: a~L"-~eous 

acetone results therefore in precipitation of the ~ore 

saturated soap~leaving a concentrate o~ unsaturated 

material in solution. A~ylied to pilchard oil, this 

procedui·e afforded a c oncentl"'ate relJl"'esel-:.ting 30i~ of t~1e 

total and having an average unsatu1"atio:.1 of appro:::imately 

four and a. half dou1Jle "bonds per r:lolccule . 'l'he total 

pilchard acids had an average unsaturation of slightl~ less 

tha:1 three douiJle bonds per molecule , so that a reasona!Jly 

efficient separation between relatively saturated and 

unsatul"ated acids uas achieved. 

The concentrate of m1saturated acids o-ot~:-:.ined by 

the l ithium soap-acetone method is, in the case of I!!ai'i:.le 
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oils, still a very complex mixture,· and other means are 

required for its further subdivision into fractions of 

simpler composition. The technique which seemed most 

lik~ly to be profitable in this respect was falling film 

molecular distillation (2), and this was accordingly 

investigated in application to the unsaturated acid 

concentrate from pilchard oil. 

A three stage falling film still was available 

for this purpose (3), and in it the residue fPom each stage 

of distil lation vV'as redistilled at the next. The still 

is represented diagrarnnatically in Fig. I. 

In operation, the still was evacuated to a pressure 

of lo-5nun. with an oil diffusion pump, and each of the 

distilling stages heated 'by ~)oiling a solvent of the required. 

b.p. under reflux using a small electrical imn1ersion heater. 

The distilland was then allowed to pass slowly through a 

needle valve from the reservoir to the degasser, where 

dissolved air and low boiling solvent were flashed off as the 

liquid filmed over a heated surface under vacuum. On entry 

to the first stage of the still, the liquid was distributed 

over the milled glass surface of the he a t el" -by means of a 

small distribution cap. As filming took place down the 

sides of the heater, distillation occurred~ and. the residue 

from the bottom was allowed to drip onto the second heated 

s t age. The di stillate condensed on the inside of the glass 

surface surrounding the heater and was allow·ed to drain into 

an inclined gutter fPom where it was led off to.the peceiver. 

The distillates f rom the second and third stages were 

collected similarly, and the residue f rom the f i nal s t age 

allowed to drip direct into the residue receiver . 

I n the first experiment, the heaters of the three 

stages were maintained at t emperatures of 96°, 108° and 130° 

with boiling water, toluene and xylene respectively. 
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receiver 2 

Distillate 
receiver 3 

....-~::a::~ater condenser and 
electrical immersion 

heater 

Inclined gutter 

Built-in tube to 
contain solvent of 

required B.Pt. 

Milled glass outer surface 

Residue 
receiver 

0 2 

I" .I 
4 
I 

6 
I 

8 em. 
J 

Fig. I. Three Stage Falling-Film Molecular Still- No.1. 

(The residue from each stage of distillation drops 
on to the heated surface of the next stage and is 
re-distilled. The distillates drain into inclined 

gutters leading to the receivers.) 
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The concentrate of unsatur·ated pilchard acids \las d.i vi{ted 

into three fl"actions and a residue as shown in Ta.:.Jle I. 

Table I· Lolecular Distillation of the Concentyate of 

;--- --:·-~i sti~~~~t~~n ~- ~ -~~igr:·------ ~- Refr-active !
1

. 

Fraction Eq_ . . :t. I itlde~: 
tem:pel"atur-e (g.) ~30o) ! 

I 
f--
I 
Unsatu1~ated 

concentrate 

I 96° 

II 108° 

III 130° 

Residue 

333 307 

27 278 

L:.s 283 

80 297 

175 320 

I ---~ 
I I 
I 1. 1.~857 

I 
I 
I 
I 

1. ~-755 

1. )_~785 

1. L:.D52 

1. 4915 '. I 

The encoux•aging fractionation into .croups of acids 

with increasing average equi val ent weight sho·.vn iD this 

expei•iment, pl"ompted a:1 atterrmt at furthei" st,_·:: c-:. ~_vj_sion of t he 

fractions by molecular distillation. Accordil1gly Fr•acti o:1 :III 

(Table I) was subjected to three addi tional stages of 

distillation with the l.,esults sho'.7D in Ta:Jle II. 

Table II. r,:oleculai:' :i)istillation of Fraction III ( ;:,;a·;jle I). 

Fr action 

Fr action III 
(Tab l e I) 

1 

2 

3 

Resi due 
!..-.--

!Distillation ~eight ~ 
! Eq_. 
1 t emperature I ( tJ.) I Vlt . 

73 297 

96° 26 . 1 269 

j 108° 26.2 279 

I 120° 13.9 320 
I 1.5 jL1.8 
1 

Iodine 

value* 

306 

316 

318 

1.!.00 

32j 

** ' ~;· o. of j 

dou~'Jle o onds I 
peP mol ecull 

J o ) I 
3. 9 ! 

5. 1 

~ Wijs method( ~ hours ). 
** Calculated fpom i odj_:1e value and equivalent /Ieight. 
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A further satisfactory fractionat ion with reNar~ to 

equivalent r1eight and unsaturation rras achieved. iD. this 

experiment. The anal:vtical v alues of F:r•action G '.ler·e 

similar to those of a c 22 pentaene acid (Theor : Jq. wt. = ~JO 
and number of double bonds per -illolecule = 5 . 0) , so ·.:i th a 

view to determining whether or not it might be possi~le to 

achieve the isolation o:L a pui'e comp ound "by means of 

molecular distillation (2), this material was s~Jjected to 

further fi•actionation as shown in Ta~Jle III. 

Table I II. I.olecular Distillation of Praction 3 (Ta."ble II) . 

i ------,--·- -·- --;---;.:---- - ·f·1i~--, ~ - . 
• I l.O , 0 I .:~.el. .(.' . . I 

I 
Distil-

I Fr•action 
I 

latj_ on 

temp. 

'~Ieight I Iodine! · _ _ ,. 1 
;Eg_. Ylt . *j' c1ouule oonds 1ndex 1 

( g , ) j' value I ner molecule ( 21 °) I 
i - l 
I : 

I 
I I Fl"action 3 

(Table II) 13.9 320 ~-00 

A 96° 2. 3 316 373 1.~ . 6L!-

108° '• 6 ~r • 321 385 1; .• 87 

c 120° 2. 2 3L!-O 385 .5 . 15 

Residue 1.0 3~-2 379 5 .10 
' l-

~ijs method (3 hours) . 

.tf.n: C alcu.latcd fl"om iodiDe value a11c1 equi valei.1t \le i ght . 

I 
l 
i i 

I I 

I • 

l
l. L!-97G ~ 

1 :~cr:; 

I 
A 1..., • •• /.-/ i 

' n · "" i ., .. 
l 1 . -.... • :-:J ! 
l . 
I 1 ~·r·c '~ i • _.) "-' \ ~ i 
. ' --

The results of this experiment shou ed that 

Fraction 3 ( Table II) was still a complex mixture . This 

is particularl y evidenced by the rat1ge L1 double ·oond values 

of the su!J- fl"actio:ns o·,Jtained. on distillation. The 

distillate from the t hird stage (rraction C) rras 0--;_r no means 

pure, but was nevePtheless probabl y a r•elati vely simple 

mixture of acids . This material was analysed a~d the 

results are presented. for• comparison ':7i th those theoreti-

cally required for a c 22 pentaene acid (~able IV) . 
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·----·------·--·---~ .. ----------------~ .. -~·-- -·-· ···-··-
) ~ ~ 

I' TOCO:i."', IOl' 0 00 
~~action C ~~ 

i Analytical value 

j 
~-· -.... -·--; 
-~------1·- yentaei1C acid 

! 
EQuivalent weight 31..1_o 1 j3o I . I 
C ar:Jon; Hydr•ogeil 
percentage 

I 
8C. 9; H, lO.bl,C, 00 .0; H, l0.6ci 

I Iodine value' 

Double b onds per molecule' 

r.r. p . of hycil"'ogerlatioD 
pl"'oduct 

.* -- t k Dr~/-- SO .r12 u.p a e .J. U; -'-'a-· ~- . 

385 - r· I 
..JO :<-

5. 0 

.· 0 u0 .7 

·_;hile most of the anal;Jrtical value s of J:t'Pact i on C 

appear to be i n reasonable agreement ~ith those reQuired 

for a c22 pentaene acid 9 tu.e clue to its state of puri t3r 

is given !Jy the mel ti:·i.g point of its hyc1Poc enation p roduct . 

In dealing with homolocous series o f fatt y acids 9 a ranee of 

2° L1 the observed mel t i:':g poir:.t of a give:-:. rJate:L"'ial 

indicates a high deg:L"'o·e of contaDi:>ation :)y oti1Cl'' coapone11ts. 

}::'or I•easona'blo assui•anco of pUl"i t;y, a s L1.:;lc acic.l should 

preferably melt over a range of 0.3° o~ les~ and certainly 

over not more than 0. 5°. 

Considox•atioa of the results o-:Jtained o~-:: successive 

redistillation of pilchard acid fractions sho~s that 

mole culai' distillation i s ave:";./ ef:Cicieat mea11s o:L' o·btaLJ. i "lS 

material reasonably homogeneous in chain lengt h . Since the 

vapour pressure of the coi;lponents in a c rude lYlixtu:.•e is 

chi efl~ d epende11t upo~1 chaL1 l ength 9 tl,1e :fi:L"'ocess is not 

likely to afford any useful fractionation rrith r egard to 

degree of unsaturation. A limiting facto~ in tho 

application of'rnolecular distillation as a ~cans of sub-

dividing mixtures of acids is the 1-uanttty of ;:uate:;:•ial 

availaole a t the start. 
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333 g. of unsat~rated acids yielded only 2 . 2 ~ . of the 

final Fraction C. The disadvantage occasioDeG. 1Jy the la!:;ouP 

involved in successive repetition of the distillation, has 

no~ been overcome ~y the construction of a still by means oi 
I 

wlti ch, in a sin~le operation , each distillate i s redistilled 

i nstead of each residue as previously descri~ed. LJ. this 

still, desic~ed a~d perfected ~Y Dr . D. A. Sutton or the 

South African Cou~cil for Scie~tific and Industrial Research , 

the combined residues fPom all stages are conti11uously 

recycled, and each fraction collected after distillatioJ at 

three successive stages . The still i s diagramiilatically 

represented in Fig. II, and photographs of a t~o stage 

prototype are shovrn on the following page. The details of 

construction a11d oper·ati on have a ow oeei'l pu!Jli shed ( j".J) • 

Counter- CUl''l .... ent Dis tz•i out ion of Pilchard Ui1Sat.u~:a.ted Acids . 

Since molecular distillation , iiiti.1 all its raeri ts, 

did not seem to offep a means of obtaiai!.1g pUl"'e compounds, 

an attempt was made to resolve a mixture of unsaturated 

pilchard acids by means of the '.roll knovm Cl"'ai g Countel"-

current Di stri ~Jut ion tech11i c;Lue (1.~) . This t echnique, 

involving successive pa:t"'ti tion of the com~9oner:ts !Jetwee~1 

two ir:1ffiisci1Jle phases, has achieved r>ecorrni tion fol"' its 

remarkable effici ency iJ application to b iological materials 

Ylhich are frequentl y complex nixtu:;."'es of closely l"'elated 

chemical compounds . 

An attempt '.;:ras made to resolve :7 re.ction III 

(Table I) using the t~o phase solvent system r esulting from 

a mixture of isoheptane : acetonitrile : methanol : acetic 

acid (4:1:1:1) . This syste1.1 had been successfully employed 

by Ahrens a11d Craig ( 5) for the Pesolution of artificial 

mixtures of c
12 

- c
18 

saturated fatty acids, and f or the 

separation of fatty acids from pig mesenteric fat . The 



Two Stage Falling-Film Molecular S till 

(Showing Control Panel, Pirani gauge, Oil Dif'f'usion Pump and Still) 

Two Stage Fallingt-Film Molecular Still 

(Detailed view) 
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paPti tio11 coefficient of 2 raction III in this solvent s'rstem 
- u 

was found to be neal" unity, "but after 2L!- transfel"'S no 

r esolution was evi~enced. The distribution cu~ve was or a 

unifor:n nature but devi a ted considei·a~Jly froE~ the theoretical 

curve calculated for the maximum. ~. d thdrarval of the mate:;.'i al 

in the 5 tubes a t each end of the cw:•ve, follm7ed ·:Jy 2L!-

additional t ra'i1Sfei' S o<1 the r.1a teri a l contaii.1ed i :1 the 1~-

central tub es , showed a distri butioi.1 cur•ve '.7i t h t·.-ro rnii.:.or 

i nflections on eithe~ side of the p eak. The l.,esol utioi.1 

obtained after 48 trai.1Sfers was thus insu.fficient to pl"ovide 

a pi•acti cal means of st(Jdi vi ding t !1e compl ex raiJ~ture of 

pilchard unsat urated acids . The failuPe of the li1ethod. ii.1 

this instance was dou!Jt l ess due to the ii.1sufficien t nuni'Je1., 

of tra~sfers whi c h it ~as possible to apply with t he 

available apparatus. An apparatus desiei.1ed. to a~1ply 220 

transfers has now been repoPted i n t he literatu~e (6) , and 

it is suggested t hat t his might afford a practical 

resolution of mixtu~es of pilchard unsatu~ated acids . 

Fractional CPystallisatio:l of Filchal"'d Acid f":ixtm:•es . 

I, ow ternperature Cl"ys t a llis ation L."'oi.l solvents at 

temperatur•es 'between 0° and - 70° i s a well established 

t echnique for the separation of fatt y acid mixtures into 

fractio11s of simpler coinposi tion • The exte~sive work of 

. -J row:1 and his colla-oora tors in this field has 'Jee::. l,evie·.red 

by r:arkley ( 7) . 

Applica tio<1 of the t echnique to a r;lixtuPe of 

J!ilchard. unsatul"'at ed acids ( J'ractio~l III ( ':'a.'ble I)) 

dissolved L l acetone, afforded so;11e useful f r act i onatioa , 

but the results were not as e1.1couraging as those o·.)taiDed 

by molecular distillation of the s ame matel,ial. I n OI'dei" to 

gain some indication as t o the nature of the chai n l engths 

present i n Fr action III , it •.;ras sta-oilised 1Jy hyfu"'ogenati on 
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· and the resulting mixture of saturated fatty acids su~mitted 

to lovr t emperatu:.."'e fracti o~1al crystallis ati~n fr or.; netha:..1ol 

s olution. The r esults are sho~n in Ta~le V. 

Ta"ble V . Fractional Cr ystal lisatio:: of 

Saturated Fraction III (Table I ) . · 

;,.. . . t I I 
1·:, e2gn 1 ; A vel"'::-. ,·:8 
1 lielt ing pointl -F l"'action Ap.;;)earance 
j ( m~ . ) ! e g . vt . 

r-----------~r---------------------~-----+-- i 
i I 

Saturated 
i I 1 
I 

Fraction Vi/hi t e 
I 180 60 . 5° III miCPO crystals; 57. 5 
I 

I 
68 .0 68 . 8° 1 "S1 • needles 25 .r-2ne i 

67. 3°1 2 l.eedles + plates I 38 65 . 0 
! 

3 Vlhi te micro crystals! 20 6·-: 5 67. 2° -. 
4 do . 20 

I· 
61· &:; r ol 

L,-f ~ - o7.0 

2L~ 61.0 6L~ . 50 I 5 do. I 
! i 

6 do . 15 
I 

57.5 59 . 8°j . 

7 do . ""? 54. 5 56 .0°1 :; 

8 (Residue) do . 16 53 . 0 ·-• . oo' - ~~ .·· I 

Examination of the results L1 Ta"ble V s hor1s that 

the longest c hai "i: material of avel"'a ge eg_ui valent ·.7eight .)16 

was prec ipitated first, and that further cooling of the 

solution afforded. iiiaterial of gr•adually decreasing egui vale·nt 

weight until a l"'esidue of equivalent "Height 25U.- was o·btaL.wd. 

The l"'ange of equivalent \7eights o"bsepved shows that acids 

from o22 ( eg_. wt . 3Li-O) to o16 ( eQ.. Vlt . 256) L1 chain lengti1 

8:re pl"'obably pi'eSei.1t in P.' raction III. 'I'he experii:1ent 

illustrates the need f oi' a quanti tative method of chain 

length analysis as a means foP detei·mL1ing the cha in le;.1gt:1s 

present ia pilchard acid fl"'actioi."lS fl"'Ol:! dist i llati on a nd 

· other procedul"'es . 
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Paper• Chromatography- o·P Pilchard Acid I~i_xtu.r~. 

H. P . Kaufmann and his fello·.: r:ol"'kers have rep o::cted 

the resolut i on of a nrunoer of unsaturated acids on pape~ 

.chromatograms using the techniQue of t·vvo diinensional 

development (8) . The mi~tures are spotted onto paper and 

developed in one direction with a given solvent, and then in 

a direction at right angles to the first, using a diffei"e :..~t 

solvent . Unsaturated acids have in s ome cases 0ee~ resolved 

from others as their maleic anhydride addncts. 

Attempts to resolve P.raction III ( Ta"ble I) ~;y 1~ea:1s 

of sevc1"'al developing solvents, gave only diffuse an.d 

elongated stl"eaks along the paper, indicating that the 

mixture was still .Jrobably too complex for analysis L1 ti1is 

manner . 

Among methods :lor resolviDg fatty acids or tllCir 

derivatives on paper chromatograms (9, 10, 11) , those 

procedures involving partition of the components bet ueen a 

~tationary non- polar phase adsorbed on the paper, and a moving 

pol ar dev~loper phas~ seem to have proved particularly 

successful (12 , 13) . The resolution of ~ractio~ III 

(Table I) was attempted using a p:eocedui'e devised after• 

consideration of pU~)lished methods . Strips of f ilter papsr 

were rendered non-wetting ·by exposure t o the vapour of 

dimet hyldic hlorosilane a!ld were then impregnated Yri t h 

medicinal paraffin as stationary phase . Fractio~ III was 

spotted onto these papers and the chl"omatograms developed 

~ith several concentrations of aqueous acetone . 0:1ly 
' 

diffuse stl->ea~:s \:ere shorrn aftel" spl"'ayii:J.g wi t h L1di cato1", 

shovving that Pr•action III acids ·.Je1"'G Dot r·esolva-ole, 

although i11 the c ase of an arti ficial mixtu:L~e of laur ic 

and myristic acids very clear resolution had been evidenced. 
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Ul tl'·•a-violet and I nfra- red Examination of Total Pi]..char·d 

Acids. 

Ultra-violet examination of the total pilchard 

acids in a Beckmann Eodel D. u. ~uartz Spectro-~)hotometer 

showed that no :peaks v.,rere apparent in the :;:·e.sion '>·215 -

}06o mp. . 
I 

No acids with conjugated unsaturation are 

therefore present in pilchard oil . 

Whi l e no branched chain acids have been reported 
/CH3 in marine oils, certain "iso fatty acids 11 ':;i th f"' ' - .......,CH-

j 
l:>ranching at t he end of the chain have recently been found 

to occur i n natural fats (14) . !Tormal chain acids with 

a terminal C- CH? group exhibit a peak a t 
:J 

infra-red ( 15), while iso acids VTi th the 

7. 25 }lin the 
Clh -c( :; grouping 
CH3 

exhibit an addit i onal peak at 7.3 p due to t~e coi~l':J i:1ed 

deformation vibration of the methyl groups (16). 

In order to ensure that no iso acids 1ere present 

in :pilchard oil, a sample of the total acids was stabilised 

by hydrogenation, and examined in a Pex•lcin-Elmol" sL1gle 

beam I nfra-red Spectrophotome t er as a .solutio~ i::. carbon 

tetrachloride. Only the ex:9ected peak at 7. 25 J.l ·.1as 

observed and no peak due to iso acids was appare~t at 7. 30 ~· 

A sample of the known iso acid 16-methyl-heptadecanoic, vtas 

used as a reference compound. 

Exaillination of the i nfra- l"'ed a·:Jsorytion cm've of 

total pilchard acids ( vvi thout hydrogenatio11) shmied. no peak 

due to trans bonds in the r ,egior• of 10.1 p.. The natul"'ally 

occurx•ing acids must therefore ·oe all cis IJOi.1ded. 

Discussion of P reliminary Experiments . 

Aside from the demonstration that no iso acids, 

trans bonded acids, or acids with conjugated unsaturatio~1 

are :pres~nt i n pilchard oil, the prelimi~ary experiments 

gav e little positive information regarding its compositioD. 
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These expe:r•iments did, horrever, fulfil a very definite need 

in indica:ting the requirements f or a successful a1.1alysis of 

pilchard oil. 

follows: 

These requirements may 1Je summarised as 

( 1) A full investigation of the use of the lithium 

soap-acetone and any other methods for achieving a 

preliminary segregation of the relatively t.msatur·a ted from 

the relatively more saturated a cids. 

(2) I'ore efficient and less time co nsuming 

molecular distilla tion technique. 

(3) A method for the quarltitative separation of 

s a turated fatty acid mixtures on a micro scale to pi.'ovide 

a means for chain l ength analysis of pi lchard ~cid fractions . 

( L:.) A method foP quantitat ive analysis of the sir,1pler 

unsaturated acid mixtures o":.)tained by su";)divisioi.1 of the total 

unsaturated concentrate . 

The requirement i n respect of mol ecular 

distillation was met b~r the constr•uction of a ne·:r three-

stage still to provide successive redistilla tion of 

dis tillates in a single operation (Sutton ( 3) as descrioed 

earlier in t hi s chap tel") . In the follo~ing pages it will 

be shown ho'iY each of the othel'"' requirements was met , and 

the results applied t o the a:1a1ysis of pilchard oil. 
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CFJU>TER 4. 

THE RES OLUT ro: .. : 

NOR: ':AL CliAir · SATURATED PAT~Y ACIDS --,,. 
.J .J.. 

REVERSED F:-IA.SE ?.A..~TI 1'IOl·~ CR!tCLATOGP-APEY. 

In the pl''evious chapte l., it vvas expl ained t h .. t one 

of the requirements for a successful analysis of pilcl~rd 

oil, was a method sui taole for the separation of mi :;;:tul.,ee of 

saturated and unsaturated fatty acids from 16 to 22 or 

possibly 24 carbon atoms in chain length, For c o ~1veni e~1ce, 

it was desil'able that such a method should ·lJe 1->eadily 

applicable on a semi- mi cro scale. 

Examinat ion of published literatm~e suggested 

several chromatographic methods for the pUi"pose, and amous 

t hese, the displacement cl~omatographic t e chnique of Holman 

and Hagdahl (1) seemed likely to be sati sfactory. 

procedm"e the mixture of acids is adsol"bed f1~om a solvent onto 

a column packed with ch~"coal i n several s ect ions of 

diminishing cross-sectional area. The dis:placer , which may 

be a long chain acid ester, hyc"l.rocarbon, or higheP homolocue 

of the acids t o be separated, is dissol ved h: the solvent, 

and the chromatogi•am is developed \Yi th thi s solution 111 tho 

usual manner . The component acids al"e displaced L-: the 

order of thei i• adsor1:>abili ty on c harcoal, aud i f t he 

concentration of solute is plotted against the voluli1e of 

effluent, a stepwise curve is obtained i n which t~e height 

of each s t ep is characteristic of an individual acid in a 

given chromatographi c s~rstem. In the case . of fatty acids 

it has ~een s hown that each acid is an excellent displ acer 

of its next lower homologue . 

While thi s met hoc1 has 1:>een successfully a::;>plied to 

the resolution of c1 - c20 fatt y acidss it was f elt that the 

e l ab orate appm.:~atus and technique i nvol ved rmuld i mpair its 
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readJr. applica"bili ty to the investigation of pilchard oil, 

where ·not only accu:r•acy but speed L-: the analysis of nume:;:~ous 

fractions Y/as necessary. 

Vai.1denheuvel and Hayes ( 2) have separ·ated C 2 - e12 

monocarboxylic acids and eL~- - elL~ c1icar"'.:>oxylic acids o:r 

development of the mixtur•e vri th iso-octane 011 a column 

packed ~i th silicic acid supporting methanol as a stationary 

phase . The column is impre::;nated \lith amrnonium io11s and 

0romocresol green indicator to facilitate visual o"'::>ser-vation 

of the course of development. The same solvent s~-stem has 

very rece:1tly been employed by Ei jl{amp ( 3) fox· the sepal"'atioi.1 

of e1 6 - e20 satur•ated acids on a cohlmn onl~ 9 em. long. 

It did not , however, seem that the met hod could oe readily 

exte11ded to cover· acids a"bove 20 car!JoD atoms in chain 

l ength ·oecause of the low !3olubili ty of Sl...'_ch higher acids 

in the methanol stationary phase. Ramsey and PattcPson 

have separated .nixtures of e11 - c19 fatty acids using 

2-aminopyl'"'idine and fufuryl alcohol as the solve:1t s~rstem, 

~ut their method was deemed unlikel~ to ~e suitable on the 

gx•ounds that · the higher fatt~=- acids uould have parti tior.: · 

coefficients too greatly L1 favour of the less yolar phase . 

Several elution c~u.,or.1atographic r:!ethods have ';Jee:;. 

described f or the separation of fatty acid mixtm"'es on 

columns of alumL1a , silica gel a:'ld other supports 

( cf . 5, 6, 7, 8) . In gener·a~ only ve1,y simple mi xtur•es 

of acids have been examined, and for· this reasol1 it did not 

appear that elution analysis could be P~adily adapted to the 

study of the more complex mixtu:i."'es o1Jtained fi•om pilchard oil. 

The method. of I'eVePsed uhase ;Jal"'tition cl""ll."'omato-
~ .. 

graphy on benzene- ruo-0er columns using metha~10l-acetone 

(3:1) contai i.1ing varying amounts of water as mobile lJhase, 

has been applied by 3oldingh ( 9) to the quai.1titative semi-

micro deter·mination of saturated normal chaii1 f a tty acids 
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claimed !Jy Boekenoogen ( 10, Dot pu~Jli shed L1 detail) to -oe 

satisfactory fol"' resolutio~1 of mixtw."es coDtai!1ing saturated 

acids up to c2L~-' as well as for 1i1ixtures of Val"ious c18 

unsaturated acids . 

u11fortunatel;y not available at the beginEing of this wol~k , 

it was not possibl e to invest igate the sui tabili t y of the 

method for application to pilchard oil analysis, and other 

methods wel"e accordiDgl~r sought. 

Howard and ~.IartiiJ ( 11) pu-blished i !1 1950 a method 

for the resolution of c12 - c18 fatty acids by reversed 

phase parti tio:1 chPomatogl"a~.Jhy usins a hy0.l"ocar!.Jon supported 

on non- wetting kieselguhP as stationary phase, and either 

aqueous methanol or aqueous acetone as moving phase. 

Although this method had. only "been exteDded to c18 acids , 

and had n f'l t been investi gated fl~om a quantitative point of 

view, it appeared to offer several advantages i~ the case 

o:f pilchard oil anal~rsis, particularl~r in l"egard to its ease 

of opere.tioD and the small quanti ties of acids reQ.uired. 

The method has :1ow beei1 extend.ed 1Jy the author to cover 

the resolution of mixtures of acids fr·om 16 to 24 cal".;Joi.1 

atoms in chai11 l ength , with a quantitative accuracy of 

+10'-' - ;o on a s emi- micro scal e . 

The chr omatogra:phi c procedure is analogous in 

.principle to the Craig counter- curreilt distribution 

technique, and as pl,eviously suggested ( Cha:ytel" 3), the 

Craig method would dou!:>tless be S'J.i ta0le for resolution of 

mixtul,es of pilchard acids, J?:rovicJ..ec1 that a suf ficiei.1t 11umbe1" 

of transfers could be conveniently performed. The relative 

merits of the chromatographic anc1 counter-ct.u-•rent methods 

for separation of fatty acid riliXtuPes are discussed i11 ·..;he 

foll owi ng chapter. 
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J.esolutim~ of' Lixtupes of' ~ ~ C?l"'mal Chain ..Q.16_::_.Q2L!. Satu:r•ate~ 

Fattv Acids ·oy Reversed Phase Pai•ti tion Chi•omatogl"'aphy. 

Only acids ·,vi th an even 11um~)e1~ of' cal"'~)o:: a ton:s ve:i."'e 

used foP the investigatio~1, sii.1ce natural fats seldom co::tain 

uneven acids. S B.i:lples of :palmitic, stea:.."'ic ancl liG11ocel"'i c 

acids v1ere dra·;m :fl~om labol.,atory stocks ,:::1ich had "been 

pl.,epared :from natul.,al soul"'ces by h i Gh precisio:1 C:i stilla tion . 

Arachidic and ·oehenic acids v:e:.."'e synthesised fl~on! ~)ali.",J.i tic 

and stearic acids respectivel~ usinc a recent adaptation of 

the ·well knovi'n Kolbe electrolytic s:~1thesis (12). All 

acids showed a satisfactory me~ting point and equivalent 

weight. The X-ray long S?acing of each acid was deter~ined 

as an additional check Oi.1 the _rui•ity, a i.lC: the pesults '.7ere 

found to 1)e in close agreement r1i t~1 pu.bli shed val11es ( 13). 

A :full discussion of the X-Pay long spacings of fatt y acids 

in their several crystalliile :forms has b een given ~Y 

.Ralston ( 14). 

The aqueous acetone-medicL1al paraffin solve:1t 

system of Howard and If. apt in ( loc. cit.) was used t hl"'oughout 

the investigation. KieselguhP, after flotatio11 to l"'er,.ove 

finer particles , was l~eDdel"'ed non- wettL1g ~)~l exposUl"'e to 

the vapour of di:":1ethyldichlorosilane. ·I· he ·.vashed a:1d. dJ..,i ed 

p owder was then suspended in an ethereal sol uti o:1 of 

medicj_~1al paraffin , a11G.. the ether evapo:..,ated with co :1s ta~1t 

agitatiou of the slurry. T~1e r esulting mull of :pal'affin 

and. hydi•opho"bic lcieselguhP was the11 suspended L1 aqueous 

ace tone and packed into column s using special precautions 

to excl1.1.de any air bu'b'bles. In earlier ex~eriments a 

column 1. 3 em. L1 c'Har,1e t er and 30 - 35 em. i 'i-: height was 

found. sati~factory for separation of comp onent acids in 

mixt ures , 1)ut it was latel"' shown tl1.at :eesolutio:1 could "be 

con.sidera·oly ii:1proved l)y use of a columu 85 em. in height 
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and o. 8 em. i 11 diametel ... . 

maintained at 35°. 

All columns ~-rere jacketed and 

ill· ) of loadi nc riiXtUI' es of o12 - o18 acid.s dissolved i n 

the developing s olvei.1t, u as found unsuita.ble fo:e mixtures 

of ro 0 aci -::.s oWL "}g to the low solu-.Jilit:-.r of t he vl6 - 2L!- -

longer chain acids in the initial solvent l"e c;-<.uil ... ed. The 

acid mixtures vi'el"e accordingl;y- dissolved in a small c1ua nti t y 
. 

of paraffin and adsor~Jed onto non-wettii1g kieselguhi• usii.1g 

the ether evaporation method. The acid- coDtaL1i:.1g mull \las 

thei.1 iaechai.1ically pacl{ed Oi.1 top of column as a ::.1a1 ... :;.~ o1.1 "ba nd . 

with aqueous acetone. The column efflue~1t v:as allo\ved to 

drip i~1to a s iphon, and t he course of resolutioi}. was 

followed by titl"ation of e a ch aliquot \vi t l1 staDdal ... d alkali 

usi ng 1n ... ornothymol blue a s i rldicatox·. As e a c h acid u as 

eluted from the column, t he conce~tratio~ of deve loping 

solvent u as i ncreased to elute the next h i gher homologue. 

F or resolutio·a of a mixtm.' e of o1 6 - o2L!. aci ds, d evelo:pme :1t 

was i)egun u i th 70;-"b aq_1..~eous aceto:1e ai.1cl the conce:1t1 ... ation 

increased - 75;.~ -t 8Qis -t 83;b -t 9a;b as e a ch successive 

acid v as eluted. 

Full details of the p reparation a n d purity of 

materials, t he packi~g a nd l oa d i:.1g of columns and the 

chromatographic lJrocedure are g iven in the :Experime~1tal 

Section. Deta ils r egarding t he titration apparat us, a~d 

a i.1 arr•angemen t for chang i::g dev elopii1C solvents are also 

included in the DxperiQental Section. 

A t ;y-y i c a l cupve de;:nonstratii.1g the re s olution of a 

mixture of p almitic (o16), ste aric (o18), a r a ch i d ic (c20 ), 

o ehenic (o22) a~d lignoceric (o
24

) a cids i s s h own i n P, i 0 . III. 

The a r e a und.e l"De a t h each peak was i·aeas u:.."ed 

accur ately with a planimeter, a nd the relative pr op or t i on s 
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Solvent system: Aqueous acetone -
medicinal paraffin supported on 
hydrophobic kieselguhr. 

QQJ,umn: 82 em. ht. x 0.8 em. diam. 

Tempemt~: 35°. 

Flow rate: 35 ml. per hour. 

Wt. of acid mixture: 39.1 mg. 

200 220 240 260 

Behenic (c22 ) and Lignoceric (c24) !c,ids. 

(Points marked X represent change points to higher concentrati ons of aqueous acetone developing solvent. Solvent cbanges made at these points 
became effective in the eluate 25 aliquots later owing to column hold-up. The blank titre of the solvent in the eluate is represented qy the 
lower broken line; the steps i n this line correspond to the effective solvent change points which are associated with steeper rises in the curve.) 



(The weight percentage of each acid added in the mixture is shown in colurnn a. 
The weight percentage experimentally deterr.1ined is sho·wl"l in colunm b. 

The percentage error is sho\m. i:·.l coludn c.) 
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No. 
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6 

VITt. of --- ~·--·~·- ---·- -r---·-----.... ----·---~--·-·---------~----·---·--- · ----···-·-·--
acids cl.S 
(-v~ ) -· ----..... l.l·b . 

I ·~~----~--~~--~-----+----~.----~ 

a b c a 
~ . - -.;-... 

32.20 26.2 24 .4 -6.9 26.6 

40.70 20.0 18 .4 -8.0 21.0 

39.92 17.6 16 .6 -5 .. 7 20.4 

39.23 18.4 16 .4 -10.9 20.2 

I 39 .o7 18.7 17 .6 -5.9 20o1 

31.42 23.0 23 .9 +3.9 26.4 

b i 
.l-

c 

22.8 -14.3 

19.5 -7.1 

18.5 -9-3 

19.·4- ... 4 . . 0 

19.7 --2.0 

28.0 +6.1 

a b c a b c a b c 

24.1 26.8 +11.2 23.1 26.0 +12.5 

20.0 21.6 +8.0 19.8 19.0 -4.0 19.2 21.4 +11.5 

19.5 2o.o +2.6 21.7 21.8 +o.5 20.8 23.1 +ll.o 

19.4 19.5 +o.5 21.4 20.7 -3.3 20.6 24.0 +16.5 

19.2 20.2 +5.2 21.2 20.9 -1.4 20.8 21.6 +3.8 . 

25.4 23.5 -7.5 25.2 24.6 -2.4 
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of these areas gave the molal" ratio of the component acids. 

Multiplication of the molar ratios b y the appropriate 

equivalent weights of the respective acid~ gave the weight 

l"atios. The results of eight chromatographic resolutions 

of mixtures of pUl~e acids are illustrated in Taole VI . 

Reference to F i g . III sho~s that satisfactory 

qualitative r•esolution vvas o-btained for miJ::tu:.."'es of acids 

from 16 to 24 carbon atoms in chai~ length. 

tion of the weight ratio or molal"' ratio of the component 

acids in a mixture , it is shown in Table VI that a 

.l! + .. quant i vati ve accuracy of -10;:.:, can i)e e::cpected. 

Low recoveries of acids did not permit of 

absolute weight detei•minations l)ei~1g made. 

chromatograms recoveries of c16., o18 , o20 and o22 acids 

rrere on the a vel" age 25% lo·;t , while recovel~;:.r of c
24 

acid. rms 

of the ordel" of 60;b. 

l"'ecoveries were also lovv, out pPoportionately the same fo:.:• 

all acids, t hus pel"'mi tting the ratios of e a ch to ~)e 

detel..-mined. with the ±1~-b acm.1Pacy shovv<1 in Ta"ble 1/ I. 

Effol"'ts to i mprove recovel"'ies 'by 11 s aturatiL1g11 columns "iii th 

higher homologues ~)efor·e chromatography, were u:1availin,s. 

Lost acid could 0e l"'ecovered a~1d detePiniL: ed ~J ~r sti•ip:oing the 

co luran mull with ether , a~1d ti t1"'ati:1g the acid-pai•aff'i :1 

mixture in 50J6 ·;:lenzene-neutral ethanol sol ution. 

Adsorption effects on the i.1on- ·,·retti :.1g kieselr;uhl" 

mazr have accounted for losses of e.ciC'c, but attei:1:._Jts to fL1cl 

other supports were unsuccessful . Auong others, cellulose 

pov;rder, glass :;_) oWdei' and s ilica po·.vde:..~ v1ere i nvestigated. 

Atterapts v1ere made to rend.ex• these matel"'ials non- :polm"' 'by 

exposm~e to t ~1e vapour of ei ther• dimethylciichlorosilane ol"' 

trimethylchlorosilane, and "by use of' 11Quiloii1 (15). Ll i.1o 

case was the treated mat erial a ole to r e tai:1 the pal"affL1 

phase of the solvent sJrstem. 
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Apart from adsorption losses, the a·.)sei.."'VeG. lou 

recoveries of acids oay to some extent be accounted for ~~ 

the use of -:Jromoth~rrnol 'blue as i::dicat oP. 

du.I'in[S a pH tit:i...,ation of 0 . 002 7.7 li~nocei'ic a c io. ~-·ith 

methai.'lolic ~ .• 01 ~:: KOH ii.1 90% ar:!_ueous acetone, the L ·H:l.icctoi.."' 

shoi7ed a pK of lC. 5 ·,-,hile t:1e pH Pt e~1c!. poL1t >ias ~'learep 

ll. 5. Thus bl"' omoth~rrnol ~Jlue [;nve a lo· .- end poi:;.t , "Jut all 

acids · 'el"e found to ti tl"ate lo'."/ ~)Y the s&.1e c;u·: ou~lt ( lQ·o) in 

any coi.1Centl"'ati 011 of aqueous acetone. ·: ua ·:ti tatively 9 ~wid. 

woul d th_us a:p~ear to have :Jee11 lost, ·.)ut the ti.~ue ratio of 

the peak areas could not ·oe affectecl~ si11ce all acids s:lo';led 

a titre lovY by the same equivalent runou.at . Since the 

pUI':pos e of the i Dvestisati o:;. was to determii.le o:nl~7 the 

relative proportions of acids , rather tha~ exact &Jaunts, 

·;n•omothymol ·olue was CO i.1Sider·ed a satisfactol"Y i::1dicato:". 

Ii.lS:pectioi.1 of Fig. III sl'lows that in chromatogra:.~:l.:­

of a mi xture of acids , the eluate ti tPe ;.1ever quite reac~1es 

that of the solve11t blanlc oet vree:1 the :!_)eali:s . IJ..'::is ·:ras ~:ot 

due to the fact t l1at t :1e so lvei~t co:1ce:1t 1,atio :.1 uas i11creascd 

too soon , 'because the i.::inimum '.las passe<l -;:;efore the ::e:::t 

highel'' solvent became effective L1 the eluate . ~he lowel'' 

this to ~Je so , a:;.d the chau:;e poi:.1ts to stl"o~:.sci.." solvents 

wer e selected to give a boost to the ri s e of the next 

peak only after the :91,evious oue had ·been con~Jletely eluted 

"oy the solvent of ' lo' iel" cone en tra t i on .. Solvent c ~an£;es 

made on the dovnwrard slope of each pea'~ ·became effective i n 

the '"eluate approximately 2.5 aliquots later, o· .. ·ii.\S to the 

column hold up. The rilii.li<!lUEl ·;vas i·.., each case :passed ~Jefo: ... e 

25 aliquots had bee11 eluted. It was J.1ot ·oossi-0le t o 

over•come the r..1inor d efect in r e solutio:;.1 'bet veen :peal:s , 

within the practical lir.li t of colurtl:1 length a·!Jtai ::a·ole 

( colunms longer t ha'i1 80 em. gave impracti ca-.:>ly slo',/ f lo;; 
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• 

rates). Attempts to eliminate the solvent blank titre 

determinatiol1 by using solvents neutralised either directly 

with alkali, or by percolation through beds of Am~e~l~te 

IRA 400 ion exchange resin , resulted in loss or' chroraato­

graphic resolution. 

Reversed phase partition chl''omatogx'aphy rras thus 

adapted to provide a quantitative r,1eai:1s foi' chain length 

analysis of pilchard acid fractions with as little as 

6 - 7 mg. of each component . The method was developed for 

satul"ated acid mixtures, ·out is equally applica·:Jle to the 

chaii1 l ength analysis of unsaturated mixtures after these 

have been hydrogenated. This is because the LYtroduction 

of hydrogen atoms causes little chan:3e i n the r:eic;!1t i.:'atio 

of the component acids . 

The method was not suitable for the resolution 

o:f i.1ormal and iso acids; for example, a mi xture of steal"i c 

an~ 1 6-met hyl-heptadecanoic acids gave only a . single peak; 

·out in the following chapter i t is shown that the t echni g_ue 

can be applied to the l"esolution of mixtures of unsaturated 

acids. 
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CHAPTER 5. 

THE RESOI,UTIOF OF' u:rSATU?.ATED _ACID ~.:IX·:rU::lES JY 

REVI:RSED PHASE PARTITIO!': C&Oi:A'I'OGP..AFHY. 

In Chapter 4 a method was descri~ed for the 

resolution of mixtures of c16 - c21.{. saturated acicl.s. The 

application of this method to the separation of unsatui ... ated 

fatty acid mixtures is now discussed. 

As a preliminary eAperiment, an ro ... tificial 

mixture of pure oleic al1d linoleic acids was su~Jjected to 

revel"Sed phase partition chromatography using the procedure 

detailed in the preceding chapter. Clear resolution 

bet ween these acids was demonstrated (Fig. IV ) i nclicati!1g 

that acids of the same chain length but differing degree of 

unsaturation should be easily separ.able. On attempted 

resolution of a mixture of pure oleic and palmitic acids, only 

a single peak was oi) tai ned, showing that where one compone:.1t 

had a double boi.1d a nd two methylene groups ::1ox•e tha:~ t he 

other, resolution coul d not be expected. 

In their studies on the . resolutio~1 of fatty acid 

mixtm ... es b y counter-current di stri buti on, Ahre:-:.s and 

Cl"aig ( 1) arrived at similar co ~:clusi ons . The se a11thors 

were unable to separate palmitic and oleic acids aft er 

3,000 transfers, Dut showed t hat ole ic and li~o~eic acids 

were resolve d after 650 transfers . The efficienc y of t he 

column used by the author t o separate the pair of c 18 acids , 

can therefore be considere d as equivalent t o that obtaina~le 

by 650 counter-current t ransfers . In view of the enol"mous 

labour required to perform t h is numoer of counter-current 

t ransfers -rri th a i.1Y apparatus othe r t hai1 the 220 tui)e t ype 

r ece11tly described ( 2) , it would seem that the s Lrpler 

chromatographic method should ~)e pl"eferred for fatt :r acid 

separ a t i ons . H·owevel"', one advantage L1herent i n the 

counter-current p rocedure is the gr eater runount of materi a l 
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Fig. IV. Chromato raphic Resolution of a Mixture of 
Oleic (c18 monoene and Lino eic c18 diene Acids. 

Solvent system: Aqueous acetone (6a/o v/v) -medicinal 
paraffin supported on hydrophobic kieselguhr. (Solvent 
changed to (67.5.% v/v) aqueous acetone at point marked X.) 

Column: 84- 5 em. ht. x o. 8 em. diam. 

T t 350. empera ure: 

Flow rate: 35 ml. per hour. 

Wt. of acids: Oleic (12.35 mg.); linoleic (14.90 mg.). 
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that can be handled. Analytical scale chromatographic 

columns did not operate satisfactol"ily with l oads of more 

t han 40 mg. , ·.-mile the largest p:eeparati ve column Juil t 

(Chapt er 8) could only resolve 500 mg. of a four component 

mixtul"e. The advantage possessed by t he counter- current 

method in respect of ]:)!' epara ti v e wol"'k, does not in a11y vray 

deti•act from the merits of the chl"'Omatogl"aphic method Ylhich 

is rapid in operation and affords accurate results ">7hei:•e 

only small CJ.uanti ties of material are availal)le . Although 

0 oth methods are analogous i n principle, the counter- current 

proc edure is the more exactly r eproducible of t he t wo , and 

is mol"'e readily amenal)le to mathematical treatment. Given 

the partition coefficient of a suo stance in a sol vent 

system, it is possible to calcula t e the position and shape 

of the di atribution curve. '.'ihere mixtill"' e s are concel"'ned, 

it is possi l)le to calculate the number of t x•ansfers 

necessary for r e s olution of the components, provided that the 

partition coeff icient of each is known • . 

The resolution of unsatul"'ated fatty acid rnixtw"'es 

b y partition chromat ogl"'aphy with an aqueous aceto:"le- paraffil1 

system; has very recently been investigat ed l>y Savary and 

Desnu.elle ( 3) . These workel"'s have confirmed the aut hol"' 1 s 

findings with r egard to the resolvability of the oleic­

linol eic acid pair , and with regal"'d to the overlappL1G peak 

shown by an oleic- palndtic aci d mixture . In the latter 

case they wer·e a"ble to show that hydPoxylation of the 

mixture folloYred 'by chi"'omatography viii th an aqueous acetone­

·castor oil sys t em, afforded r esolution 'betvveen palmi tic 

acj_d and the 9: 10- dihydl"'oxystearic acid x•esult L 1g from 

oxidation of oleic acid. 

Since t he chromatographic method ·appeared to be 

sui table for resolution of acids wi t h the sa1:1e chain 

length and differing degree of unsaturat ion, althouGh not 
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for m~xtm"'es Yv"here one component possessed one double bond 

and two methylene groups more than the other, it was decided. 

to investigate its applicability to ce1"'taL1 of the unsatm"'ated 

acid mixtures o"btained from pilchard oil . For this purpose 

one of the fractions (Fraction 0 1 Table III) o~tained by 

molecular distillation of pilchard unsatu~"'ated acids, ;;ras 

selected. The ex::;>eriments were designed to detel"'D1i:J.e 

the optimum tempel"'ature and solvent concentl"'atio:1 for 

resolution of this material. 

First resv_l ts showed that at the tel!lyeratm,e of 

circulating tap \7atel"' (20°) Pesolution Vias ill defined on 

development -v-:.ri th 55;; a queous acetone, ·whereas development 

Yvi th 65% aqueous acetone evidenced three inc or11pl etely 

resolved peaks. An intermediate aqueou s aceto~e 

concentration of 6~b was proved to be the oest for 

l"'esoluti on of F1"'action C, si nee ii1Cl"'easing the c oi.1Centra ti oi.1 

above 65'i~~ destroyed resolution b y causing the simultaneous 

elution of all peaks, ai.1d decreasing the coucentrati on 

below 557& caused only slight development. 

Investigation of the effect of temperature on the 

Pesolution of Fraction C with 60% aqueous acetoae, showed 

that resolution was "best defined at 10°. The cl1l'omatoc;ra:phic 

curve of Fraction C at this t m,1pel"'atm"'e (r ig . V) showed 

that, although no pea1ts were compl e t e ly sepa1"'ated, l"'esoluti 0 ~1 

had occul"'red to some considera-ble extent . It was not 

possible to postulate the composition of the peaks shown in 

Pig. V, bu t it seemed likely that this could b e done if 

an accm"'ate chain length al1alysis of Fractioi.1 C •.7m"e 

available (cf. Chapter 7). 

Fl''acti on B ( Ta1Jle III) showed a c u.l"'Ve sili1ilar 

to that of PI'acti on C at 10°, a i.ld indeed it appeal"'ed 

likely that this tempePature and solv-ent concentl"'ations of 

approxj_matefy 6~ would oe generally sui ta'ble fo:-e 1"'esoluti on 

of higher unsaturated acid mixtures. 
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In later applications of the chromatographic 

method to pilchard acid mixtures, conditions -~-vere varied 

i.Vhen components of a relatively low d.egree of unsatu:;: .. atioi.1 

Since the solu'0ili ties of these components 

approximated those of satux•ated acids, mm~e closely than 

t hose o:f the highly unsatm ... ated acids prese·.1t i n ~·ractioi.1 0 , 

higher concentrations of aqueous acetone were used for their 

development and in some cases highel"' te:;:;lpel"atul"'es. 

Reference t o Fig. IV shows that relatively saturated acids 

0 such as oleic aDd linoleic acid can be developed at 35 , 

but acids with a greater degl"'ee of unsatm ... ation vYoul ci. not 

oe resolva"ble at such a ter.1peratur·e, and could only -,)e 

separated at approxi1~1ately 10°. 
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CHAPTER 6. 

COI.IPARISON OF 7 .:2THODS FOR THE PREP ARATI O£i OF 

CONCENTRATES OF HIGHLY illTSATURATED ACIDS 

FRor.: PILCHA...-=<D OIL. 

It was p ointed out in Chapter 3 that analysis o~ 

the complex mixtu:ee of fatty acids ol)tained on sa:i:) o~·:ification 

of a marine oil, is greatly facilitated if preceded 0y a 

fractionation i nto groups of acids of largely similar 

propertie ~?. Preliminary segrogation of a conceJ trate o~ 

highly unsaturated acids from the total hycwolysate has 

been achieved by several method$, among uhich m~e: 

(l) adsorption chromatography (Kaufmann 1 a~d 2), 

( 2) low temperature cr~rstallisation (Hilditch ancL ?c ile~- .3) , 

and 

(3) methods based on the relative solubility of the metallic 

salts of saturated and unsaturated acids in various 

solvents .. 

Among such solubility mo thods, the l ead salt-alcohol 

proce dul"e of Twitchell (L!-), the 0arium salt-benzene method o~ 

Farnsteiner (5) and the magnesium s a lt-alcohol method 

(cf. Voor•hies and :"3 aue r (6)) are well knoitn. The lithium 

soap-acetone method of Tsujimoto ( 7, 8), has "Jee~1 claL;:ocl 

to "be tho ri10st efficient ii.1 application to mai'ii.1e oils, 

and was used in the pl~elilili nai.'"'Y investigat ion o~ p ilchal"d 

oil ( cf , Chapte1~ 3). 

1\~ ore I' e cently, a neY¥ s cgrGgation pl'"'occduJ.."e has 

b Gen sugge sted Dy the fac t tha t fatty a cids of a hi gh degreG 

o~ unsatm ... a t i on fol'"'ii"! complexes VIi th urea l ess readily than 

do acids of 1ov1e~c unsatul"'ation ( c~. Schl.enk ancl Holman 9 9). 

In the fOl~mation of complexes ·with fatty aci ds , 

urea c rystallises as hollow hexagona l prisms enclos i ng the 

Acids With branc hed non-linear car';on chaiDs 
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do not form complexes, "because the dimensions of the mol ecule 

are too great for it to ·be acconunodated inside the hexagonal 

structm~e of the Ul~ea prism. I'~ormal chain satw:'ated fatt~T 

acids foi'r.l co1nplexes readily , and unsatul"ated acids less 

readily "because their dimensions are gl~eate:e due to foldi i.1g 

of the chain a"bout the dou~ole bonds. 

Autoxidised fatty acids do not form Ui"'ea complexes 

0\7ing to the chain ·Jranching introduced by the hydPoperoxide 

gl"OUp, Cis-trans hydroxy acids resulting from decompo si ti Oi.1 

of hydropel"OXides do not form complexes, b ut trans-tPans 

hydroxy acids, which also result from hydro:pel"'o:t::ide 

decomposition, can fol'"'m complexes (10). Secondary oxidation 

products such as epoxy-hydrox~r acids would be unlikely to do 

so. Only unoxidi sed fatty acids ai•e t herefol~e likely to 

form complexes with 1lrea, e.i.ld these complexes ca:1 ·ne stored 

without danger of oxidation takiDg place (9). 

The effi cienc~r of the urea complex method as a 

means for separating relatively saturated fron relatively 

more unsaturated acids, has b een compared With the efficicnc;y 

of the low temperature crystallisation tGchni~:.ue ( 3 loc . cit.) 

"by Swex·n and Parker ( 11). In the present i :::vestigation, o. 

compal"•ison has ·:Jeei1 made bet ween the efficie::1cy of the Ul'"'ea 

method and that of t he lithium soap- acetone pr ocedure. 

For• the <)Uruose of this stud.v thl"ee co i.1 Centrates 
.... .J,;. t.' , 

of highly unsaturated acids were prepal"ed from pilchard oil. 

A) A concent:L~ate o~Jtained 0y repeated ap:plication 

of the lithium soap-acetone procedtwe to tile total acids . 

B);£ A concentl"ate (non complex formi:~g residue) pl"epal'"'ed 

"by direct application of Ul"'ea complex fl~actio~1ation techni c:!_ue 

to the mixture of total acids. 

* Concentrate 3 was prepared by ~P. H. H. S ephton of the 

J:.Tational Chemical Research La'!Jorator;,r, Pretoria, a2·1d 

pl"'esent ed to the author for comparisoD with his 

concentrates A and C. 
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0) A concentl"•ate obtained by urea complex 

fractionation of concentrate A. 

Concent:L"'ates A, 3 and C wePe compared, a11d the 

relative efficiency of the urea and lithium soap-acetone 

procedUl"'es assessed on the aDalytical :;:'esults o"~J t ai :;ed. 

The Lithium Soap-Acetone Procedure. 

In Chapter 3 1 t was sho':.'n that a single applic a.tio~1 

of the lithium soap-acetone procedm"'e to total pilchm"'d 

acids resulted in an unsatlli"'ated acid concentPate 

re·presenting 33% of the total, and having an avel"age 

unsaturation of 4.55 double bonds per molecule. Ii.1 OPde:;..., 

to determine whether successive applicatioi:. of t he pi.."ocess 

would afford further enrichment in unsatura tion, a fi...,esh 

sample of total pilcha:i."'d acids was submitted to lithium 

soap-acetone segregation, and the process was r epea t ed t wice 

on the initial unsaturated concentrate. The results ai.."'e 

shown in Table VII . Two segregations were carrie d out in 

95% aqueous acetone, with a final stage in 97% aqueous 

acetone. The water content of the solvent was decreased 

in the last stage to cause precipitation of sor.1e of the 

model.,ately unsaturated soaps, as well as a i.1Y of t he 

relatively saturated components remaining aftel" the first 

two treatments. 

,____. 

No. of 

tPeatments 

0 

1 

Lithium Soap-Acetone Se0regation of 

Pilchard Unsaturated Acids. 

--! 
1 Percentage 

~iei ght J.'•" 0 . of douole 
aqueous 

( g .) . 
Eq. r:t. 

'bonds :per mole c 
acetone 

- -
100 282 2. 40 

95 38 295 L+. 23 

ule 

I 
2 95 31 30L!. l.; .• 52 

3 97 29.5 311 4 . 62 _, J 
* H2 uptake over Pq/s aso4 



The pi•oce s s nas not carried f'urthel"' t ha~:. the three 

stages illustrated in Table VII, since . t hc enrichment in 

unsaturation proved insufi"'icicnt to -vvarrant furthex· tj, .. eatm(;nts . 

Ul'·ea Complex P.I'actionation of the Lithi\lm Soap- Ac0toue Joi.?.£C~1tl~e:cc . 

Fractionation of the lithium soo.p-~c uto~1c con-

centrate was carl""i ed out using the uPea complex method ( 9) . 

The unsatul"ated acids ·.ve:i."e dissolved in alcohol, p:i.~eviousl::-

saturated 'iii t h ul"ea, ai.1d the solution alloYied to stai.1G. . ':(1e 

p:i.""ecipi t ated urea coi';lplexes wel"e l"emoved '!Jy filtl~ation ai.1d 

decomposed '7ith wat er to recover the a cids. 

of complexes were obtained .JY cooling of successive fi l trc.tes, 

'~rhich were in each c ase saturated ~-,i th ui•ea. 

Te.~)le VIII illustrates the f'l-.actionatio i.1 of' t he 

lithium soap-acetone conce~1t1"ate in t his ma::mer . The fi ;:~al 

non complex for mi ng c oncentrate repl'•ese:1ted 20,:<> of the total 

pilchard acids and had a~ average degree of unsatura tion of 

L~ . 85 double bonds pGl" molecul e . 

Tabl e VIII. Urea Complex Pr•actio:1atio~1 of the U:1satu1"ateq 

Concentrate Segl"egated rJy th~ l ·i thium Soap-Acet~ Proced.ur>£. 

r--- -
* I 

1.Veight ·:;eieht l'TO. of dou~Jle 
~;l"action 

( g.) % 
Eq_. wt. 

·.:)Qi.1dS molecule ~er 

Lithium 
soap-acetone 

':;07 L~ . 55 concentrate 93.0 .100 
1 4. 8 5.16 :)15 .:.; . oo 
2 2. 48 2. 67 30L~ 3. 38 
3 l. 85 l. 99 300 3. 39 
1.:- 4 . 1+0 !.; .• 74 300 L: .• Ol 

5 2. 58 2. 78 302 lt .. 21 
6 1.50 l. 61 30L~ LJ .. L!.O 
7 3 . 95 ~!- . 25 ··o• :J !-~ -''·· 54 
8 l. 90 2.04 303 L;. . 60 

9 4.05 Lt .• 36 301 L~ . 69 

I 
10 2. 2L~. 2. L!-1 305 L1 .• 32 
11 0.82 0. 88 303 4. 71 

Non complex 
L f'ol ... ming l."e sidue 55. 0 59.1 308 L>. 35 

·-
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Urea Complex Fractionation of Total Pilchard Acids. 

Urea complex fractionation of total pilchard acids 

was carried out by Hr. H. H. Sephtoi.1 of the :~ational Chei.!1i c<::. l 

Research Laboratorys Pretoria, with the results shoun in 

Ta!Jle IX. The non complex forming I'esidue, re~;>l''CSe i.1ti ng 

22% of the total, had an average unsaturation of L! .. 89 dou-')lo 

bonds per molecule. 

Urea Comnlex Fr actionation 

of Total Pilchard Acids. 

I 

Fractioi.1 
~Veight Weight 

(g.) % 

Total fatty 
acids 95.0 100.0 282 2. L!.O 201.0 

1 5. 0 5.6 278 0.20 12. 0 

2 13.5 15. 0 276 0. 35 20 . 7 

3 13.5 15.0 271 0 !:6 . .. t c. 7 L..!.v . 

L~ 17.0 19.0 280 1. 1. !.9 135 

5 12.0 13 . 3 298 3 . 65 300 

6 2.0 2.2 305 . 4. 5!.!. 

7 0.5 0.6 310 

8 4.0 ~- . 5 30L~ L; .• 55 ::.,68 

9 1.0 1.1 302 j68 

10 1.0 1.1 305 

~I on complex I 
forming residu~ 20.0 22.0 304 

l 

L1 .• 65 

4.89 385.7 

-
K 

H2 uptake over Adams' catalyst. 
.10£ Wijs (3 hours). 
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1 I Percentage yield i No. of double bonds i Molar percentage 

Concentrate I Eq. -vvt. I I on ·total 
_I 

per molecule r I I 

cl6 i C18 C2o C22 I I 

I I i 
' :!;o·.""''::-~ 

Total pilchard I 
I I I 

100 282 2.40* 18.25 1 23.9 ; 39.6 !18.25 fatty acids I 

' l _[ 
I ! I I 

A. Acids prepared I 

123.5 
I I i by lithium soap- ¥ I 

12.0 : 40.8 i23.6 32 307 4.5?~ 
I 

acetone segregation I I I of total I ! : J t 

Non complex forming ! I ! 
. B. 

! ' I 

I acids segregated 22 304 4 . 88** 29 .6 1 18.6 ! 31.9 119.9 from total by the 
I I I urea method I I 

c. Non complex :forming I 
' I acids segregated 20 308 4.85* 19.9 I 13.4 1 38.6 [28.1 

I 
f rom concentrate A I 

by t he urea method I I 
I 
! 

* H2 uptake over Pd/Baso4 • ** H2 uptake over Adams' catalyst. 
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Comparison of the Unsaturated Concentrates of Pilchard Acids 

obtained l)y the Li thiurn Soap-Acetone and Urea Coli1"0le:z: 

Fractionation Procedures. 

Chain length analyses we1 ... e carl"ieG. out ~JJT 

quai.1ti tati ve 11 GVei•sed phase partition chromatography of a 

sample of each concentl"ate after hyd.:i."ogenati on ( cf. Chapte :r• ~ :.) . 

The .properties of the concentrates are shown togeth0r \nth 

those of the total :pilchar•d acids in Ta~)le X. 

Direct comparison of concentrates A a:1d. Z 

(Ta"ble X) shows that the latteP is of gl"catm ... avePnge 

unsatui•ation and , r:10reover, contains :_:Jl"oportiol1ately less of 

the longer chain c20 and c22 a cids. It is thus uppare~t 

that the urea procedure is mol"e efficient than the lithium 

soap for removal of long chain acids of low unsaturation. 

F or the purpose of preparing a concent rate rich i n shorter 

chain highly unsattU"ated acids, the urea method is 

therefore to be preferred. The better stepwise fractionation 

o"btainable with the Ul"ea method would also com:nei.1d its use 

in pp·efer ence to the lithium soap pi•ocedure for this pur:i:Jose . 

Comparison of conc entrates 3 and C shoYJS that ~)oth 

have the same average unsaturation, but that the latter is 

proportionately l .. ichel" in the longeP chain c20 ai.1d c22 

unsaturated acids. Thus , if a preliminar y lithium soap-

acetone segregat ion is carried out before a pplica tion of 

the urea method, then the final unsaturated concentrate is 

richer in o
20 

and o22 unsaturated acids thai.~ the coi.1Cel'ltl"ate 

obtained 'by direct application of the lli ... ea method to total 

pilchard acids. The lithimJ soap-acetone procedure is 

thus effective i i1 removing ai.1 appl"eci a1)le quanti t:r of 0 1 6 

and o18 acids of relatively low unsaturation whi ch are not 

easily removed l)y the urea method. This is consi steDt Yli th 

the first o'bservation that the lithium soap- acetoDe 

procedure, in direct application to total pilchard acids, 
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affords a concentrate richer in longer chain acids than 

does the urea method. 

Each of the procedures investigated would 

appear to have its :i.'"'es:pecti ve mcri ts depend.L1g u:po~: the 

natUl"G of the unsaturated conce~trate required. 

rich i n either the shox•ter. Cl6 2.~1d C18 chai~1 lengths or iD the 

longCl'' C20 and C22 chain lengths, ca~1 be prepa:i.'"'ed fol'"' SU~)­

seQuent isolation of the individual acids of each grou~. 

Urea fractionation of acid esters was not under-

taken 1 although this ha s been claimed ·by A1)U l'TaSl" a:1d 

Hol man ( 12) to l'"'esult L1 the removal of material mol'"'e highl~r 

unsaturated than is the case when the free acids ro'e 

fl"acti onated. The reduced tendency of the esters to 

associate is offered as an explanation of this !Jehavioul'"' . 
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CHAPTER 7. 

AE APPrtOACH TO THE Ai:-'ALYSIS OF PILC:n.PU1D OIL. 

It was explained in an earlier chaute~ that the 

analysis of a marine oil is an extPemely complex matter 

owing to the diverse nature of the component fatt:r acids. 

In the case of :pilchard oil,acids of fl"om 16 to 22 carbon 

atoms in chain length are present; the unsaturated memoers 

containing from one to six or prooaoly seven douJle bonds 

per molecule. 

For analysis of' such mixtures without isolatioa 

of individual components, the well established Hilditch 

· method has been almost universally employed (1) . The method 

was discussed in Chapter 2, where it was mentioned that its 

chief disadvantage is the purely empiric assignment of 

unsaturation oetween the component chaiti lengths. The 

Hilditch method in fact aff ords no information as to t~e 

i.1Uniber or nature of the unsaturated acids possessing a givei.1 

chain length, in cases where complex inixtures of such acids 

are to be analysed. 

In this chapter a new approach to the a;)alysis of 

mal"•ine oils without isolation of i ndividual component acids, 

is discussed with reference to pilchard oil. The techniques 

of lithium soap-acetone segregation, molecular distillation, 

and urea complex fractionation have 1Je ei.1 a:;?plied i n 

successive subdj_visio~1 of total pilchard acids, to provide 

fl"actions which have been examined l:>y the met hods of' 

l"eversed phase partition chromatogl"aphy and alkali 

isomerisation (2, 3). =Y application of t he se techniQues 

in appx•opriate sequence it has proved 9ossi!:>le to o"btaii.-! a 

fraction whose composi tioi.1 could ·Je calculated unara·biguousl~r 

r!ithout isolatio~1 of an individual compo~1ent . Although 

a~ overall a~alysis of pilchard oil was not undertaken in 

this manner, thel"e is i.1o r easo:1 to doubt that it woulc~ iJe 
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poss i :Jle 1Jy means of t he t echni q_ues menti oned, 

All the pPocedm ... es empl oyed i :"! this i :westigati on 

ca~ reasonably "be expected to have caused little ol"' no 

modification of the original acids. 

The Aaalysi s of Total P,ilchar•d Acids. 

As a first step i 0 subdivision of t he mixture of 

total pilchard acids, the lithium soap-acetone :procedul"'e 

was applied to prepare a co~centrate of the more highly 

unsaturated members (cf. Chapter 6). 

The unsattu~ated concentra te was t hen susjected to 

molecular distillation in a t wo stage prototype of the falliJ~ 

film molecular still descri~ed by Sutton (4). By this means 

six distillates of increasing boiling pmint (Fractions I - VI) 

were obtained as shown in Ta0le XI. 

Ta'Jle XI . Molecular ~istillatio~ of the 

Li thi urn Soan-Acetone Co:1ce:1t"I•at~. 

-~ .. -----·- -
Distil- Refractive 

FJ. ... action lation 
Weight 

Eq_. Ylt, index 
temp. 

(g.) 
( 30°) 

·--·--·--
Unsaturated 

acids - 29. 5 311 -
I 96° 3 . 40 271 l. L!-806 

Intermediate 105° 0 . 72 27L~ l. L!-832 

II 105° 2. BL~ 276 1. }J.8L!-8 

Intermediate 120° 0.59 287 l. L~879 

II I 120° 2 . 51 287 1. Lj.8G6 

I~termediate 130° O.l-i-7 306 l. Ll-913 

rv 130° L! .. 83 307 1 . Ll.9jJ 

v 135° 3 . 57 315 l. L!-950 

VT 145° 2 . 27 327 l. !~972 

Residue: 7 .0 g . liold-u:p and loss: 1. 3 g. 

* H2 uptake: Pd/3aso4. 

I 

r --0 . of* 

dou·!Jle 1Jonds 

pel" molecule 
--------

L!-. 62 

j . 55 

3 . 62 

3 . 65 

L! .• 08 

L~.l8 

L! .• 65 

~-. 86 

5 . 20 

5 . 42 
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Fig. VI. Chromatographic Curves of Fractions I - VI (Table XI) from Molecular 
Distillation of the Lithium Soap-Acetone Concentrate. 

Solvent system: 

Column: 
Temperature: 
Flow rate: 
Column load: 

Aqueous acetone (60% v/v) -medicinal paraffin supported 
on hydr ophobic kieselguhr. 
30 em. ht. x 1.4 em. diam. 
10°. 
35 ml. per hour. 
23 mg. each Fraction. 
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Each of Fractions I - VI was examined 1)y reversed 

:phase :part ition chromatogr aphy as desci•ibed for unsatm"'ated 

acid mi xtures in Chapter 5. The ct~ves o0 taiued for each 

of the fractions are shown i n F i g. VI. 

· Each of the fractions was also a :J.alysed f or chain 

length distl"'ibution by the chror,1atogl"aphic pl"ocedm"e 

d.escri::)ed in Chapter 4, and. t he results are show:1 iD 

Ta"ble XII. 

Table XII. Chain Length Distribution of Fractions I - VI. 

~alar percentages 
Fraction 

cl6 cl8 c20 c22 

I 62.8 13 . 2 17. 0 . 7.0 

II L:-1. 3 18 . 2 32.1 8 . 4 

III 19. 7 20.8 L!-9 . 2 10.] 

I V 5. 1 10 . 3 6L!-. 2 20 . 4 

v 1.9 !..!-. 4 61.~. 5 29.2 

VI 2.0 2 . 6 Lt~-. 9 50.5 

-
Examinat ion of Fl"'actions I - VI fol' Evidence of O:;:idatioD. 

I 
3 efore proceeding with the analysis of 

Fractions I - VI, it seemed desirable to i:westigate \7hether 

any oxi dation of their components had taken place duri~1g 

processing and storage. A ~u~litative test of each ~y the 

ferJ.."ous thiocyanate method (5), showed that no oxidation 

had taken place, but although this test is extreoely 

sensitive for minute traces of hydroperoxide oxi4ation 

products, it was supplemented b;)r a furthel"' examL1a t io:1 of 

each fraction using two othe1 .. methods; oDe ~a sed on ultra­

violet a~1d the other on infl"a-l"ed spectl"oscopy. 

3 oth these me thods have as their basis the fact 

that autoxidation of unsatm .. ated fatty acids result s in 
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conjugation of the methylene interrupted dou~le 0onds. The 

dou;Jle "bonds involved i~1 migl''a tion assume a tPans coi.1fi gul"'a-

tion, and naturally occurri11g all cis lJ onded acids give x•ise 

to cis-tl"'ans and trans-trans conjugated hyili"'opel"' oxides o:1 

autoxidation. The conjugated dou!Jle !Jond.s exhi ~Ji t a ::;>eaJ.~ 

at ca. ).._230 m;u ia the ultra-violet spectrum, ',7hich is ·.1ot 

apparent in unoxidised acids, so that measul"'emei1t of the 

E
ljb \ observed at "230 mu fol"' the r.latei•ial under examinatio:'l lcm. r 

and com·pal"'ison with the kno',ifn value foi"' pure conjugated 

hydroperoxide at the same wave lei.'lgth ( 6), gives a me asui"'e of 

the extent to which oxidation has taken place. 

Similai•ly, ti•ans-tr>ai.'lS coi.1jugated 1Jo~1ds exhi.!Ji t a 

peak nea1 .. 10.15 }l in the infra-l .. ed, whe1"'eas cis-t:..,aas 

conjugated !Jonds exhibit an additional peak nea:i."' 10.55 )l ( 7) . 

Provided that the spectrometer has ·been calFn"'ated. with 

known similal'' compounds containiDg such ~::JOnds, it is 

possible to measure quantitatively the arJount of each 

bonding and therefore the extent of oxidation of a giveJ 

material. Care must be exercised in L1terpretation o:f 

the infra-red data since acids containi11.g a terminal vin~rl 

group also exhioit a peak at 10.1 p. which is ~1ot due to 

oxidation. 

Fl"actions I - VI w_ere examined b y "bo th the 

infra-red and ultra-violet spectroscopic methods, and shown 

to have suffered a negligible amount of oxidatio:1 ( p l"'o"Ja-bly 

less than 0.3%). An account of these measm .. ements is gi -..re~1 . 
in det_ail in the expel"imental section , together with the 

method of calculation. 

Alkali Isomerisation of F'l"'actions I - VI . 

The technique of alkali isomerisation has been · 

used for determination of t he nature of t he unsatUl.,ation 

present in the component fatty acids of natm"'al oils and 

fats, as well as in i ndividual acids (2, 3 , 8). T~1e met hod 
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depends upon the fact that \/hen these compounds are heated. 

with strong alkali at elevated temperatures, unconjugated 

dou\')le !Joads move into conjugation. ~iihel"e the dou~ole ~')onds 

are separated "by moPe than a sL1:;le methylene gi.."oup ii.l the 

original compounds, conjugati o·"1 does :1ot occm .... und.el" the 

condi tioi.1S usuall~r applied ( 9) . Ultr·a-violet e::aminatioi.l. 

of the alkali isomerised matei ... ial thei.l. ai'foi ... ds a read~,r neans 

of G.etcrmii.1ing quanti tatj_vely the amount of d.iene, trie~1e, 

tetraene and higher conju~ation present, and from this 

L1formation it is possi~Jle, in mau~,r cases, to determine the 

nunibel" and natuPe of the dou"ble oonds prese:1t in tl1c original 

material. 

Quantitative application of the method requires 

s t andm"dised coudi tions sui taole for the :t_')a:eticulal" :;.aatei.."ial 

under exami11atio11.. Optimum cond.i tio;:~s fol" the estilJatio:1 

of the unsaturated acids pi•ese11t in sa~r linseed oil , are 

not sui table :foi." materials co~:.t ai:1ing acids of hic;hei.. ... 

unsaturation. li.1 all cases maximum conjugatiou·is exhi ~Jited 

after a fixed time i:1 a given stre11gth of alkali , and. thel"e­

after deci.."eases owing to decompositio~1 of the i.i1ate:"ial . 

Whe:r.. ... e mixtures of r.ridel y 6.ifferin3 Ui.1SatUl ... atio::. are 

eDcountel"ed , the meti.10d cai.1 Oi.1ly ~Je quali tati·.re L1 a si:13le 

detex>mi:1ation, because , '.'lhi le the Coi.:.diti o;.:s :-i1a~r ~)e optii.1m;:;1 

fol" conjugation of cel"tain c01:r_)o:1ei.1ts , the~r ~-.113.~' -Je 

i~sufficient or excessive fo~ others. 

In order to J?:i.."ovide i i.1fol"ii1atio~.1 cor:.cer:.1L1g the 

unsaturation present i:1 ?ractions I - VI aDd to facilitate 

assigi.1ment of unsaturation betweei.-:o. the compo~1e:.1t chai:1 

lengths (Table XII), these materials were alkali isomerised 

using the method of' li~ro and Ri eh1enschDei6.el" ( 8) , \:l1.ich had. 

·'1een fou."ld sati sfactox• y for• acid~ of highe1~ unsatm~ a tioi.l. 

The results ootaL1.ed ax•e SU.i.1J.rnarised in Ta!')le XIII a;.1cL a 

t ypical curve showing the light a·bsoi."ption of t he all::ali 

isomel"ised Fractioi.1 I is shown in Yig. VII. 
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Table XIII . Specific Ultra-Violet Extinction (E~m.)__£f 
Alkali Isomerised Fractions I, II, III and VI . 

Fraction 
Diene Triene ! Tetraene Pentaene I 
A234 A.259l A27o! A278 >-283

1 
)\_303 ! A317 ·>0o3: ~.31T)030~~3L!-7 ! 

I j i f 

I 

II 

I I 25 
l ! i ; j 

21 31+ 38 40 50 . 4 50 . 5 50.4! 50 . 5
1
1" 23 15.5 1 

I . 
34 30 40 L~l. 3 40 . 8 Lj.2 38.4 42 3t3 . 4 17 I lC 

III 36 

VI 41 I 38 

41+ L~2. 5 43 

46 . 5 41-,L 142 
I I 

39 37 37 139 

132. 5 32 

I 21 
1 
lJ 

! 23 ! 17 

Inspection of the results in Table XIII shorJs an 

incl"ease in the amount of diene and triene absorption in the 

series I -VI, but whether this is due to an -increase in 

the actual amount of diene and triene acids or to incomplete 

·isomerisation of higher acids cannot l)e ascertained.· As 

has been pointed out , conditions which could oe satisfactor;r 

for isomerisation of Fraction I, might be i nsuff ici ent for 

complete isomeri sation of Fraction VI. 

Owing to considerable overlapping bet·."Jeen t e traene 

and pentaene peaks and because of the compound na ture of 

the alkal i isomerisation curves in general, the results can 

only be aecepted as q_uali tativc. It is of interest to 

note that whereas Fraction VI (Table XI) has an average 

unsaturation of over 5 double bonds per mol ecule and mus t 

therefore conta in hexaene or higher unsaturated acids, no 

peaks due to higher than pentaene conjugation were observed 

fo r the alkali isomerised material . It woul d thus appear 

possible that Fraction VI contains acids in which certai r. 

of the six (or wore) double bonds are separated f rom the 

r est by more than a single methylene group. For example 

the hexaene acid 

C H
3 

-C H =CH -CH
2 

-G H:::C H -CH 2 -c H=CH -C H2 -GH::C H- ( C H 2) 2 - CH=CH -C :-12 
Hg~-(CH2) 2-HC=Ht 

would show only diene and tetraene conjugation after alkali 

isomerisation. 
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The Composition of Fractions I -VI. 

Inspection of the chromatographic curves for 

Fractions I - VI (Fig. VI) shows that as peaks 1 and 2 on 

the left hand side diminish in quantity, so peak 4 on the 

right hand side increases~' while peak 3 reaches a maximum 

and then again diminishes. This behaviour is paralleled by 

the variation in chain l ength distrioution of Fractions I -

VI (Table XII), from which it is seen that as the molal" 

percentage of lower boiling c16 acids shows a steady decrease, 

so the percentage of higher boiling c22 acids sho~s an 

i ncrease, while the percentage of c18 and c20 acids reach0s 

a maximum and then decreases . A broad assignment of chain 

length to the peaks showu in the chromatographic curves is 

thus possible. Peaks 1 and 2 may well represent c16 acids, 

peak 4 c22 acids, peak 3 a mixture of c18 a~d c20 acids, 
. 

aJ:!.d peak 5 a complex mixtul"'e of variable composition 

probably consisting largely of c22 acid in Fraction VI . 

Although such an assignment of chain length to 

the peaks shovm in the chromatographic curves (Fi e . VI) 

is probably correct, t he limitations of the chromatographic 

method must at the same time be taken i~to account . In 

Chapter 5 it was sho\m that acids of the same chain length 

but differing degree of unsaturation should be easily 

resolvable , but that v:here one component has a dou~)le bond 

and two methylene groups more tha:.1 a~1ot her, resolution 

cannot be expected. The peal~s shown fol'' P.racti ODS I - VI 

(Fig. VI) cannot therefore represent acids of a si~gle 

chain length, and considerable overlapping must be expected. 

For example , c18 triene, c
20 

tetraene and c22 pentaene ·acids 

might all ·be represented ..,oy a si nglc peak, vrb ich ':iOuld !Je 

quite distinct from the peak due to say a c20 pen.taene acid. 

Examination of the alkali isomerisation data foi' 

four of Fractions I -VI (cf. Table XIII), sho~s that these \ 
' l'\ • 

~ 
~\ ~,,, 

f' ~\'' I 

"'~' ~n~(\\?. ~ >:! "l\.)'V ·. v> .-:: ...... _ ... -·.,_· 
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materials are still too complex for unambiguous assignment 

of unsaturation b etween the component chain lengths . 

Comparison of the average unsaturatio~ of the Fractions 

(Table XI) with the molar' proporti ons of the acid s pr e s ent 

(Table XII) also shows t h is to be the case . 

Subdivision of Fra ction I by Urea Complex Fractionation. 

Since all of F ractions I - VI u ere still complex 

mi xtures, a further means wa s r equired for their subdivision 

i nto fractions of s i Qpler c omposition. 

To this end, the method of urea compl ex fra ctionnt :i.on 

( Chap t e r 6) wa s found to be sui t abl e , and vms appli '-'d t o 

Fra ction I rri th the result s shorm in Table XIV . The c ha i n 

length a n alyse s of certain of tho s riJ-frncti on s a r e also 

s hown i n t h is t ab le , toge the i' wi t h ot her r e l ev ant anal;:~tical 

data . 

Table XIV. Ur e a Comolex ::~ract i onation of ? r a ction I . 

! I 

I \-Fe i ght 
No . of* r.~ olar porconta c u s 

F r action 
( g . ) 

Eq. Vlt. doubl e 'bonds 
: I 

molecul e 016 018 0 20 
0. per v22 

I 2. 02 271 3 . 55 62. 8 13 . 2 17. 0 7. 0 

I a. 0 . 14 281 1. 66 69. 0 19. 0 10 . 5 1. 5 

I~ 0. 18 273 2. 55 59. 5 13. 8 22. 6 1-!-. l 

IY 0. 08 276 3 . lL~ - - - -

It. 0. OL!- 275 3 . 34 - - - -
I 

Residu e 1.5 263 3 . 68 ! 79. 3 111. 0 9.7 0. 0 

* H2 uptake Pd,/Baso4 . 

The suo- fractions Ia. - I6 o~)tai ned as their ur ea 

compl exes f r om Fraction I , and the noi."l. complex f ormi ag 

residue were all subjecte d to r ev erse d phase paPtition 

chJ.~omat·ography ( cf. Chapter 5) and the curve s obtaine d 

are shown in Fig. VIII. 

I 
I 
I 

i 
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Solven t system: Aqueous acetone - medici nal para ffi n supported on 
hydrophob i c kiesel guhr. 

Column: 35 em. ht. x 1. 3 em. diam. 
T t loo. emper a ure: 
Flow r a te: 35 ml. pe r hour . 
Column l oad : ca. 21 mg. e a ch Fracti on. 
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Inspecti on of the chromatographic curves for the 

urea segregates, Fractions Ia - I~ (Fig . VIII) shows that a 

uell defined variation of the peaks is apparent . Pco.k A 

increases throughout the series, vhile B and C diminish. 

An attempt to assign unsaturation be t ween the component 

chain lengths of these f r actions showed that they ·,-:ere, 

however, still too complex to permi t unambiguous calculation 

of their composition. 

The non compl ex :lorming l"esidue obtained by urea 

fractionation of Fraction I was , on the other hand, a 

relatively simple mixture of acids whose composition could 

be calculated without isolation of individual components . 

Tho chromatographi c curve of t his material shows three 

peaks (Fig. VIII) whose molar pel ... centage~ are 52. r;6 , 26. &7~ and 

20 . 6% respectively. The chain length analysis of the 

fraction (Table XIV) shows that no c 22 acid is present. 

The molar percentage of c 16 acid (79. 396) sue"Hests that peaks 

X andY in the unsaturated curve (Fig. VIII) are !)oth c 16 acj_d, 

eince the sum of their molar percentages (52. 7 + 26. 6) is 

in agr eement with the c 16 value determined. Peak Z is 
• therefore likely to be a mixture of cl8 and c20 acids , si~cc 

its molar percentage ( 20. Ets) is in agreement ';fi th the total 

of the cl8 and c20 percentages determined (11. 0 + 9 .7, 

Ta-ole XIV) . 

In the ass i gnment of unsatur a t i on to the peaks of 

the r e sidue c urve (Fig. VII~, it is reasonable to assurne tha t 

peak X is a c 16 tetraene acid and peak Y a c16 triene, 

since resolution mi ght be expected l)etvveen such a pair of 

acids with the r.10re highly unsaturated member being eluted 

first . Peak Z of the r esidue cui•ve (Fi g. VII:Q is likel y to 

be a mixture of c 18 triene and c 20 t etraene acids, s ince 

t hese would be expected t 0 give an overlapping pea~;: and yet 

both be resolvable from c 16 tetraene and triene aci ds. 
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Assuming therefore, that the residue cm~ve (Fig.VIII) 

represents a mixture of 52.7% cl6 tetraene, 26.6% cl6 triene, 

11% cl8 triene and 9.7% c20 tetraene, then the average 

equivalent weight calculated for such a mixture would be 

259 and the average number of dou-ole bonds pel~ molecule, 3. 62. 

These values ape in excellent agreement with the values of 

263 and 3.68 experimentally determined (Table XIV), and 

indeed it is not possible to postulate any other composition 

for the residue curve such that the theoretically c alculated 

values for equivalent we i ght and average uns aturation agree 

with t hose experimentally observed. 

Analysis of the residue curve (Fi g, VIII) shows that 

by successive subdivisioG of ?ilchard acid fractions it is 

];: '3Si ble to o-b tain a mixture of a sufficiently simple nature 

to permit calculation of its cofuposition wi thout isolation 

of individual components. Other fractions obtained were 

still too complex in natm"'e to a llov: of more than qualitative 

analysis, but there is no reason to doubt that further 

subdivision of these mixtures by the techniques sngGestod9 

would result in less complex fractions a111enabl e to quanti t a-

ti ve analysis. An overall analysis of pilchard oil would 

thus be possible, ·and the method proposed constitutes a new 

approach to the analysis of marine oils without isolation 

of individual acids. 

It is considei•ed that the pl.,ocedure overcomes 

certain disadvantages inherent i n the Hilditch method, \there 

the latter i s appli ed to marine oils . The use of very 

mild fl"'acti onati on t echniques overcomes a disadvantage L1 

regard to therma l modification of components during the 

extended Hilditch distillation, \7hile the f act tha t 

relatively more simple fr ac t ions can be obtained, permits 

an unambiguous assignment of unsaturation between component 

chain lengths. Consideration of the results obtained in 
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this new analytical approach, illustrates t hat the com­

position of marine oils is of far greater' complexity t han 

even hitherto envisaged. 
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CHAPTER 8 . 

THE ISOLATION OF A NEW FATTY ACID FROM 

SOUTH AFRICAN PILCHARD OIL. 

In t he pr evious discussion concerni ng a new 

approach to the anal ys is of pilchar d oi l wi thout isol a t ion 

of i ndividua l components , the pr esence of a c16 tetraene 

aci d was postulated in order to account for certain observed 

analytical val ues. The i solati on of such an acid is now 

repor ted, together with its character isation by physical and 

chemi cal means . 

It was earlier shown (Chapter 6) that by a 

comb i nation of the techniques of li t hi um s oap- acetone 

segr egat ion and urea compl ex f r actionat ion , it was possible 

to prepare a concentrat e of pilchar d acids r ich in the 

shor ter c16 and c18 unsaturated members . This concent r ate 

( cf . Table VII, Chapter 6) was selected as the ra·;, material 

for isolation of the r equi red c16 acid and, as a first step , 

the mixture was disti lled in a three stage fal ling fi l m 

molecul ar s t i l l . The r esults of this distillation are 

i l lustrat ed in Table xv. 

Table X.V. l~olecular Distillation of the Unsaturated 

Concentrate prepared by Urea Frac tionati on of the 

~ithium Soap- Ace tone Concentrate. 

Distil- Hefr active ro . of* 

Fraction lati on 
'~,feight 

Eq, vvt. index douole f)Oi.1clS 

temp. 
(g. ) -~ D peP molecule 31° 

Unsaturated 
concentrate - 54. 3 308 - 4 . 85 

A 85° 2.60 260 1. Lj.80l 3 . 67 
B 90 . 5° 1.78 263 1.4811 3 . 72 
c 96° 5.53 268 1. 4827 3 . 93 

Residue R 
(3rd stage) - 1 . 18 295 1 . 4889 4 . 5LJ-
Main bulk Res . - Lj.l . 7 325 - 5 . )8 



Fig. IX. Siphon Arrangement for Collection and 
Titration of Chromatographic Column Eluate. 

(Showing siphon having drained, leaving 
titration sample in the side arm.) 

Legend. 

A = Tap of chromatographic column. 

B =Main receiver (21 ml.). 

C = Side arm for collection of aliquot 
sample for titration (2.75 ml.). 

D = Siphon. 

E = Plunger for altering aliquot volume 
by raising or lowering. 

F = Titration vessel with N2 circulation 
(cf. Fig. A, Experimental Section F). 

G = Receiver for collection of main bulk 
of eluate under N2• 

H = Micro-burette tip. 
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Siphon Arrangement for the Collection and ~Pi tration of 

Preuarative Chromatographic Column Eluates under Nitrogen 

(Showing siphon with side-arm, burette and figure 

of eight titration vessel) 
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Solvent syStem: Aqueous acetone (55% v/v) -
medicinal paraffin supported on hydrophobic 
kieselguhr. 

Co1umu: 80 em. ht. x 0.8 em. diam. 

Temperature: 10°. 

Flow rate: 150 ml. per hour. 

W~. of Fpaction A: 413 mg. 
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Fig;. X. Chronato~raphic Resolution of' Fraction A (Table XV) - Prew.ratiye Scale . . 

(The eluate between the arrows was collected separately as being representative of the first peak.) 
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The lowest boiling Fraction A resulting from the 

distillation, contained the required acid in the highest 

concentration and was accordingly submitted to reversed 

phase partition chromatography on a preparative scale. 

After preliminary i nvestigation,it was found that a colwnn 

80 em. high x 3 em. in diameter was best suited to the 

purpose, and this was accordingl y packed with non-wetting 

kieselguhr supporting medicinal paraffin as the stationary 

phase (cf. Chapter 4) . The chromatogram was developed a t 

10° with 5~~ (v/v) aqueous acetone , and the eluate collected 

under nitrogen in a s iphon c onstructed such that each 

aliquot was divided i nto two portions; the main bulk and a 

smaller sample which was t i trated for the pUl'"'J?OSe of folloi7i ng 

the course of chromatographic resolution. This device is 

illustrated in Fig. IX, and photogr aphs ape shown on the 

f ollowing page. The chromatographic curve obtai ned is shown 

in Fig . X .. 

The c olumn eluat e bet ween the arrows shorrn in 

F i g . X was collected s eparately as bei ng r epresentative of 

the first peak. Exhaustive extr action of this eluate with 

n-pentane, followed by evaporati on of the solvent, gave a 

pale yellow liquid ( ~ ~9o = 1. 4870) with analytical values 

corresponding close l y t o those required for a hexade ca-

t etraenoi c acid. Quant itative hydr ogenation showed the 

p r esence of four double bonds per mol ecul e . Anal;y-si s of 

the recovered hydrogenation product showed it to be palmitic 

( c 16) acid, and thi s was confirmed by a mixed me 1 t i ng 

point determination wit h an authentic sampl e of palmi tic 

acid. 

The eluate corresponding to the second peak 

shown in Fig. X was also collected separately, and the 

dissolved acid extracted with n-pentane . The peak very 

probably repr esented a mixture of incompl etely r esolved 
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Fig. XI. Ultra-Violet Absorption of' Fatty Acids in the Region A 170 -A 240 mp. 

Curve 
Curve 

oleic acid. 
linolenic acid. 

Curve 
Curve 

linoleic acid. 
methyl arachidonate. 

(Curves (1), (2), (3) and (4) f'rom I.I. Rusof'f', J.R. Platt, H.B. Klevens 
and G.O. Burr. J. Amer. Chern. Soc. 67, 675 (1945).) 

Curve 4 dotted line , methyl arachidonate in the regioni\. 220 - A 240 1ll)l 

Taken f'rom R.H. Barnes, I.I. Rusof'f', E.S. Miller and G.O. Burr. 
Ind. Eng. Chern. (Anal. Ed.), 16, 385 (1944).) 

Curve (5), heptadeca-2-enoic acid. (Taken f'rom W.M. Lauer, 
W.J. Gensler and E. Mi ller. J. Amer. Chern. Soc. 63, 1153 (1945).) 

Curve (6), hexadecatetraenoic acid isolated f'rom South African 
pilchard oil. 
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hcxadecatrienoic acid and eicosatetraenoic acid (see 

Experimental Section). 

The Structure of the Hexadecatetraenoic Acid. 

Ultra-violet light absorption. 

The ultra-violet light absorption curve of the 

hexadecatetraenoic acid sho\/ed no diene, triene or tetraE:me 

peaks in the r egion A220 - /1350 m}l, thus provi ng that no 

conjugated double bonds vverc pl"esent. A f'ai 11t inflection 

at fe31 mp indicated that a negligible amount of oxidation 

had taken place, as is usual ;dth materials of this type. 

This amount of' oxidation was not greater than 0.33%, as sho~n 

by comparison of the E1
15& observed at A231 m~ (= 1. 95) ~ith em. 

that of' pure methyl linoleate hydroperoxide (=780) a t the 

same wave length (1). 

The ultra-violet absorption of the hexadeca­

tetraenoic acid in the region \.206 - A240 mu is shown in 
I 

Fig. XI, together ~Q th the far ultra-violet absorption of' 

s everal other kno'.-m acids in the region f..l70 - A240 mp. 

Comparison of' t he curves shows that the 

hexadecatetraenoic acid spectrum lies in the expected 

position close to that of methyl arachidonate ( c20 tetraene 

ester). The molar absorption observed at A210 mp is some 

twenty times less than that shown by the peak of 

2-heptadeccnoic acid which has unsaturation conjugated with 

the carboxyl group, The hexadecatetraenoic acid cannot 

therefore be a. -13 unsaturated. 

Alkali isom~~~~~~J~~n __ Qf_~he hexadecatetraenoic acid. 

In order to gain information concerning the nature 

of the unsaturation present in the hexadecatetraenoic acid, 

it was alkali isomerised by the method of Herb and 

Riemenschneider (2) (cf. Chapter 7). The ultra-violet 
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Ultra-Violet Absorption of Alkali-Isomerised 
Hexadecatetraenoic Acid. 

(Isomerised in 21% KOH-ethylene glycol reagent for 15 min. 
at 180° under N2, ace. to Herb & Riemenschneider (2) . ) 
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absorption curve of the isomerised material (Fig . XII) 

showed clearly the three peaks and one in~flccti on due to a 

conjugated tetraene. Po other peaks were apparent. 

The acid is thus proved to be a tetraene with 

all the double bonds separated by a si :1gle methylene group. 

If this were not so, then tetraene absorption would not have 

been evidenced after alkali isomcrisation because double 

bonds separated by more than a single methylene , group do not 

isomerise i nto conjugation (3). 

Only five structures are possible for a 016 

tetraene acid in which the double bonds are separated by a 

single methylene group. These are as follows: 

0 
~0-CH=CH-CH2-GH=CH-CH2-CH::::CH-CH2-cH=CH-CH2-cH2-cH2-CH3 ( 1) 

OH 

0 

0~C-CH2-CH2-CH=CH-CH2-CH=CH-CH2-cH=CH-CH2-cH=CH-0H2-cH3 (3) 

0 
~0-CH~-CH2-cH2-cH=CH•CH2-cH::oCH-CH2-GH::::CH•CH2-cH=CH-CH3 ( L{.) 

OH 

Of these structures (1) is a-~ unsaturated and 

cannot obtain on the grounds of ultra-violet evide~ce . The 

choice remains therefore bet ween structures (2), (3), (4) 

and ( 5). 

Infra-red spectroscopic examination of the 

hexadecatetraenoic acid. 

Structures (1), (2), (3) and (4) all contain a 

0-0~3 group which exhibi t s a well defined peak at approxi-

mately 1375 cm71 in the i nfra- red. The i nfra-l''ed 

absorption of the hexadecatetraenoic aci d was accordingly 

measured in the region 1325 - 1L~25 
-1 em. , and the curve 
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Fig. XIII. Infra-Red Absorption of Hexadecatetraenoic Acid (1), 

10-Undecylenic Acid (2) and Palmitic Acid (3) 

in the Region 1325 - 1425 cm=1 

(Concentrations in 001
4

: hexadecatetraenoic acid, 4.97~ (w/w); 

lQ-undecylenic acid 5.0afo (w/w); palmitic acid, 4-84% (w/w). 
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obtained is shown i n Fi g .Xlli, together \7ith the curves of 

two reference compounds in the same region. The two 

compounds chosen for reference rmre palmi tic acid uhich 

contains a C-CH3 group, and 10-undecylenic acid vmich 

contains no c-cH3 group, but instead a termi~al vinyl group 

as in structure (5). 

Examination of the curves shown in Fig. XIII shows 

that the peak due to the C-cH3 absorption of palmi tic acid 

a t 1375 cm:-1 is completely absent fl"om the cupve of the 

hexadecatetraenoic acid and also from that of the second 

reference compound, 10-undecylenic acid. 

Structures (1), (2), (3) and (4) are thus clearly 

impossible for the isolated acid , which must therefore be 

r epresented by structure (5) containing a terminal vinyl 

group. This grouping exhibits intense maxima at 910 cm:-1 

and 990 cm:-1 in the infra-I'ed ( L1.), and -ooth these peaks 

were strongly evidenced in the full absorption cui've of the 

hexadecatetraenoic acid shown i n Fig. XIV. The spectrum 

of the l"eference compound 10-undecylenic acid which contains 

the -GH=CH2 grouping is a lso shovm in Fig. XIV. 

Trans-trans conjugated double bonds such as might 

arise from autoxidation of an unsaturated acid, also exhibit 

an infra-red maximum at 990 cm:-1 , but since no :peak due to 

oxidation was shoun by the ultra-violet absoPptioi.1 curve of 

the isolated acid, there is no likelihood that the observed 

peak at 990 cm~1 can have been due to oxidation. The 

measured intensity of this peak, if due to trans-trans 

conjugated bonds and not to a termi~al ~inyl group , would 

correspond to some 50% oxidation having taken place 

( cf. Chapter 7) , which is cleal'lY impossible. 

Oxidation of the hexadecatetraenoic acid, 

In order to gain additional .proof as to the 

validity of structure (5) for the isolated acid, it was 

• 
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subjected to disruptive oxidation with cold alkaline 

permanganate (5). Separation of the dibasic oxidation 

products, followed by paper chromatography of the mixture 

with ethanolic ammonia as solvent (6), showed a spot due 

to adipic acid, This acid would be expected to result from 

oxidation of structure (5), but not from any of structures 

( 1) , ( 2) , (3) or ( L~). The spot was in exact correspondence 

with a spot of authentic adipic acid, and well separated 

from spots due to other (c2 - c4) refere~ce acids, Some 

glutaric acid was also evidenced in the oxidat ion products 

of the hexadecatetraenoic aci~ but this probably arose from 

further degradation of the adipic acid (cf, 7). 

A ful'' t her structure (X) which includes a terminal 

vinyl group andwhich would also give adipic acid on oxidation, 

cannot be that of the isolated acid, because the conjugated 

triene-carboxylic acid which might arise on alkali 

isomerisation (structure Y) wo uld show only one peak at 

approximately 300 mp in the ultra-violet (cf. 8 and 9) . 

Since the three peaks of a conjugated tetraene were ob served 

for the alkali isomerised acid (Fig. XII), structure (X) 

cannot obtain. 

. . 
Thus structure (5), hexadeca- 6:9 : 12:15- tetraenoic 

acid, is clearly established as that of the acid isolated 

from pilchard oil, This compound has not p~'eviously been 

reported and the name marinolic acid is accordingl y 9ro9osed 

for it. The acid occurs to an extent of approximately 

1.3% of the t otal pilchard acids. 
0 

0~C-CH2-GH2-CH2-GH2-CH=CH-CH2-CH=CH-0H2-CH=CH-CH2-GH=CH2 
hexadeca-6:2:12:15-tetraenoic acid 

(marinolic acid) 
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During the writing of this thesis it has come to 

the notice of the author that a c16 tetracne acid has recently 

been isolated by Toyama and Yamamoto (10) from Japanese 

sardine oil. The acid was insufficiently charact erised and 

the str uctural investi gation was based on·oxidative 

degradation al one . · However~ one of the trw possi 'ble 

structures suggested contained a terminal vinyl group. 

Acids with a termi nal vinyl group appear to be 

extr emely rare in nature and only t r!o others have 'hecn 

isol ated to date, viz. , 9- decenoic acid from ~utter fat (11), 

and er ythrogenic acid, an acetylenic compound (12) from the 

seed oil of Ongueka Gore Engler. The latter acid is 

discussed in Part II of this thesi s •. 
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EXPERIMfu~TAL SECTION. 

The experimental details are presented in 

six separate Sections~ each relevant to a Chapter in 

the text. 

SECTION A recol~ds the details relevant to CHAPTER 3 

SECTION B records the details relevant to CF..APTER L~ 

SECTION C records the details re1eva;.1t to CHAPTER 5 

SECTION D records the details relevant to CHAPTER 6 

SECTION E records the details rel evant to CHAPTER 7 

SECTION F rec·ords the details releva:1t to CHAPTER 8 
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EXPERIMENTAL DETAILS. 

SECTION A. 

The f ollowing experimental det ai l s ar e relevant to Chapter 3. 

Saponi fication of Crude Bl eached Pil~hard Oil . 

Crude pilchard oil ( 2. 5 kg. ) ·.-ras added in s rilall 

por t i ons with shaking to aqueous alcoho~ic potassium 

hydr oxide (KOH, 1500 g.; EtOH 9 . 0 1. , H20 1.5 l.) . The 

solution uas left under ~2,19 hours at 30° and then 

47 hours at 4°, after which it ~as diluted wi th uater (25 1 . ) . 

Port i ons (6 1 . ) of the solution were extracted ~ith 

n-hexane ( 4 x 3 l.) to remove the 11 noa- saponif i a!Jl e 11 

pi•oduct . The aqueous l ayer was then acidified with lOfo 

aqueous sulphuric acid solution (12 1 . ) , and the precipitated 

( liquid) acids l"'emoved in a separating funnel. The acid.s 

were then dissolved i n n-hexane (5 l.) and \mshed uith 

water (4 x 2 1.) . Evaporation of the hexane gave the totc.l 

pilchard acids (2.17 kg., 87!~ of total) having an equivalent 

weight of 282 and an average number of double bonds :per 

molecule = 2. 40 (H2 uptake P c1/ BaS 0 Lj) • These aci cl.s were _,, 
s ealed in glass -Dul bs ( 500 g . in each) a t lC '+r.n;1. , ai.1d 

stored for further use. 

Li tP.ium Soap-Acetone Segregation of the moi."e highly 

Unsaturated Acids . 

Total pilchard acids ( 1 k,G~) i n acetone ( 2 l.) 

were neutralised a t 15° '7i th saturat ed aqueous LiOli 

soluti on (500 ml.). Acetone (7.5 1 . ) was adcl.ed to adjust 

the solvent concentration to 95~ . 

thoroughly shaken and allo·~;ed t o equili.i)rate i-!- hour·s a t 

30° and then overnight at 15°. The precipitated lithium 

soaps ( relat i vely sat urated) were filtered off, and the more 

highl y unsaturated acids recovered f r om the filtrate by 
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acidification follov-led by extracti on with n-pentane . 

After· washing of the pentane solution with watel" , the 

solvent was evaporated yielding a concentrate of unsaturated 

acids ( 333 g.) having an equivalent wei ght = 307 and avel"'age 

number of double bonds per molecul e = L~. 55 ( 208.5 mg. absorbed 

86.1 c.c, H2 at 19.5° and 655 mm. (carr.) ovel" Pd/BaSo
4 

in HOAc). 

Molecular Distillation of Pilchard Unsatur ated Aci~s. 

The falling fi l m still illustrated in Fig. I 

was used to fractionate the mixtures of unsaturated acids. 

The distilling stages were heated by suit~blc solvents 

maintained a t boiling point by means of a small electrical 

i mmersion heater . The r esults are shown in Tables I, II 

and III. 

Counter-cur rent Distr ibution of Pilchar d Acid Fraction III 

(Table I). 

A 24- tube stainless steel counter-current 

apparat us was u sed. ·The ~olvent .system iso-heptane 

actonitrile (redist.) : methanol : acetic acid (L~ : l:l:l) 

was previously equilibrated before use. Polar phase 

(6.8 ml . ) and hy~ocarbon phase (9.05 ml . ) were placed in 

each tube, and Fraction III (0. 26 g.) introduced into 

* . tube 0 . After each equilii..;ration, the laye:L"'S vvere 

allowed to separ a t e (1~ minutes) before rotating the upper 

bar rel for transference of the hydrocarbon phase to the 

next tube. After completion of the transfers, aliquots 

(1.0 ml. lower phase + 1.33 ml. upper phase) wex•e extracted 

from each tube and evaporated in tared basins. A curve o1' 

tube number versus weight of material obtained on 

evaporation was plotted. 

For redistr~bution of the material centered round 

the peak of the curve , the experiment was pe rfoi•med again 

* Numbex•ing of tubes follows the accepted Craig pPocedurc ( 1), 
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and after 24 transfers, the eontents of ten tubes centered 

round the minimum of the dist~ibution cu1~e were removed. 

These tubes were refilled with the appropriate amounts of 

pure upper and lower phases , and 24 additional transfers 

performed. The distribution curve was plotted after 

evaporating aliquots from each tube and v.reighing the residue. 

Fractional Low Temperature Crystallisation of Saturated 

Fraction III (Table I). 

Fraction III (183 mg.) in absolute methanol 

(35 ml.) was completely hydrogenated over Pd/3aso4 catalyst 

(2.5%). The catalyst was removed by filtration, and on 

standing the solution deposited fino needles ·:rhich vverc 

removed manually and recrystallised once ~x lieOH (Fraction 1). 

On further standing more crystals deposited and iiere filtered 

off (Fraction 2). The filtrate ~as cooled to +4° and tho 

precipitated crystals removed (Fraction 3) . On cooling 

of the filtrate to -4° another batch of crystals was 

obtained (Fraction 4). Further crops of crystals 

(Fractions 5, 6 and 7) wer e obtai110d by cooling successive 

fi ltrates to -10°, -20° and -37° respectively. The fi11al 

filtrate was evaporated to yield the residue (Fraction 8) . 

(The weights and properties of Fractions 1 - 8 are rccoraed 

i n Table v.) 

Pa12er Chromatography. 

All chromatograms Yver·e run at e. constant 

temperature of 30°, and the paper a llowed to equili0rate 

with solvent vapour befol"e stal"ting developme~1t . 

Foi' paper pal"ti tion chromatograms, stPips of 

filter paper (Whatman No.1, 2 x 13 in.) wepe exposed 

(2 hours) to the vapour of dimethyldichlorosilane i n a 

partially evacuated desic~ator. The strips were washed 

with methanol, and after drying (110°, 2 hours) vlere dipped 
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in an ethereal solution o~ medicinal paraffin (l~b) . 

Evaporation of the ether gave strips impregnated with 

paraffin as stationary phase. 

Separation of a mixture of lauric and myristic acids : 

A strip of paper was spotted wi th 6ot of a mixture of l nuric 

and myristic acids (1:1) , and ~ith 40~ of lauric acid as a 

separate reference spot . Development of the clu'"'omatogrrun 

wit h aqueous acetone ( 60% v/v, previously eq_uili'!)rated ·.7i th 

paraffin) was carried out for 20 hours at 30° . The paper 

was allowed to dry somewhat, sprQyed. ~-ri th oromothymol olue 

indicator (0 . 2% i n aqueous acetone 70% v/v) , and exposed to 

ammoni a vapour. Acid spots (dark 1;lue ngai i.1St fai11t "blue 

background) showed clear• resolution 'betv7een l auric (RF 0. 6) 

and myristic (RF 0 . 65) acids . 
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EXPERIMENTAL DETAILS. 

SECTION B. 

The following experimental details are relevant to Chapter l.j .• 

Aqueous acetone concentrations are expressed on a 

v/v basis (eg. 7~7o (v/v) acetone in water). 

Preparation of Laterials. 

(1) Fen- wetting kieselguhr. 11Hyf'lo Super Cel 11 ootained 

from Messrs Johns Manville , u . s.A., was submitted to a 

process of flotation in water to remove the finer particles. 

Kieselguhr (ca. 5 lb.) was thoroughly mixed with v;e.tex• 

(ca. 3 gal.) i n a tall narro~ vessel and allowed t o stand 

1 hour, after which t he sus:9ended particles r;er e decanted. 

The process vYas repeated 3 times on the sediment, and the 

final product so olJtained was dried at 110°. When cool, 

the material was exposed to the vapour of dimethyl-

dichlorosilane in a part ially evacuat ed desiccator . Af ter 

2 hour s exposure 9 the kieselguhr -;;ms ·.·lashed free of' acids 

with absolute methanol and dried at 110°. All the particles 

in a sample of this material were found to float upon the 

SUl"face Yvhen shaken Yvi th vratel" , thus ensurint; that the 

kieselguhr had been rendered con~letely hydrophobic . 

( 2) Eedicinal paraffin. Colourless liquid paraffin 

(S . G. o. 880 - o. 895) '.las dissolved i n pure n-pentane and 

percolated thl"ough a column of' .::, rockmann Grade I alkaline 

alumina, to ensure removal of any acidic materi al . 

Evaporation of the pentane gave pure paraffin used as 

stationary phase. 

( "") A .d _./ Cl S , Sample s of palrai tic, stearic and lignoceric 

acids were drawn from laboratory stocks whi ch had been 

prepar ed from natural sources by high precision di stillation. 

The acids were fuPther purified by crystallisation befoi.."O use . 
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Ar achidi c and beheni c acids were synt hesised using 

an adaptat ion of the electrolytic method of Greaves , 

Linst ead, Shepheard, Thomas and Weedon ( 1) . 

Arachidic acid: Ethyl hydrogen adipate (17 . 6 g., 2 mol s , 

prepared according to Swann, Oehler and Buswel l (2)) a nd 

pal mi t i c a cid ( 13 . 0 g . , 1 mol ) i7ere d i ssol ved in methanol 

( 150 ml. ) . Sodi um metal (0 . 07 g . ) was added to neutralise 

ca. ~fo of the acids present. The solution ~as electrolyscd 

( 22 hours) with a current of 0 . 6 to 0 . 7 am?_). ii.1 a tube of 

2 i n. diameter fitted '.lith a cooling coil , thermomet er , 

reflux condenser, and a pair of platinum electrodes 

(3 . 5 x 2. 5 em. spaced ca. 1 mm. apart ). The vessel was 

sul"rounded by a cool ed bath, a~1d the flo;v of vvater tru:·ough 

t he condenser adjusted to maintain a t eraperature of L!.O - 50° . · 

At the end of the electrolysis a large precip itate of 

crystalline n-triacontane r.,as observed to have formed and 

the solution was found to be weakly alkal ine. The mixture 

was rendered faintly acid with acetic acid ( 0 . 2 ml.) 8.nd 

the solvent evaporated. Aqueous alcoholic KOH solution 

was then added ( KOH , 10 g . ; H20 , 7 ml. ; and abs. EtOH 

( 93 ml . )) , and the mixture refluxed 2~ hours on the r;ateP 

bath to saponify the ethyl esters. '.'fa t el" ( 55 ml. ) 1;:as t he:-! 

added and the solution extracted with 11- :pet1tane ( L~ x 100 ml.) 

to remove hydrocarbon. The aqueous layer was thei.1 a.ciC.ificd 

,,vith cold aqueous H2so4 solution ( 2~) and extracted ·.fi th 

e ther ( 6 x 200 ml. ) . ·;rashing of the ethereal extract with 

water (4 x 100 ml.) follo~ed by evaporation of t he solvent 

gave a mixture of arachidic and sebacic acids . Tho solid 

acids were eguiliorated betr1een aqueous methai.10l ( 200 ml. 

80% v/v) and n- hexane (200 ml . ) at 60° . Removal of tho 

hydrocar·bon layer followed i)y its evapol"atioi1 toGe ther wi th 

further h exane exti•ac t s ( 3 x 100 ml.) of the. aqueous l a ;:.-or, 

gave crude arachidic acid. Recrystallisation ( 5 times) 
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f~om methanol gave arachidic acid (5.37 g., 40% yield) of 

m.p. 75.2- 75.8° (Found: C, 77.05; H, l2.92fo; 

eq. wt . , 309. Arachidic acid requires C, 77.0; H, 12. 82%; 

eq. wt ., 312 and m.p. 76.3°). 

Behenic acid: Ethyl hydrogen adipate (12.25 g. , 2 mols) 

and stearic acid ( 10.0 g., 1 mol) were dissolved in ai)solute 

methanol ( 100 ml.). 8 odium metal ( 0. 05 r; . ) was added to 

the solution which was then electrolysed 30 houl"S at 

40 - 50° with a current of 0.5 - 0.8 amp. A heavy 

crystalline precipitate of n-tetratriacontane formed during 

the reaction. 

Treatment of the electrolysis solution in the 

same manner as for the arachidic acid synthesis furnished 

crude rna terial recrystalli sed from methanol ( L~ times) to 

yield behenic acid (4.76 g., 4a~ yield) of m. p. 80 . 2 -

80.7° (Found: C, 77.7; H, 12.93%; eq. ,-,t ., 3L~2 . 

Behenic acid requi r·es C, 77. 6; H, 12. 92%; eq. wt . , 3Ll-l 

and m. p. 80 .7°) . 

X-Ray Long Spacings of the Fatty Acids . 

Ueasurements were made on a Philips Geiger Counter 

Spectpometer, and at least seven v1ell defined 11reflecti ons11 

were observed for each acid. Filtered Cu- Ka, l"a<i.iatio~1 

()\ = 1 .541 .R) was used, and the specime11s examii.1ed i n the 

a form by allowing them to solidify slowly after melting 

between microscope slides. The long spacing values 

deternuned were as f ollows (literature values (3) in 

parenthesis): palmitic acid~ 35. 5 (35,6), stearic acid 

39.4 (39.8), arachidic acid ~-3 . 6 (41-{ .• 2), behenic acid 47 . 9 

(48. 3), lignoceric acid 51. 8 (52. 6) . 

Preparation of Columns. 

The mull used for packing columns was prepared 

in batches. Non-wetting kieselguhr (93 g.) was stirred 
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with a solution of paraffin (75 ml.) in pure anhydrous ether 

( 500 ml.) . The ether was slowly evaporated i"l i th constan t 

agitation of the slurry, until a coarse homogei.1eous pov/der 

was obtained which was then dried for 2 hours at 60° i n a 

vacuum oven. 

Q·wing to difficulty in preparing air-free C01Uflli.1S 1 

special precautions were taken during packing. The mull 

( 19.5 g.) was placed in a top-drive macerator toget her ·.7i t h 

83% aqueous aceton e ( 200 ml.) previously equili·:n.,ated \lri th 

paraffin. After thorough agitation, the slurry gas 

transferred to a 500 ml. separating funnel constr•ucte d '.7i th 

a v·ide b ore stopcock ai.1d a gx•ound glass neclc i nto ".'Jhich a 

tap was fitted after introduction of the material. To expel 

all ai~ the slurry was thoroughly boiled in the s eparatinG 

funnel by hol ding it i n a horizontal position on a water 

bath. 

Next, the column was cor11pl e tely fi lle d ·.-ri th 

. b oiled 83% aqueous acetone to give a p osi t ive meniscus a t 

the top. The stem of the separating funnel was then closed 

with the tip of the forefi nger and filled with aqueous 

acetone by inclining the vessel, which was attached to t t.1c 

column by judiciously sliding the stem ovel"' the liquid 

meniscus and wi thdrawing the finger at the same time. .. !i th 

the column and separati ng funnel stem completely full of 

liquid, the mull was a llm-.red to fall i nto the column i)y 

setting it. to f low. Afte r some settling had t al{cn p l ace , 

the cont e nts •rer e pressurised with ail" at a:.1 excess pressure 

of 50 mm. During s ubsequent settling, t he column 1.7as 

vigorously t apped and shaken to ensure homogeneity of 

packine . A n eatly fitti ng d i sc of f ilte r paper uas the~ 

plac ed on top of the packed mull. Satisfactory air- free 

c olumns were obtained by t his met hod . 

All columns wer e jacket e d a nd mai n t ained at a 

constant temperature of 35° . 
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Loadi ng of Columns . 

The mi xture to be chromat ographed (co~taining 

6 - 8 mg. of each co111ponent, accuratel y \/eighed) rras 

dissol ved in paraffin witi.l gent le v7arming ( o. 2 ml. paraffi n 

t o each 7 mg . of ac i ds). 1fihen cool , the solut i on rias 

t aken up i n anhydrous etheP ( 15 ml.) . :?on- ·-:ettL1g 

k i e s elguhr was then added ( o. 26 g . fo r each o. 2 ml. 

paraffin) , and the ether rvas evaporated ·;ri th continuous 

stirring. The powdery mull 1.;ras then dried ovel"'ni ght under 

vacuum at 60° . 

For loading, the mull was thoroughly slurried •:;i th 

50% · aqueous acetone ( 10 - 15 ml. ) previously eQ.uili bra ted 

with par af.fi n . The n ixture ;:ras boi led t o expel aii' and 

poured on the column. After some settling, the solid 

mull was gently bedded by the slow dovmward motion of a 

plunger fitted with a perforated stainless steel disc . 

The supernatant 50?~ aqueous acetone solution ·Jas run ir~t o 

t he column , aftel"' a fi l ter papel" disc had ~)eon placed on to]? 

of the acid containing uand. To prevent distur·bance of 

the 'band and loss of acids during c ha;,1ges of developing 

sol vents, a small :protecting band of acid-free mull -.-ras 

placed on top of the column. For this purpose , a small 

quantity (ca. 1 g . ) o~ mull was boiled with 50~ aqueous 

acetone and packed with the ' plunger, as a'bove, to give a 

height of approximately 2 em. 

Dev eloping Solvents . 

Ordinary commercial acetone of low acidity vras 

used to prepare developing solvents . Before use, all 

solvents were equilibrated VIi th paraffin, and clarif i ed of 

suspended oil droplet s by pel"colation under r:n"'essure t hrou;:;h 

a 3 em. bed of kieselguhr- paraffin mull. The clear 

solut ions were placed in s eparating funnels fitted uith 

s t opcocks and connected to a manifold of capillary tubin£. 



;[ig. A, ~it~tion V~ssel with Nitrogen CirQulation. 

A = Siphon tip. 
B = Mlcro-bu.rette tip. 
C = Stopcock: a) When closed, aliquot circuJ.a ted 

by N2 stream.. 
b) Hhen open, liquid allowed to drain. 

Inlet from ~========~ 
solvent manifold 

Outlet to graduated 
supply burette for 
determination of 

solvent blank tit1~ 

Wa.ter return to 
thermostat 

Diagram of Colwnn Head. 

A = Developing solvent. 
B = Col1mm jacket. 
C = Top of protecting band (kieselguhr­

paraffin mull). 



- 73 -

To facilitate the process of changing the developing solvents 

and also to provide a means of obtaining aliquots for b l ank 

t itre determination, the column top was fitted as in Fi g.B. 

~hile in use the supply funnels were fitted with 

soda lime guard tubes. The column effluent v;ras allo'.7ed to 

run into a siphon, and was protected from contact with 

atmospheric Co2 by means of a rubber collar and guard tube 

pl aced between the column tip and the siphon cup. 

Siphon. 

The siphon was constructed to deliver 1.0 ml . 

aliquot s with efficient drainage. To pi'event the 

precipitation of higher acids in the siphon during cooler 

weather, it was wound with a 15 ohm l ength of nichrome 

Wil"'e ar:.d heated ui t h a current of 0 . 35 amp. 

Titration of Eluates. 

A titration vessel uith nitrogen circulation 

was constructed according to the design of Howard and 

Martin ( 4). The chl oroform tube and light system 

described by these authors was replaced by an ordinary 

25 watt globe built into a lamp housing which surrounded 

the titrati on vessel, and was fitted -;vith suitable filters 

to give a background of whi te light. 

illustrated in Fi g. A. 

The vessel is 

It was found necessary to saturate the nitrogen 

stream with acetone vapour to counteract evaporation effects 

in the titration vessel. The nitrogen was accordinGlY 

passed over copper turnings at 700°, t hen tl~ough 4o% 
aqueous KOH solution and finally through a sint0red glass 

wash bottl e containing neutral acetone maintained at 30° 

by means of a small 1.5 watt immersion heater. 

Standardised methanolic 0 . 01 N KOH v1as delivered 

for titrati on from a 5 ml. microburette graduated in 
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O. 01 ml., and was prot ected a t all points from contact ui th 

atmospheri c co2. 3romothymol b l ue as a 0 , 46 neutr al 

solution i n 70% aqueous acetone was used as indicator. 

Procedure . 

F or chromat ography of a mi x ture of c16 - c2~. 
acids~ development ·was begun with 7(J';S aqueous acet one. 

Thi s was continu ed to j u s t over t he c16 peak, when a change 

was made t o 75% aqueous acetone. The sol vent was chanced 

to 80% a queous acet one on the downwal"d slope of t hu c18 

peak , to 83% aqueous acetone on the doY.rnward slope of the 

C 20 peak and finally t o 90i~ aqueous acetone on the downrmrd 

slope of the c 22 peak. The hol d up was determined by 

runni ng a narr ow band of KMno4 sol ution down tho column 

after t h e experi ment, and o'bs~rviDg the num~jer of aliquots 

required for · its elution, Aftel"' each sol vent change the 

blank titr e of the previ ou s solvent was determined by 

ti tl'•a t ion of 10 ml. samples under N2 without boiling. 

I ndivi dual acids wer e ch..r omatographed wi th s ol vent 

concentra t ions corr esponding to those used for their elution 

from a mixture . A flow rat e of 35 ml. per houl"' was used 

in all cm"'omatograms . 

Calculat ion of Results . 

Curves wepe plotted showing the number of aliquots 

of col umn effluent versus the quantity of o. 01 :·: alkali 

required to neutralise each aliquot . The area underneath 

each peak was measured with a planimeter , ~~ul tiplicati on 

of the areas by the equivalent vveights of the respective 

acids, followed by proportionation, gave the weight ratios 

of the components ( cf, Table VI , Chapter~-) . 
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EXPERH~EHTAL DETAILS. 

SECTION C. 

The following experimental details are relevant to Chapt0r 5. 

Pure oleic and linoleic acids. 

These acids wePe obtained "'oy sapoL:.ification of 

their pure esters supplied by the HoPmel Institute 

(University of Minnesota, U.S.A,). Thus for example: 

Uethyl linole ate ( 1.13 g.) \7as added to alcoholic 

potash solution ( KOH, 0. 35 g. 9 r:ater o. 3 ml. aos. EtOH 1 

15 ml.) and loft to stand 30 hours undGP r:2 at 30° 

'.7ater ( 10 ml.) rras a dded to the solution a:1d uncha: ··~ ~ed e s t ex• 

extracted with n-pentane (3 x 50 ml.). The soap soluti on 

·pas acidified with 1e1;; aqueous sulphuric acid ( 20 ml.), a:1Ci. 

extracted · ·:ri th n-pontane ( 4 x 25 ml.). 1i/ashi ng of the 

pentane extracts with watel" ( L~ x 20 ml.) , follov-md b y 

evaporation of the solvent gave pure colouPless linoleic 

acid. 

Reversed Phase Partition Chromatography of Acid !\fixtures. 

The aqueous acetone-paraffin system wa s used 

as described i n Chapter 4. 

(1) . Oleic and linole ic acids. 

Olei c aci d (12. 35 mg . 45 . 5 mol %) and linol ei c 

acid ( 14. 9 mg. 54. 5 mol ~b ) v-rere d i ssolv ed L1 6a;'S o.queou s 

acet one ( 7 . 0 ml.) Gmd ~)cured ont o a column 85 em. high ~~ 

0 . 8 em. i n diame t er. The chrow1togr run v-ms G.ev e l oped rii til 

60% a queou s a c etone ( 105 ml.) a nd. then \7 i t h 67.5% aqueou s 

a ce t one ( 95 ml.) a t a t empePaturc of 35° o.nc1 a f l o\: x·a t0 

of 35 ml . per h our . Two. peak s wer•e s hovvn ( 2:" i g . IV). 

tieasurement of t he ar ea underneat h each peal); f ol lo·;; ed b:l 

pr oporti onati on , shoved ol eic aci d , l.-t-8 . 0 mol i~ e.nd linol ei c 

aci d , 52 .0 mol %. 
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(2) Oleic and palmitic acids. 

Oleic acid (11.20 mg.) and palmitic acid (9.6 ng.) 

·."fer.:; dissolved in 67.'3/o aqueous acetone (5.0 ml.) and poured 

onto a colurrLD 85 em. high x o. 8 em. in diarnetcr . The 

chromatogram vvas developed ~ .• ·i th 67.5% aqueous acetone 

( 150 111~ .) at a temperature of 35° and a flor1 rate of 

35 ml. per hour. Only one peak was observed, the slope 

being greater on the right hand side than on the left. 

(3) Fraction C (Table III) at different temperatures . 

Fl'"'acti on C ( 20 r.1g .) ·.·1as dissolved in 60% aqueous 

acetone ( 7 ml.) , and chror11atogPaphcd on column 32 em. high x 

1.4 em. diameter, using 60% aqueous acetone (120 ml.) as 

the developing solvent. Flovr rate, 35 ml. peP hour. 

At 20° thr>ee incompl etely resolved pca~s r:crc 

observed. "T • f l t • J.. J.. 30 Q , l'.o SJ..gn o roso u 1.011 ·'ilas appal ... CDIJ av 

Resolution uas ill defined at 19°, poor at 16° aad 14°, 

good at 10° and not improved at tem0er atures "between 0° 

and 10°. 

( 4) Fractions :C and C (Table III) at 10°. 

These fract ions were chrom~tographed at 10° 

using the conditions described in the preceding 

experiment ( 3). The curve of Fraction C is shown in 

Fig. V, Chapter 5 . 
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EXPERHI~HTAL DETAILS. 

SECTION D. 

The following experimental details are r elevant to Chapter 6. 

Unsaturated materials wer e sealed under high 

vacuum and stored at 0°. Wherever possible , operations ~ith 

these materi als were carl'"'ied out under nitPogen atmosphere. 

Evapoi•ations were carried out under water pump va cuum a t a 

temperature not greater than 35°. 

Total Pilchard Fat t y Acids. 

gat erial of average equiva l ent weight = 282 and 

average number of double bonds per molecule = 2.40 (22 uptake 

Pd/BaSOL,) ~ rms prepaPed as described i n Chapter 3 . 
c 

Lithium Soap-Acetone Segregation Procedure. 

The process was carried out as described in 

Section A, and was repeated a s ec ond time in 95% aqueous 

acetone. A final treatment in 97/o aqueous acetone yi elded 

a concentrate of unsaturated acids ( 29 . ~~ of t otal) havin~ 

an av6rage equivalent wei ght = 311 and an average number of 

double bonds per molecule = 4. 62 ( H2 upt ake Pd/Baso1). 

Urea Complex Fractionation of the Lithium Soau- Acetone 

Concentrate. 

(1) The li thium soap- acetone concentr ate of 

unsaturated acids ( 93 g.) was dissolved in absolute ethanol 

(1 1.) containing AR urea ( 50 g. ) . After standing 14 hours 

at 4° the pr ecipitated coi-:lplexes r1er•e filter ed off, washed 

with cold e t hanol aDd sucked dr·y. The complexes ( 21 -:;.) 

wer e decomposed with water (100 till. ) a.-1d the solution 

extract ed with n- pentane ( 3 x 50 ml .). Aft el'"' washing of 

the pent ane extract s with water ( 3 x 20 ml. ) , and 
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evaporation of the solvent, Fracti on 1 (4.80 g. ) was 

ob t ai ned and sealed under high vacuum. 

(2) The f iltrate from ( l ) was evapor a t ed to a volume of 

850 ml. and l eft to stand 14 hour s at ~-0 • Compl exes ( 10 c . ) 

were obtained and decompo.sed as above t o yiel d Fraction 2 

( 2 . 48 g . ) . 

( 3) The f ilt r ate from ( 2) was evaporat ed to 750 ml. 

and l eft to stand 12 hours at 4°. Complexes (7 . 0 r; . ) 

yielded Fraction 3 (1. 85 g. ) after decomposition. 

(4) The f i ltrate from (3) ryas concentrated to 

550 ml . Urea ( 10 g . ) '.7as added and the sol ution stood 

14 hours at 4° . Complexes ( 17. 0 g. ) yieldod ::'raction L~ 

(4.40 g. ) aft er decomposition. 

(5) The filtrate from (4) was concentrated to 

470 ml. and stood 14 hours at 4° . Complexes (9 . 60 g. ) 

yielded Fraction 5 (2 . 58 g.) after decomposit ion. 

( 6) The filtrate from (5) was concentrated to 

400 ml. and urea (20 g. ) added. After standing 2 hours 

at 20° the precipitated urea nnd complexes ( ll.J. g. ) yielded 

Fr action 6 (1 . 5 g. ) aft er decomposition. 

(7) The filtrate (410 ml. ) from ( 6) was stood 14 hours 

Compl exes (20. 0 g.) yielded Fl'•action 7 ( 3 . 95 g. ). 

(8) The fi l trate from (7) was concentrated to 250 ml. 

and stood 14 hours at 1.~0 • Compl exes ( 9. 0 g. ) :,~i clded 

Fraction 8 (1. 90 g . ) after decompositi on. 

( 9) Urea ( 9. 0 g.) was added to the filtrate (260 ml . ) 

from ( 8) . After sta'i1ding 14 hours at !..!-
0

, complexes 

( 16. 8 g . ) yielded J.;:l"'act i on 9 ( L~ . 05 g. ) after decomposition. 

(10) The f iltrate from ( 9) was concentrat ed to 200 ml . 

and urea ( 5 . 0 g. ) add0d. After standing lL!. houi'S at l-1-
0

, 

complexes ( 9. 0 g. ) yielded Fr action lO ( 2~ 2L~ g. ) after 

decomposition. 

( 11) The filt r a t e from ( 10) was evaporated to dryness . 

The mixt ure of solid urea , compl exes and acids was shaken 
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with n-pentane (500 ml.). The solid urea and complexes 

(L1 .• 6o g.) were filtered off and decomposed to give 

Fraction 11 (0 . 82 g.). 

(12) The pentane filtrate from ( 11) was washed with 

wat er (4 x 100 ml .) and evapor ated to give the r~on Complex 

Formi ng Residue (55 g . ) representing ca. 2~ of total 

pilchar•d acids . 

Fract i ons 1 - 11 were all pale ~rel lo'."l oils, a~1d the 

non complex forming residue s ome1:1hat darker i :1 colour, proba'.JJ.;:.-

owing to a certain amount of oxidation during :yrocessi n1.3 . 

Average Unsaturation of Ma terials obtained bv the Lithi~ 

Soap-Acetone and Urea Complex Procedures. 

Final concentrates and segregated fractions ~ere 

all hydrogenated in glacial acetic acid ( 15 ml.) oveP 

palladium- bar ium sulphate (2. 5%) . The volume of hydrocei.1 

absorbed was measured t ogether with the baPometric pressure 

and the temperature. The equivalent weights were determineG 

by titration of ca. 10 mg . samples vdth standardised alkali, 

and the number of double bonds per molecule calculated from 

the data obtained. The results were as follows: 

Hydrogenation of Acid M.ixtul"'es oiJtained .J;- Li thi urn 

Soap-Acetone Segregation of Total Pilchard Acids. 

r------------r----~--------~----~--------~--------7-------------, 

Concentrat e I Wt . Baro.- Temp. Tlol. H2 ~··o . of' I 
( cf. 1 taken ~etrlc gas absorbed Eq. wt. dou-:Jle ·oollds j 
Table VII) (mg ) v.ressure oc. (c. c.) -;er molecule 

• (mm. corr.) ' ·- i 
~------------~-----+--------~----~--------+-------4---------------~ 

Total 
pilchard 
acids 

1st stage 

2nd stage 

:)rd stage 

96. 4 

102.1 

99. Lj. 

106. 7 

652 . 8 24. 0 

654. 0 20.0 

654.0 20 . 0 

6L~9. 2 22 . 0 
I 
I 

23 . 3 

41. 0 

L~l . J 

44. 8 

202 

295 

30L ~. 

311 

2 . LJ.O 

Lj .• 52 

'-~ . 62 
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~aero-hydrogenation of Acid I:ixtures obtained by 

Urea Comolex Fractionation of the Fina.l Lithium 

Soap-Acetone Concentrate. 

Baro- !Temp. 
I 

Fraction Wt . Vol. H2 l No . of 
( cf . taken metric gas absorbed Eq. wt. I double ~)onds 
Ta-ble VIII) (mg.) fi'eSSUI'e oc. (c. c.) mm. COT"£',) 

rper mol ecule 
J 

1 ~4 . 170 649 . 2 28 . 0 3 . 900 315 I 3. 00 
I 

2 14. 870 649 . 6 28.0 4. 762 
i 

3.38 305 I 
3 IJ-0 .165 646. 1..!- 28 . 0 3 . 334 300 j . 39 

4 9. 691 649 . 5 28 . 0 3. 755 300 L~ . Ol 

5 9.195 652. 2 28 .0 3.690 302 4. 21 

6 9. 050 652. 9 28. 0 3. 7LJ.O 30L~ 4. LJ.o 

7 9.267 647.8 128.0 L~ .• 000 304 4. 5U.. 

8 9.102 649.7 27.9 3. 995 303 ~L . 60 

9 9. 077 650.4 27. 8 4. 075 301 L~ . 69 

10 8. 965 649.2 28. 0 4. 084 305 4. 82 

11 1 9.159 649.8 28 .1 L~ . 113 303 4. 71 

ITon complex! 

650.4 28 . 4 4. 347 308 L~ . 85 

I 

I 
I 
! 

I 
i 

I 
I 
I 
! 
I 

I 
! 
I 

forming I 
r esidue 9. 557 j 

0 I __ I 

~hain Length Analyses of Unsaturat~d Concentrates. 

Concentrates of unsaturated acids were completely 

hydrogenated over Adams' catalyst 9 and the molar pel"'centac;es 

of the chain lengths in the saturated material deter•mined 

by quantitative reversed phase partition chromatography as 

described in Chapter 4~ and Section B. 

Samples (ca. 35 mg.), dissolved in paraffin and 

adsorbed on non- wettii.1g kieselguhi', were chror.mtographed on 

columns ca. 80 em. high x 0.8 em. diameter . The chromate-

grams were developed with increasing concentrations of 

aqueous acetone (70, 75 , 80 , 83%) at a flow rate of 35 ml. 

per houP , and a temperature of 35°. The results are 

shown in Table X. 
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EXPERIMENTAL DETAILS. 

SECTION E. 

The fo llowing experimental details are relevant to Chapter 7. 

Wherever possible, operations wit h unsaturated 

materials wer e carried out under nitrogen atmosphere . 

Such mat erials were stored at 0° after seali ng under high 

vacuum in glas s ampoules. Evaporations were carried out 

a t the water pump and at a t emperature not greater than 35° . 

Mol ecular Distillation of the Unsaturated Concentrat e of 

Pilchard Aci ds. 

A concentrate of unsaturated acids ( eq. vlt. = 311 

and number of double bonds per mol ecule = 4 . 62 (H2 uptake 

Pd/Baso4)) vms prepared by use of the li thiurn soap- acetone 

procedure (cf. Section A). The concentrate was fractionated 

i n a t wo stage prototype of the three stage falling f ilm 

molecular still described by Sutton (1). The distilland 

was r ecycled t wice with all the distilling stages at the 

same t emperature before r emoval of each fraction. The 

temperature of the stages was increased by use of a higher 

boiling solvent after each successive fraction had been 

r emoved. Six Fract ions (I - VI) wer e o~taincd , as ~ell as 

three smaller intermediate fractions (Table XI) . 

Fraction I was r emoved with the distilling stages 

heated by boiling water (96°) . Fract ion II was distilled 

at the temperature of boiling toluene (105°), while 

Fractions III and IV wer e distilled at 120° and 130° 

respect ively, using constant-boiling mixtures prepared 

from toluene and xylol . Fraction V w~s distilled at the 

temperature of boiling xylol (135°), and Fr action VI at 

the t emperature of a constant-boiling mi xture of xylol 

and anisole (145°). 
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Reversed Phase Partition Chromatography of Fractions I - VI 

from Mol ecular Distillation. 

Fractions I - VI were chromatographcd (23 mg. each) 

. on a column 31.5 em. in height x 1.4 em. diameter packed 

with non- wetting keisel guhr supporting liquid paraffin as the 

stationary phase (cf. Section C). Aqueous acetone ( 60% vjv) 

was used to develop the cb.romatogr·ams at a flor.r rate of 35 ml. 

per hour and a temperature of 10°. Curves. are shown in Fig. VI . 

Chain Length Analysis of Fractions I - VI. 

Fractions I - VI v1ere completely hydx·ogenated in 

methanol solution over Pd/Baso4 catalyst, and the resul tin.z 

mixture of saturated acids analysed for chain length 

distribution b~r reversed phase partition chi·omatography 

( cf. Section B). The results are shown in Table XII . 

Examination of Fractions I - VI for Evidence of Autoxidation. 

(1) Qualitative test. 

Each of I<'l ... actions I -VI (0.5 mg.) ·.ras dissolved 

in absolute methanol ( 1 ::nl.) and added to methanolic ferrous 

thiocyanate s elution (AR armnoniurn thiocyanate ( 0.13 ·g.) and 

H2so1+ ( 0.12 ml.) in absolute methanol ( 25 ml. ) , pr0vious1:.1 

saturated v:i th .A:R ferrous ammonium sulphate) . After 

standing 20 minutes only the faintest tracG of red colour 

was observed for Fractions I -VI, i ndi cating a negligi~le 

amount of oxidation. 

(2) Ultra-violet examination. 

Solutions of Fractions I- VI ( ca. 5.0 mg . ) in 

9$% ethanol ( 25 ml.) \7el ... e ·examined in a ::J ecl:mann i.:odel D. U. 

Quartz Spectrophotometer . After extrapolation of the 

curve to make allowance for background absorption, tlle 
1% \ Elcm. va~ue was measured at A234 mp, and calculated as a 
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percentage of' 

hydroperoxide 

the El% value for pure methyl li~oleate leo. 

(= 780) at the same wave l ength (2). The 

values obtained showed not more than ·0.5% oxidation for 

each of' Fractions I - VI. 

(3) Infra-red examination. 

The double bonds whi ch migrate i nt o conjugation 

during autoxidation of' a nat urall;>r occurring cis oonded 

fatty acid assume a trans conf'igul"ation, so that measurement 

of' the percentage of tr~0s oonds in an oxidised acid gives 

a measure of' the degree of' a utoxida tion. 

Conjugated trans-trans bon~s give rise to a peak 

near 10.15 ~ in the infra-red a~d this pea~ was i nvestisat ed 

for Fractions I -VI. r:easurements Yler e made on a Perkin-

Elmer si ngle-o eam i nfra-red spectrometer pr eviously 

calibrated with mixtures of' oleic acid (cis) aJd 

~-elaeostearic acid which is ki1own to contain t hree con-

juga ted trans-trans-trans dou~Jle bonds. 

Th.e 11 absorptivity" was calculated foi' each 

artificial mixture of' oleic and ~-elaeostearic aci ds by 

measurenent of' the 10.1 )1 peak i n the manner show~1 "bel ow. 

Zero 

(i.-
1 
I 

10.1 

c 

D 

I 

l 

I 
1 

B 
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A line AB was drawn through t h e peak parallel t o 

the general slope of the curve. A vertical line CD was 

then drawn through the apex of the peak to intersect An 

and join t he zero co- ordinate at D. The distances I and I 
0 

wer e t hen measured, and the 11 absorpti vi t y 11 c alcul a t ed a s 
Io 

log-
I 

A straight line calibrati on gr aph was ti1cn 

obtained by plottiag the 11 absorpti vi ty11 v ePsus the 

concentration of P-elaeostearic acid (i.e. concentrati on of 

trans bond s) for each n ixture . 

The 11 a-Dsorptivi ty11 Yfas measu:r•ed fN' the 10. 1 fl 

peaks shovm by Fractions I -VI, and the cotic entr ation of 

trans bonds read off fro@ the calibration graph. The 

r esults are s hov·m in the fo l lorring t able . 

I 

' C oncei.1t:L"'ation ·ro .. ·• 0 . of 
-
! 

Fraction/concentration 
I Io of tl"'ans isolated 1 I 

trans ·:) onus I Io I ' log bonds from (:rvt . ~~ 1 n CS 2) I calibration per 
graph molecule 

I 2.34 883 793 o. 046L~ 0.038 O. Ol.j.8 

II 2.43 901 840 0.0315 0.027 0 . 033 

2.44 945 918 
I 

0 . 012 III o. 0123 i 0.010 
i 

IV 2.37 I I 
\ 

v 2.91 I~egligi ~)le absol"'ption 
' VI 2.70 

Tot al 
pilchard 4 .19 755 743j 0.0068 0.007 

I 
0. 005 

acids ! 
I I 

---'"----o.-~ 
_....... -

In calculating the number of is ol a t ed trans bonds 

per molecule (las t column of Ta'ble) i t was assumed, as a 

fair appl"'oximation, tha t all Fractions had the same molecula:;."' 

weight as ~-elaeostearic acid. Thus for each r r action 5 the 

concentra t ion of trans bonds from the calibration gr aph rras 

multi plied by 3 (since (3-elaeostearic acid ccntaL1s 3 trans 

' I 

I 
I 

i 
I 

l 
: 

! 
l 

i 
I : 

I 

' I 
! 
! 
i 
' I 
I 

I 
I 
! 
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bonds per molecule) and divided by the concentration used 

for measurement, i.e. for Fraction I 0.038 x 3 - c oL'8 
1 2. 34 - . • r 

trans bonds per mol6cule. The number of conjugated pairs 

of trans bonds is one half the total nmnber of trans bonds, 

i.e. for Fraction I,o.g48 = 0.024 conjugated trans-trans 

bonds per molecule. 

The approximate percentage of oxidation of each 

Fraction is then obtained by expressing the number of trans~ 

trans conjugated pairs per molecule, as a percentage of the 

total number of doubl e b onds per molecul e ( det ermi ned by 

hydr ogenation (cf. Tabl e XI)). The result s wer e a s follo~s: 

j f . t , 
I ' I To t al Fo . of l No. o conJuga ea doubl e ·bonds r-;! Fr acti on t rans-trans doubl e per molecul e ,J Oxidat ion 

·uonds per mol ecule ( Table XI ) 

I 0.024 3. 55 I o. 67;~ 

II 0.016 3; 65 o . 46;;-~ I 
III 0.006 4.18 0 . 14~ I 

IV Hil 4. 86 I:Ti l I 
l 
I 
! 

v I~il 5. 20 ! I~il 
i 

i I 

VI Nil 5.42 I i::il 
I 

Total ' ' pilchard acids 0.0025 2. L~O 0. 01~; I 
I 
I 

li2E· In ass e ssi ng t he accurac y of t he r esult s s hown 

for the percentage oxi dation, two factors must be considered. 

(1) Fract ions I, I I and III were later shovm 

(Chapter 8) to contain an aci d which exhi bits a natural peak 

near 10.1 p ~ not attr i butabl e t o trans bonding. The 

percentages of oxidat ioa shown fo1 ... these f r actions al"'e thus 

probabl y t oo high. 

( 2) Cis- t rans bonds arising fl-.om oxi dat ion als o sho'.7 

a peak near 10 .1 u i n t he infra- red. 
I 

If onl y ci s-trans 

conjugat ed bonds are produced, t hen the numbe1 ... of pairs of 
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cis-trans conjugated double b onds is equal to the total 

number of isolated trans bonds per molecule, and not equal 

to one half as required for trans-trans conjugated ~J onds. 

Thus, if the intensi t y of the 10 .1 ~peak shown by ?ractions 

I -VI was due partly to cis-trans bonds, and no t to trans­

trans bonds alone, then the percentages of oxidatim1 shown 

are too low. 

Taking these factors into consideration~ t he 

percentage oxidat ion of all Fx•actions is pr o'bably l e s s t hai.1 

0. 3% . 

Alkali Isomerisation of Fractions I - VI . 

Preparation of 21% KOH- ethyl ene glycol reagent : Ethylene 

glycol (100 g. distill ed over Zn dust and KOH pellets) was 

heat ed under a blanket of nitrogen at 190° for 10 minutes , 

allowed to cool to 150° 9 and the calculated aHount of 

potassium hydroxide pellets added to give a solution 21% 

by weight ( ca. 28 g . of 85% KOH pellets). The solution 

was again heated at 190° for 10 minutes, a~1d then allovved 

to cool to room temperature . The strength of the reagent 

was checked by titration of a weighed aliquot with 

standard alkali, and the concentration adjusted to 

21 :± 0 .1% -by addition of ethylene glycol pPeviously dried 

a t 190 ° for 10 minutes . The pale straw coloured reagent 

was stored under nitrogen a t 0°. 

Reaction tubes: Gl ass tu-D es 1 inch i n di ameter and 5 inc"::les 

long were fitt ed with necks 1 inches in diameter and 

5! inches in length. Eac~ vessel ~as fitted uith a 

detachable glass cap having a ni t1:,oge:1 inlet and a ni tl"ogen 

exit tube. The l atter was situated centrally in the cap 

and designed to dip into the reaction vessel to 1.:i thin 

1t i nches of the bottom. 
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Procedure: Ethylene glycol-KOH reagent (5.0 g . ) vias weighed 

into a reaction tube fitted with a cap through which oxy~ei.l-

free nitrogen was passed to displace the air. r, hile 

continuously blanketed \lith nitrogen, the tu~e was heated 

at 180± 0.1° in a paraffin wax oath for 10 minutes. An 

accurately weighed ( 10 - lL~ mg.) sample of the j~raction 

contained in a glass capsule ( 8 nrrn. dianeter x 6 mrn. height) , 

~as then added to the reaction tube oy inclining it in the 

bath and allowing the capsule to slide i n eently. The 

reaction tube was then removed from the oath and s~1alcen 

vigorously for 5 . seconds before being replaced. Tllis 

shaking operation was repeated twice at 30 second intervals. 

The reaction was accurately timed with a stop Hatch from 

t he moment of addition of the sample, and after the tui)e 

had been heated foP 15 minutes , i t was removed fPom the 1Jath 

and cooled rapidly in cold water. The is omePi sed raixt t1I' e 

was then accurately diluted wi t h distilled water and 96% 

ethanol (5:1) to a suitable optical density for ultra- violet 

examination in a Beckmann T.io_del D. U. Quartz Spectrophotometc:x·. 

Duplicate determinations were made for each of Fr·actions I - VI 

and a blank run at the same time. both isomerisation 

solutions were compared directly agai nst t he blank after 

dilution. The results are sho'.-m i n Table XIII. 

Urea Complex Fractionation of Fraction I. 

Urea (3 g.) was dissolved in absolute ethan9l 

( 80 ml . ) and the solution cooled to 15°. Fraction I 

(2.02 g.) was added to the solution and the whole left to 

stand 14 hours at 4°. The crystalline precipitate wa s 

removed by filtration and washed \Uth cold ethanol. The 

filtrate and washings wer e concentrated to a volume of 

65 ml . and left 12 hours at 4° to deposit a second crop of 

complexes which were filtered off as befol"e. Ul'ea ( 0 . 5 ~ · ) 
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was added to the filtrate and washings which were allowed 

to deposit a third crop of complexes on standing. A fourth 

crop was obtained by evaporation of the filtrate from the 

previ ous crop to a volume of 30 ml. and again allowing to 

stand 14 hours at 4°. The acids Which did not form tu~ea 

complexes were recovered from the final filtrate by 

evaporating i t to dryness, adding water and extr•acting with 

n- pentane. The complexes precipitated at each stage ii.1 

the fractionation 17ere decomposed vii th water, a:1d the acids 

recovered by extraction with n- pentane. The Pesults are 

shown in Table XIV. 

Average UnsatuPation of Acid r.Iixtures obtained :frOin 

Molecular Distillation and Ux'ea Complex Practi onati on. 

Determination of average degree of uns8turation 

was carried out by micro-hydrogenation in glacial acetic 

acid (15 ml. ) over palladium-barium sulphate (2. 5~) . Th~ 

volume of hydrogen absorbed was measured together vJi th the 

barometric pressure and the t emperature. The equival ent 

weights were determined by titration of ca. 10 mg. samples 

with standardised alkali, and the number of double bonds per 

molecul e calculated from the data obtained. The results 

were as follows: 

Micro- Hydrogenation of Fractions I - VI and 
IntePmediate Fractions obtained ·by :rolecular Distillation 

of the Lithium Soap-Acetone Concentrate. 

Fraction Wt . Barometric Temp. r;o . of Vol. H2 
( cf . taken pressure gas absorbed Eq. wt . douole bonds 
Table XI) (mg. ) (mm. corr.) oc. (c . c . ) per mol ecul e 

I 7.070 656.0 30. 0 2. 65 272 3. 55 
I nt . 9.020 654. 4 28.7 3. 42 274 3. 62 
II 8. 8L~l 654.4 28 . 7 3 . 36 276 3 . 65 .... 

Int. 9. 345 654.4 28 . 7 3. 82 287 4.0) 
III 8. 847 656. 5 28 . 5 3.68 288 L! .• l G 

Int. 7.176 658 . 5 28 . 5 3.11 306 ~-- 65 
IV 7. 816 658 . 5 28 .0 3 . 53 307 4. 86 
v 7.652 656 . 0 128.5 3. 60 315 5 . 20 

VI 7. 423 660.0 29.0 3 . 52 326 5. L!.2 
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Micro- Hydrogenation of Fractions Ia - I6 and the 
Non Complex Forming Residue obtained by 
Urea Complex Fractionation of Fraction I. 

i ! 
1 No . of' l Fraction Wt . BarometriciTemp. Vol. H2' 

(cf. taken pressure §as absorbed Eq. 
Table :X:IV) (mg.) (mm. corr.) c. (c.c.) 

\7t. double bonds I 
lJer molecule I 

Fraction I 7. 070 
Ia 12.013 
Ii3 

1

13.517 
IY 8. 955 
I6 : 9. 000 

Non complex I 
.fort;Iing 18. 9131 
res1due 

656 .0 
659.5 
658 .3 
656.6 
657 . 0 

649.5 

JO . O 

28 . 2 
28 .1 
28 .0 
28 . 3 

28.0 

2. 650 
2 . OlL~ 

J . 6o6 
2. 920 
3 .130 

3. 536 . 

272 
281 
273 
276 
275 

269 

I 3 . ss i 
I l. 66 l 
I 
I 

2.55 
3.14 
3. 34 

3.68 

Reversed Phase Partition Chromatography of Fractions Ia - I6 

and the Residue o!Jtained from Urea Fractionation of Fracti 011 I. 

These materi als were chromatographed ( 21 - 23 mg. 

each) on columns 32 em. i n hei ght x 1.3 em. in diruneter, 

packed with non- wetting kieselguhr s upporting medicinal 

paraffin as the stationaPy phase. The chx• omatograms were 

deve loped with aqueous acetone ; Fraction I a , ( 70;1, v/ v) ; 

Fraction I i3, ( 67. 5%, v/v); Fractions IY and I 6, ( 65/o, v/v); 

Residue, (55%, v/v) . F l ow rate = 35 ml. pel, hour and . 

t emperature 10°. The chromatogr aphi c curves are shown in 

Fig, VIII . 

For chain length anal ysis, r ractions Ia , I6 and 

the Residue wer e compl etely hydrogenated over Adams' catalyst , 

and the resultinr.; saturated material chromatogi'aJ:)hed on 

columns 85 em. i n height x 0.8 em. in diamet er using a flow 
0 rate of 35 ml. pe r hour and a temperature of 35 . 

(cf. Section B) . The results are shown in Table XIV. 

REFERENCES. 

(1) D. A. Sut t on. Chern. and I~~· 1383 (1953) . 

(2) H. H. Sephton & D.A. Sutton. ibid. 667 (19:.5 ) . 
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EXPERi t.:~ErTAL DETAILS. 

SECTION F. 

The following experimental details are relevant to Chapter 8. 

Unsaturat ed materials vv-ero s t ored a t 0° afte;r 

sealing under high vacuum. ~herever possi~le, operations 

Yli th these materials were carried out under ni tr•ogen 

atmosphere. Evaporations were carried out at the water 

pump with a temperature not higher than 35°. 

Preparation of a Concentrate of Unsaturated Acids. 

The concentl"ate of unBatuPat ed acids used as Pau 

material for the isolation of the c16 tetraene acid, uas that 

prepared (as shown in Table VII, Chapter 6) by m."ea complex 

fractionation of the l ithium soap- acetone concentrate. 

This material which had an average equivalent weight = 308 

and average number of double l)onds per mol ecule = ~-· 85 

(H2 uptake Pq/Baso4), was rich in the c16 and c18 unsatul""ntcd 

acids . 

Molecular Distillation of the Unsaturated Acid Concentrate . 

The three stage falling film moleculer still 

described by Sutton ( 1) '.vas used to dist il the concentrat e 

of unsaturated acids. The distilland was recycled t\ticc, 

vvi th all the distilling stages at the same temperature, 

before removal of each fraction. Successive fractions 

were obtaii.1ed using solvents of increasing boiling poi nt t o 

heat the distilling stages. The 1 ow est boiling Fracti Ol1 A 

which distilled a t 85~ contained the required c16 tctracnc 

acid in the hi ghest concentration and was r eserved for 

subsequent chromatography. The results of the distillation 

are shown in Table XV . 
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Analysi s of t he Unsaturated Fractions fr om Molecular 

Disti lla t ion. 

FPacti ons A, B and C and the residues fr01n the 

distillation were all quanti tat i vely hydrogenated over 

palladium-barium sul phate (2. 5;% ) cat alys t. After 

det ermination of their equival ent weight s by t itr ation, the 

av e r age unsat urati on of these mat eri als was calculated i n 

t he usua l manner. The result s were a s follows: 

Mi cro-Hydrogenat ion of Fractions obtained by 

Molecular Distil lat ion of the Unsat ur a t ed Concentrate . 

Fraction Wt . Barometri c Temp . Vol. H2 No . of · 
( cf . t aken pressure §as absor bed Eq. V.'t . doubl e l)onds 
Tabl e XV) ( mg.) (mm. corP. ) c. ( c . c . ) per molecule 

Unsaturat€d 
concentrate 9 . 557 650.4 28 . 4 4 . 347 308 L!-. 85 

A 9.105 652. 0 28.3 3 . 692 260 3 . 67 

B 8 . 953 652. 0 28. 6 3 . 640 263 3 . 72 

c 8 .993 651. 3 28 . 3 3 . 784 269 3 . 93 

Res . R. 
(3rd stage) 8 . 945 652. 0 28 . 4 3 . 963 295 4. 5L~-

Mai n bul k 
Re s i due 9. 057 652. 8 28. 3 4 . 307 325 5 . 38 

Rever sed Phase Partition Chromatography of ~raction A 

(Prepar at i ve Scale) . 

A port i on of Fract ion A was chPomatographed on a 

column 80 em. high x 3 em. diameter, which was maintained 

at 10° and packed with non- wett ing kieselguhr ·supportiJg 

medi cinal paraffin as s t ationary phase ( cf. Section B) . 

The mixed acids (413 mg . ) were di ssolv6d in aqueous acetone 

(55%, v/v, previously equilibrated vn t h paraffin ) , and the 

sol ution was allowed to run into the top of the column. 

Last traces of acid were washed in vnth 20 ml. of 55% aqueous 

acet one. The chromat ogram was then developed at a flow rate 
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of 150 ml. :per hour ~.,i th 55% aqueous aceto•1e (pre-cooled to 

10°) . Th 1 t e co umn elua e was collected under ni t:cogen in 

the special receiveP illustx·ated in F i g . IX. The 

chromatogPaphic cur•ve obtained is show·n in Fi:; X ~ and the 

eluate oet ween t he arro'7S marked on this curve vms collected 

separately a s being representative of the first peak. T~-.e 

solution (350 ml.) vras reserved for isolation of ti.1e dissolved 

ac i d . 

Recovery of Hexadecatet~"'aenoic Acid fl"'om the Colu. .. D Eluate. 

The c o l umn elua t e (350 ml.) repPesentative of the 

first peak shown on chromatography of ~raction A 9 was 

evaporated to approXili1a tely half its vo~ume on a \lateP ·oath 

at 38° and under a vacuum of 15 mm. Hg. Nitr ogen ;vas 

bubbl ed through the flask during evaporation. The 

resulting aqueous suspension of fatty acid was then 

saturated with AR sodi um sul phate and exhaustively extracted 

wi t h distilled n- pentane under nitrogen. The pe21tane 

extract (ca. 1 1.) vras washed VIi th water ( L~ x 100 ml.) and 

evaporated to yield the fatty acid ( 144 mg. ) as L ua1e yellow 

( almost colourl ess) oil of refractive index ,~9o ~ 1 . 4870 . 

Carbon and Hydrogen: Found: C, 77 . l?fto; H, 9.87;;~ . 

Hexadecatetraenoic acid requires C, 77 . 3'Z:f-6; H, 9. 7~,~ . 

Equiv alent Weight: The acid ( 10 . 72L~ mg.) r equi:r•ed 3 . 20 ml. 

of 0.01 N NaOH (f' • . = 1.310), showing equivalent weight = 250. 

Hexadecatetraenoic acid requires equivalent ~eight = 248 . 5 . 

Unsaturation: The acid ( 9 .180 mg . ) aoso r bed L!-. 198 c . c . H2 

i J glacial acetic acid (15 ml.) over Adams ' catalyst at a 

t emperature of 28 . 9° and a col"'rected pressure of 652. 25 mEl . 

Hen.ce number of double bonds per molecule = 3 . 96 . 

Hexadecatetr aenic acid requi res ntunber of double bonds per 

molecule = 4.0 . 
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Hydrogenation product: The isolated acid (50.5 mg.) was 

hydrogenated in absolute ethanol (60 ml.) over Adams' catalyst 

under 30 lb, per square inch pressure of hyfu~ogen for ~ hours 

in a Parr appal..,atus. Removal of the cata12rs t and evaporation 

of the so lvent gave a v:ax~r solid, crystallised from 967; 

ethanol .to show a m.p. of 62 , 0 - 62 . 5°. 

ac id requires m,p , 62,8°), I.'iixed melt with an aut hen tic 

sample of palmitic acid (m. ~ . 62~3 - 62.6°) showed 

m.p. 62.1 - 62. 6°, confirming that the hydrogenation 

product of the material isolated f rom Fraction A y;as :palmi tic 

acid. 

Equivalent weight of the hydrogenation pl''oduct (m. p . 62 . 0 -

62. 5°): The hydrogenation product ( 9. 990 me, ) I•equired 

2. 92 ml. of 0. 01 N · NaOH (f. = 1. 323), shovling equivalent 

\Ie i ght = 258 . 

Yveigh t = 256. 4. 

Palmiti c acid requires equivalent 

U~ tra-Violet I,ight Absorptior~ of the Isolated 

Hexadecatetraenoic Acid. 

A solution of hexadecatetraenoic acid (5.115 mg. ) 

in 98;b ethanol ( 25 ml.) was examined in a Beckmann ~-~odel D. U. 

Quart z Spectrophotometer . No diene, triene , or tetraene 

peal;:s we:r·e a~Jparent in the ·region /-.220 - ~350 lTI}l, showing that 

no conjugated unsa tura t ion was present . After extrapolation 
Y-' of the curve t o allow for background absor:_Jtion, the E 10 

lcm. 

value for an inflection at \232 mp was mcasuJ:.""'ed = 1. 95. 

Comparison with the E~m. value of 780 for pur0 methyl 

linoleate hydl""'operoxide at this wave length ( 2) , shov:ed that 

the maximum amount of oxidation of the hexadecatetrae::10ic 

acid was 0.33% . 

For measurement of lie ht a"bsor.ption i 11 the l~ egion 

A206 - A220 m~ a s olution of hexadecatetraenoic acid 

(0.411 mg.) in 96% ethanol (25 ml . ) was used, A discuss:1. o·.1 
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concerning· the accuracy of determinations i n this region 

(cf. Fig. XI) has been published (3). 

Alkali Isomerisation of the Hexadecatetraenoic Acid. 

Hexadecatetracnoic acid ( 13.10 mg. ) ·ias isomerised 

15 minutes in 217; KOH-ethylene glycol reagent at 180°. The 

r eac tion Ylas carried out under nitrogen according to ti.1e 

procedure detailed in Section E. Dilution of t he 

isomerised s olution, followed by ultra- violet eAQnination 

in a Beckmann Model D. U. Quartz Spectrophotometcl" gave the 

curve shovTi1 in Fig. XII . 

Infra-Red Examination of the Hexadecatetracnoic Acid. 

Me asurements \7ere made on a Perkin-:~amcr s i ngle 

beam infra-red spectrophotometer. F or determination of the 

full absorption curve (Fi e . XIV), hexadecatetr·aenoic acid ,·:as 

examined as a 3 . 04% ('.7/w) solution in cs 2, and. the reference 

compound, 10-undecylenic acid 1• as a 2 , 4 T;b ( r.r/ w) s olution 

in CS 2• For determinations il: the regio:n 1325 - lL!-25 

(Fig . XIII) carbon t e trachloride was used as solvent, 

- 1 
C!r1 . 

bec ause cs2 exhi-oi ts absorption in thi s region. 

Hexadecatetraenoic ac id was exami ned as a L~. 97!& ( w/w) 

solution in cc1
4

, palmitic acid as a 4 . 8L!% (w/r;) s olution 

in CClL~ and 10-undecylenic acid as a 5 .00% (w/ w) solution 

in 0014• 

Permanganate Oxi dation of th6 Hexadecate traenoi c Acid. 

Hexadecatetl"aenoic acid ( 145.4 mg. ) vms d.issol v ed 

in water ( 80 ml.) containing potassium hydr•oxid.e ( 1. 32 g . ) 

and the solution· cooled to 0° . · A solution of potassi um 

permanganate (2.2 g . ) in water (60 ml.) ~as also cooled to 0° . 

The soap solution in a beakel" (L~oo ml.) nas surrounded b~,r 

ice and stirred mechanically. After addition of chips of 

ice to the solution, the pe:Pman ganat e Yvas added over a 
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period of 10 minutes . The solution was stirred i hour 

at 0° and then overn ight at room temperature. Excess 

permanganate was then destroyed by passing i 11 so2 gas until 

the solution became colour>less. The soluti on was then 

strongly acidif ied wi th concentrated HCl and evapol"ated to 

a vo lume of 15 ml. After further acid.ificatio~1 \ /i ti.1 HC l 

the aqueous sol uti on was exhaustively extracted ii?i th ether 

in a continuous ether extractor. Evaporation of the et:1er 

extract gave the dibusic oxidation products as a crystalline 

mass . 

Paper Chromatography of the Dibasic Pex•mansanat e Oxidation 

Products from the Hexadeca t etraenoic Acid. 

Whatman ? o.l paper s ~ere s~otted ui t h the dibasic 

pel"'mangaaate oxidation products ' a·nd rli th pure c2 - c5 

dibasic acids as reference compounds. The papers r1er e 

al lowed to equilibPate ov ernight 1dth solvent va~our i n a 

chromato graphic tank , before being devel oped 10 hours with 

ethanolic- ammoni urn hydroxide (ethanol? 80 : c oi1C. I::iL~OH ~ 20) 

in a desce~ding direction. The papers were dried } hour at 

80° , and then sprayed with 3 .D. H. universal indicator to 

contrast the s pots. Adipi c acid was shorm to -De the majol" 

oxidation product of t he hexadecatetrae!1oic acid, ~Jeing 

evi denced by a spot in exact correspondence with t hat due 

to an authentic sample of adipic acid. Some glut aric acid 

was also evidenced toge t her with a fai~1t trace of oxa.li c 

acid. Succinic and malonic acids were clearly not prese~t 

in the di basic permanganat e oxidation products . The 

glutaric acid and trace of oxalic acid, may have arisen from 

f urther degradation of the adipic (of . 4) . All spots due 

to both the unknown mi xtul"e and the refere-;.1ce compounds 

were clearl y l"esolved, being sepal"a t ed o y a t least 2 em. 
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Note on the Isolat ion of the Acid Represented by the Second 

Peak Shown on Chromatography of Fraction A. ("Hl ip;. X). 

The eluate between 743 and 1148 ml. (?ig. X) was 

collected separat ely as being largely representative of the 

second peak shown. Extraction of the acid from this eluate 

in the manner described for t he isolation of the 

hexadecatetr aenoic acid, . furnished a pale. yellow (almost 

col ourless) aci d ( 41 mg. ~~9 . 5 = 1 . 4781), having an 

equivalent ~eight = 258, and number of double bonds per 

mol ecul e = 3 . 15 . (Acid (9 . 606 mg . ) absorbed 3 . 398 c . c . H2 

in glacial acetic acid (15 ml. ) over PajBaSOL~ at 28 . 4° and 

at a corrected pr·ess.ure of 650 mm. Hg . ) . c16 triene acid 

r equires equivalent weight = 250 . 4 and number of double bonds 

per mol ecule = 3 . 0 . 

The material isolated appeared to co~sist 

largely of c16 triene acid but was obviously impure . The 

impurit y could not have been o18 triene aci d since the 

average unsaturation would then have been3.0 exactly, 

but was pr obably c20 tetraene aci d. A mixture of c16 

triene acid (85.5%) and c20 tetraene acid (14. 5%) would 

have an average equivalent weight = 258 and average number 

of double bonds per molecule = 3 . 15, in exact corl"espondencc 

with the observed values. A o16 triene and a c20 tetraene 

acid might be expected t o give an overlapping peak, and yet 

both be resolvable from the hexadecat etraenoic acid of the 

first peak (cf. Chapter 5) . The efficiency of the 

preparative column i n resolving the mixture of o16 tetraene 

and c 16 triene acids, was equivalent to that obtainable !Jy 

650 transfers of counter-current distribution (cf. also 

Chapter 5). 
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PART I. HIGHLY UNSATURATED ACIDS r'RO: .. ; 

THE 30DY OIL OF TEE SOUTH At7RICA17 PILCHARD. 

S U M M A R Y. 

( l) Requirements for the analysis of a marine oil 

have been discussed. 

( 2) The method of reversed phase partition 

chromatography has been applied to the resolution of 

normal chain c16 - c24 sature.ted fatty acids, L1 fulfilment 

of the need for a quantitative semi- micro method for chain 

length analysis of fatty acid mixtures. 

( 3) Reversed phase pal"'ti tion chx·omatography has beei.1 

investigated as a method for the resolution of uns aturated 

fatty acid mixtures. The scope and limitatious of the 

method have been discussed. 

( 4) The lithium soap-ace~one and urea complex 

fractionation techniques have been investigated for the 

prepal"'ation of concentrates of unsaturated acids from 

South African pilchard oil. The relative efficiencies of 

these methods have been discussed. 

(5) A new approach to the analysis of marine oils 

without isolation of individual components, has ~Jeen 

suggested. The method involves the use, in appropl"'iate 

sequence, of t he techniques of lithirun soap-acetone 

segregation, molecular distillation, urea complex 

fractionation, reversed phase partition chromatography 

and alkali isomer i sation. 

( 6) A new and unusual fatty acid ha s been i solat ed 

from South African pilchard oil and characterised ~y . 
physical and chemical means as hexadeca-6:2:12:15-t~traenoic 

The name ·marinolic ~cid has iJee~1 proposed .fol"' 

this compound. 
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THE STRUCTURE OF CICUTOL. 

CHAPTER 1. 

INTRODUCTIOF. 

Since the middle of the 16th century the plants 

l)elongi ng to the genus Cicuta have been known and recognised 

as probably the most violently toxic of all growing in 

temperate regions. While the symptoms of poisonii.1g and the 

·ootanical features of the genus have ~)een ac·curately 

ciescri l)ed many times~ little has, until recently, been known 

al)out the chemical nature of the to;dn. The failur·e of 

earlier workers to isolate pure com9ounds suitable for 

structural characterisation was due both to the lack of 

adequate techniques, andto the extreme lability of the unusual 

molecules occurring in these plants. 

The investigation reported in the followi:i.1g pages 

was carried out on a var•iety of the genus knorm as Cicuta 

vir•osa or 11water hemlock", which is widely distx•i buted in 

Europe and has been l"esponsible for numerous fat ali ties . 

From this p lant t vvo compounds were isolated rlo.ich pl"'oved to 

be of considerable chemical intei'est as members of a nert class 

of natural products. One of these was a pure non-toxic 

compound named cicutol, and the other was the impure toxin 

named cicutoxin. Both compounds proved to oe closely 

related, nut only cicutol was investigated by the authol, •. 

The toxin was subsequently purified and characterised by 

other workers (cf. Chapter 5) . 

The Genus Cicuta. 

The following description is taken largely from 

the excellent bibliography of the genu s compiled by l\farsh, 

Clawson and Marsh of the U.S. Department of Agriculture (1). 
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The Flowers and Stem of Cicuta vagans, 

a Typical Member of the genus Cicuta 
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These authors state that the term Cicuta occurs 

frequently in Latin literature and has as its Greek equivalent 

the word \<w.vrt..t..o.J ·.Although certain varieties of Cicuta 

are today knovm as "water hemlock11
, it i s evident that the 

hemlock used by the Greeks and Romans for the pun1srnnent of 

criminals and for suieidal purposes, was not an extract of 

Cicuta . The symptoms produced by the hemlock are described 

in detail by Plato in connec t ion with t he deat h of Socrates , 

and are very different to those resulting from ingestion of 

Cicuta; instead they suggest poisoning by another genus known 

as Conium. Inasmuch as species of Cicuta are not found in 

a~y abundance i n Greece and Italy, it may perhaps be fairly 

questioned whether the Greeks and Romans had any knowledge 

of the plants. 

The first recorded facts concerning poisoning by 

Cicuta are contained in a 1Jook called "Cicutae Aq_uaticae 

Hi s tori a e t Noxae" published b~,r J. J. Wepfer in 1679 ( 2). 

This work records the symptoms of poisoning, the physiology 

and pharmacology of eight cases and also details of the 

po s t mortems. Numerous deaths have been r eported since this 

record of the 17th century, and almost every year further 

cases occur, pru~ticularly among children. 

Botanical. 

A complete botanical description of the genus 

Cicuta is available in Gl~ay' s !:fev: Manual of Botany ( 3) and 

also in a repOl"'ted investigation of the plant by Jacobson (L~). 

The folloVli ng is a bl"'i cf summary. 

11A pere1mial umbellif'er growing two to five feet 

tall from a bulbous rootstock~ The leaves are lanceolate 

and pinnately compound with serrate leaflets. 'rhe flowers 

are greenish white to white and dispersed in series of 



' 
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A Plant Belonging to the genus Cicuta 

(Showing the rootstock which contains 

a poi sonous yellow-brown oil) 
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clusters, while the fruit is ovoid and glabrous with strong 

flattish corky ~ibs. The st~m is sm9oth ai1d hollovt \Yi t h 

nodes 4 - 8 inche s ap al"'t , a nd t he rootstock frm~1 whi ch t :1e 

stem or stems grow, vari e s i n size from t ha t of a haze l nut 

to that of a mans fist . The rootstock has o~e t o four or 

five taperi ng r·oots covered with fi ne white r oot h a i r s, and 

is hollow inside with transverse ch ambers . Ducts in the 

fi bre- vascul ar r egion of the ro otstock exude a poi s onous 

yellow- -Dl"'own oil. 11 

The p l ant is d i str i1Jute d in t:1e norther l.1 c ontL1cJ.1ts , 

a n d i s generally f ound grovli ng al ong t he edge s of str e aii1S, 

di t che s a nd lake s or i n marshy ground. A laX' ge num-oep of 

specie s h ave been descri iJed, mos t of wth i ch aT•e c l osel y 

r elated. Th e fo llowing varieti es hav e been r ep or t ed as 

poisonou s : c. macula t a , oulb ifer a , v agans , bolande r i , 

occiden t alis, c ali f ornica , curti s ii , douglas i i , purpurea, 

tenuifolia and v irosa . 

Th e last name d , wh i ch was sel ected f oP s t udy 

because of its ready availability , i s a s trong smelli n3 

plant f lowe ring i n J uly. A ves icant a nd h i ghly toxic 

yell ow oil is pi'esent in the r oots , wb i ch are on occasion 

mi stakenl y eaten a s parsnips . Thi s f ac t pPobably accounts 

f or the numerous fat a l i tie s attri 1:mt ed t o poi soning by 

Cicut a ( 5 ) .• 

P opular Names. 

Arnone E,gli sh speaking people t he Ci cuta is most 

c ommonl y knovn as 11 wa t ei' heml ock" or 11cow"bane 11
• Other 

n ar.1e s a :t•e uparsni p 0 ( or :r\-li l d p ars nip 11 ) , 11 •. m akeroot:r , 

rr spotted heml ock" , 11 spot t ed pai•s ley:r , 11 s nake-r-reed:r , 11beavel" 

po i s on 11 , 11 mus qua sh root a and t•muskr a t weedrr . 

I n r ew fl_exi c o i t is ::nov7n as 11 pecos11
, vvhi l e an 

I ndi an name i s 11 utcurn11 • Ger rnal.l names ar•e ' 'Wassersc hi erlii.1G 11 
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or "giftiger Schi erling1
' ~ ' 1VI!Uterich" or 11 gifti :.:;c r '.7i.iterich11 , 

"Purzenk:r'aut n , 11Tollkraut 11 and 11 I'olli.-...U.0e 11 ~ '.7hile it is kno·7n 

in I•'rance as "cigue vireusc 11 • 

Uses_Qf C~cuta. 

The violently t oxic nature of Cicuta extracts has 

attracted medical attention, and sev eral instances are 

recor>dec1. of ·che use of the poison L1 trcatr,1C:c1t Ol' a vai•i ety 

of diseases. L~ol"e frequent are r eports of it s use fo r 

criminal and suicidal purposes . 

Rafinesque ( 6) says 11A fevt gi•aiD.s have 1)een .given 

in schirr ose and scrofulous tumours and ulcers with e gual 

advantage , "but a larger dose i.J:C'oduces nausea a~:c!. vo1;:i t:Lng . 

The doses should be small, often rep<?ated and graclually 

increased. It has been used as e gargle for sore t hroat, 

but safer· substa~1ces ou:;ht to >;e prefex•red. ;r 

In Si"bei•ia the cr u:Jhcd nut has 1Jee::1 uBed fo~" 

s ;yphili tic symptm,ls and i l1 I or·.7a~r for :out, ·::hilc the s e eds 

are kno~n to have a duiretic action. 

In ~ood and Jach~'s Dispensatory of t he G. S . A. I -· \ 

\ / J 

it is stated t:1at tnc _;;lant is never used inte:c"nall;r n::c:. 

rarely externco.l l z,T as a n anod~'ne poultice f'or local .;.J a ir.s. 

Dragendor>ff ( 8) sta tes that Sicuta extracts have ·oeei.1 used 

for arrow poison. 

Expc:e:Lments C<E' l"i.ed Ol.<.t L : .. tile Ui.1i ted Stat 0s ( l ), 

h ave sho7r:.l that the stems , l eaves , seeds and fl owers are 

non-toxic to shee:~ , ~J \..1.t t:1e;t the Poots are ~l i,S hl:,r 

poi soi."~. ous . 

all ti :r,1es of the year , "but t :1a t the viru l ence is clil.lini shed 

dul"ing the gPoVliug seaso n OJ.' t l~e ) lant. It i s .c;e:1erally 

s tated that the plant is mo s t }?oisonous L1 the S1)r i ng. 
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General Symptoms of Poisoning. 

The symptoms of Cicuta poisoning are so positive 

that a diagnosis is easily made . Pain is experienced, 
I 

especially in the reg.ion of the stomach, but may be quite 

general in character. Nausea is al ways apparent , leading 

sometimes to violent vomiting, and at other times to . 

spasmodic attempts at vomitation without result . Diarrhoea 

and polyuria are generally observed, while the breathing 

becomes laboured, stertorous and at times irregular. The 

pupils of the eyes dilate and the pulse becomes weak , 

intermittent and rapid. As the effect of the poison 

increases, the victim is overcome by violent convulsions of 

both a tetanic and clonic nature. These are generally 

accompani ed by frothing at the mouth, gnashing of the teeth 

and trismus, and in extreme cases by opisthotonos . The 

convulsions may be accompanied or followed by unconscious-

ness, and in fatal cases grow more violent until ended by 

death. 

Post Mortem Findings. 

Hyperemia of the brain and central nervous 

system have been observed, while many writers have recorded 

inflammation of the larynx, trachea, lungs , bronchial tubes 

and stomach. The blood is generally found to have los t 

its property of coagulation, and in the kidneys the red 

corpuscles are largely broken down. 

From his experiments on the poisoning of frogs, 

Wikzemski (9) has concluded that the effect of the poison 

is chiefly on the central nervous system, while the activity 

of the heart and respiratory organs is influenced in a 

secondary way. The upper part of the brain is not affected, 

but the "convulsion centre 11 at the end of the medulla 
. 

oblongata is profoundly activated. Terminal paralysis of 

the spinal cord apparently results from complete exhaustion 
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following the convul si ons . Trojanowsky (10) says that the 

toxin has antiseptic properties, as evidenced by the delayed 

process of decay after death. 

Toxic Dose . 

Feeding of animals with eith6r the ~hole or portions 

of the plant has been carried out, but little exact experi­

mental work is Pecorded. All that•is known defi nite l y is 

t hat a very small quanti ty of the root of Cicuta may produc e 

death, but t he amount varies wi th the season and also ·;1i th 

the period of time durinc which it is eaten. In an 

cxpCI' iment \li th the pur·e toJ~in, ho·:rever, it ·,'as sho'.7n. t hat 

0 . 2 mg. suspended in lecithin-saline caused death when 

administered intraperitoneally to a mouse weiching 

approximately 20 grams. 

Animals Poisoned by Cicuta . 

Wepfer (2) showed cx~erimentally that dogs , 

wolves , and birds could be poisoned. Gadd ( 11) says t l1at 

horses , oxen , cov1s and goat s are su sceptible , wi.1ile 

Scholler (12) gives specific instances of ~he poisonin2 of 

swine. It is, however, very probable that most , if not 

all, of the higher animals may be poisoned. 

Remedies f or Cicuta Poisoning. 

An emetic is gener ally given and followed oy a 

cathartic to facili t ate elimination. When this is done 

promptly the ~rognosis is favourable , because the poison is 

dissolved only very slo~ly in the stomach, o-nium is 

occasionall~: admini stel"ed to co:;.1trol the convulsions. ID 

the light of recent experience concerning the extl ... eme lability 

of the toxin towards oxidising agents, it is pl"obably not 

unreasonable to suggest t:1at a dose of potassium :permangaDate 

might nullify its effects if adrni nj_stered vli thout dolay. 
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TOXIC PRI::C n:_LE OF _ __Q]CUTA. 

It has long been recognised that the toxin of 

Cicutu. is pl'esent in the yellm7-·:Jro\ID oil exuded fz•oE1 tho 

I'hizome 1 but \lhi l e several investigations of this oil hav~S 

been pu1Jli shed , only those of Boehm ( 1), Pohl ( 2) o.nd 

Jacobson ( J) arc of any significance from the chemical 

point of view. ~one of these authors was successful in 

isolati11g pm."e compounds from Cicuta, and, u ol"eover , the 

dco.,u.datioi.1 products of t h8ir crude preparations ·. :ere 

insufficic11tly chal.,actcPised. · nevertheless, much useful 

information regarding methods for extraction of the plant 

and the preparation of toxic concentrates is contained in 

thc.::ir Pcports . 

The ~irGt chemic ~l investigati on of Cicuta ~as 

unclcl"tr:.ken in 1876 ·by Professor Boehm of Dorp8.t ~ =?.ussia 9 

"Nho noted t hn t the pharmacoloqical ac ti on o f the poi son ·,;r s 

simil£ll""' to t hat "of other compounds such as picrotoxin, 

The observat ion u as of no 

chemical valt,_c. 2t the time since t he structures o:L these 

mol ccul·.:o \\'cro un.k~lO'.ll.1, but it has si nee been shoun t hat 

cicutoxi n and oenanthotoxin are indeed vepy closel y related 

compounds . 

Boehl:. ga7e three 111ethods foP the isol ation o:L the 

poison, out expl'ess.:;d doubt as to the purity of his 

preparat ions. 

( 1) In the f irs t method the dl"'icd and fi nel~r gi•ound 

tubers '?Jer e extl""'actod '.""lith e ther. The residue aft er 

removal of th e solvent \las extracted \lith 7afo ag_1.wous 

alcohol and then with petrol ethep lcavii1g an insoluble 

material vvhich i7as called cicutoxin. 
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( 2) In the second method the dried and ground r oots .vu"~ 

extracted with boiling wat er . The plant residue ·.1as then 

ex tracted iYi th 95~ aqueous alcohol , and r emoval of t he 

sol vent from this extract r;av e a ma terial v:i1i ch rras leached 

vri t h petrol eth(:;r to leave a concentrate of cicutoxin. 

( 3) The third method involved extraction of the :plat1t 

matcri o.l ,_,j_ th 7ap aC]_ueous alcohol co~1t ai:1in2; 1o;·; concent:i."at,::d 

ammonium hydroxide . Tte poison uas precipitated f~om the 

extr act ',.,ri th l ead acet ate, and r ecovered ·by snbseq_uo.:)nt 

removal of' the l ead. 

The ·.·rork of .)oehm provide d useful i nformation 

• 
concci'~" ing the solu-bility of the toxin i n vru.~ious solve11ts, 

but in view of the extrEJiae lability of the molecul e t o\t2,l"ds 

oxidat ion , it is he.rdly s ur>p risii.1::::; th:::tt the methods used for 

its extract~c •• :~iled to y i eld any but crud6 ~reparations . 

DP',-ing of t he l"oots Odfol"e extraction undoubtedl;r caused 

considerabl e degradation , ·;.,rhile treatment vli th re;lati vcly 

high boiling solvents st1ch as ':tat m" anc:L alcohol 111ight also 

hav e caused some modification. Extraction wlth aqueous 

alcohol l'emoves sucar s frolll. the plant r;m terial ( 3) , c:1d 

these vrould have lJoeYl :pl"ese:nt as contaminants i n 'Soehrt1 1 s · 

cicutoxi~ c oncentrates . 

Follovvin[ on the -rork of Loehm, the 11ext atto;n<Jt to 

isolate the toxin of Cicuta uas ma<.:e by Pohl in 13S4 ( 2) . 

Th(; method used ·:ms, i i1 effect, e. c ombination of all three of 

Boehm' s proc edures, ·hnt adcli tional pPecauti ons ;·;ere ta!:::on to 

remove sugars and other un·;:cmted constituents . 

:-=,riefly sunu~tarised, t.he r:1ethod was as follo,,;s . 

Th~ Cicuta roots '.7Cl'e slic~d , air dried and extracted · . .r i tl1 

96~b ethanol. The syrup· o~Jtained 011 evapora ti r' 'i1 of t lle 

solvent v·-ras dried ut 40° in an ovei.1 to remove all alcohol 

and then l eached ·:,i. th wuter to remove sugars . The 

residue f r om t h is tr•eatment was again dissolved i n eths.~1ol 

and the poi son precipitated with l~ad acetate . Hemoval 
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of' the l ead · .. ri th sodium sulphate lef't a toxic co:1cont1"'ato 

wlli c h v1as d i ssolved in ether a nd shaken out \:ith stronz 

alkal i . Thi s had the effect of removi nc a lar•ge quantity 

of r esinous a cids , but left almos t a ll the toxin Ll the 

ethGr ea l l ayer. Evaporation of' the e t her' cav e a syrupy 

mater ial which was l eached ~ith petrol ether to remove 2n 

inactive phytoster ol . The phytosterol tende d to crystallise 

in needles from tho syrup , and many extract ions '.7i th putrol 

ether were required before microsconic exar.lination of' the 

residue showed it to be homocencous and without C<i1~' 

tendency to deposit crystalline material. The s:;rups 

obtained i n th i s way from several batches of ~la~t material, 

showed identical ele"nen t 2.r~~ ? .. lalyses , and Pohl was thus l . .;(t 

t o believe that tho products uerL prob&oly ~ur0 cicutoxin. 

The vigorous trer.1tments involved L1 this i)roccdlli"'~ 

place it open to the S&i.lC cri tici sus as a~:::-.:.;1~~ to the.. er:\rlic~.:­

methods of Doehms but neVGl..,thcless, t t.e ~~:..~e::;>arnti o::1s ·. ·c:;..~c.. 

almost certainly purer tlmn an~ previously dbt~i~cd. 

Pohl stated that cicutoxi~ ~as solu~lc in 

chl oroform ether , acetone~ glacial acetic acicl , acetic 

anhydride, e thyl acetate , benzene , phenol a~d p~ridi=c, 

but r..ras insolt(jle in petrol ether, uate1.., anC. diluto cold 

acids and alkalis . The chemical invcstigat:Lo:."ls reported 

were of li ttlc value exce.9t f'ol., the obser~rntion th11.t 

pGPi,mnganate o:;ridation afforded oxalic acid toc ether ·.1i tl-:. 

several unidentified volatile acids . Trcatm_;nt '.7i th 

alcoholic potash caused modificatiop of the toxi~ to a 

resinous alkali soluble ma to rial, as did pr olon_:::ed di·~:i nc, 

·.:hile distilla tio:l o:ri th zinc dust in o.n a t l,:osphcrG of 

hydrogen yielded :::.il 1r::.iuentiJ.'iec1. oil ~-:it.: t~1c oC:.our o:f 

cui a col. 

In 1 915 , sor:1e t.:outy yea:i.."'S c:tftci' th.J · .. 'ark of Pohl, 

c icutoxin -.rae again investigated by Jacobson in A1aurica ( ) ). 
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Jacobson's cethod involved ethel ... extraction of t'i.1c 

fx•ush tubers aftel"' ir.acerati on to a fi~1e :pulp. The ether was 

evaporated L1 a stream of d1'7 air and "'Then, afte:L ... s cvePal 

weeks, the residue no longer lost weight it '.i?S analysed as 

cicutoxin. 

Addition of an alcoholic solution of t~lli ethereal 

e:dract to stil ... red peti·ol etho r gave a~1 a1:1orphous :prccipi tate 

of the toxin, ~~t t he analysis of this su~stance ~as 

su·ostantially the same a s that observed fo:t tho ethe:;. ... e;al 

extract i tsclf, so that Jaco"bso:: co~lsidered :10 adve.:;tct:;e to 

')e gai .. ed :J:r the additio::al step . 

Jaco~Dso:;:, 1 ... ecorded that ci cutoxii1 ':.ras a ;yel_lo·J i sh 

liquid 1 ... esi r.~ whic :1 was ~1eutral to i::.dica tol'' S. L.e statL-d 

alcoholic properties. 

r::o l eculc ;-,as L ldicated ~)y its ex:plosive 1 ... eactio:-. '.li t 'i.1 i.1i t1•ic 

acid, its ready a·0sorptio:·l of lJ1 ... omine ol'' iodine, and by the 

of c o:1di ti ons . 

visible spectrum, but a general ~Jsor~tion was o~served in 

the ultra- -;; iolet VJhich was not exa;:,1L:cd i :• C:.e tail. 

Dry distillatio;,:. of cj_cut n::i ;,_ ~~iel&ed a variet~r of 

unide~tified oils , ~fui le steam distilla tion yielded a 

colourless oil assigned the formula c111H22o on the ~)asis o:L 

its ~lementary a~alysis . Cicutoxi:::. itself :re.s assigned 

the enipiric fo:L ... mula c19H26oj . 

Permanganate oxiciatioa was found to give oxalic 

acid and car·oo:1 dioxide, ~·1hilc ::1iti•ic acid was stated to 

yield oxalic acid, h:~d:....,oc:ranic acid, isooutyric acicl., ai1CL 

acetyl-2-cyclopentanone. Th e hydi'ogeu cya~1i&e 'i'las 

ider~tif'ied ~:;y coni:Justi on of a sil vei.., salt, t~1e i so ·mt;;i..,iC 

actd "by its odou.P a :-:d elm,lei.1tary ai1alysis , vlhile the last 
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named p:t:'oduct '.Yas characterised on the grounds that its 

-ooi ling poi!.1t and emyii'ic formula co: .. respo~lded to those of 

acetyl-2-cyclopentanone. 

j.Ju.mel .. ous othel"' c heii>i cal 1 .. eacti Oi.'l S were applied to 

cicutqxL1, aDd the pi"'oducts e:;::ai,.L : ed ·:Jut not iG.e:: tified. 

~ ... etallic dei' i vatives wei'e :;,1re:pared a:1d. also a:1 inr.Jure aceta tes 

iodide, OI'Ol!1id.e a~1d hyG.roc hloride. 

In revieY!L1g his results , Jaco:)son stateci t~1at ·c. :}.e 

pl"'operties of cicutoxin shovred a i!la.l''ked s imilai..'i t~r to t~1ose 

of ~ -p~rrone . Assuming the toxin to ·,)e a dePi vative of' t h is 

s uo stance, he pPoposed the follov:ri:1[; structul,al foi'l!lula . 

The isopl"e0e gl'' OUp '.las ir:cluded t o account fol" 

the la.0ili t~r anG. ease of polyri1e: .. isation~ while the 

cy clopentanone and iso~ut~l groups accounted t or t he 

supJ:)osed.l ~r identi f i e d. oxidation p l"'oe:.ucts. The alcoilolic 

nature of the ~olecule was stated to a rise from e~olisation 

The possible l"'eactio~ls of t:lis molecule 'vlere 

inge~eously discussed b y Jacobso~ ill relatio~ t o t h e 

ob served r eactions of cicutoxin , ~ut si~ce t he p rop os ed 

structure was founded on insuffi ciently cha~acterised 

degPadatio:::J. pl"'o duct s , it has l"'i ghtl~r :~ever -0ee:1 acce ,! ted. . 

(l) Boehm. ArcQ.iv. fit-:. Exp . Path. und . __ ?_11ar@. 2_ , 279 (lL76) . 

( 2) J . Pohl. J'0i cl. , 3 )Jrs 2j9 ( l 09L:.) . 

C>) C. A. Jaco"lJ son. J. Ar.1e r . Chem. So...£. ) 7, 916 (1915) . 
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CHAPTER 3. 

THE ISOLATION OP. CTCUTOL . 

The cher.1ical investigatio21 of Cicuta virosa 

descri-bed in the followinG pages \tas c arPied out at the 

University of Cambridge during 1951 and part of 1952. 

Fresh rhizomes of the plar~.t vere collect ed in 

East Anglia during Feoruary , and ·.iere macei·ated in a mincii.1g 

machine after washing with water ~ The pulped roots were 

continuou s l y extracted -~d t h ether, and aft er I' emoval of an 

aqueous layer and a considerable amount of greenish s lime, 

the ethereal laye::c vvas evaporated at a lor: tempel"'ature under 

oxygen-free ni trocen. A dar k viscous orange-bro'Tm oil ·.·vas 

o1Jtained by this process i11 a yield of approximately 0 . 7% 

on the wei c ht of undried plant material, 

Examinatioi.~ of the crude extract i ·1 an ultra-violet 

spectr ophotometer showed intense and well defined absorption 

bands in the region between 230 and 350 mp. Such marked 

absorption indicated the presence of one or more substances 

·,:i th a high degree of conju:;ated unsnturation , a:1cl a lso 

suggested a convenient mean s of follorJing the isolation a;.1d 

purification of the matel1 ial containing the chromophore . 

It .;as realised that iJ t~1e eve;lt of the toxin .Jeii.1;:: 

responsi 1Jle for the absorption y thc; ·uc cessi ty for followiag 

its isolation by means of la0 orious anu. empil1 ic toxicity 

tests -.tould be olJvi a t ed .• 

In early attempts to o0ta~ ~1 pure cortrpounds f rom 

C. virosa the crude ethereal extract was chromatographed on 

columns of ah:uninium o~::ide , and the eluates examiiled 

spectrographically afte r evapoPation of the solvent . L1 this 

way concentrates rich in ultra-violet light absorbing 

mat eri a l were o·:Jtained,. "'.Jut these products were oily syrups 

which fai l ed to crystallise. 

The chromatographic method used in the preliminary 
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experiments had tho disadvantage that \~·i th colourless and 

neutl"'al compounds it was not possible to kno·,., with certainty 

'.7hen an adsor1Jed "band had been completely eluted. The 

somewhat arbitrary eluate fractions collected probably 

contained 1natcrial representing more than a single adsorption 

b and, and this would have accounted for the failure to obtain 

crystalline compounds. 

A solution to the probleLi of olJtaininc bettor 

defined chromatographic fractions, ·;~a s found in the use of 

the me thod of fluorescence - quenchi ::.;; chl"omatography on 

alumini urn oxide impregnated v-vi th morin. IT1 this elegant 

procedure developed by Brockmann and Volpors (l) the columns 

of impregnated adsorbent fluoresce w·hen irradiated ';:i th 

light of ap::_:>roximately 360 r!lJl, and substances havii1g marked 

ao sorpti on in the near' ul tl"a-violet region are contrast ed 

as dark zones on a luminous ·background ·.-·hen adsor>~Jed on such 

columns . It thus becomes possible t o follow visually the 

development of a c hromatogram, evei1 though the chromophoric 

material may appeal"' colourless i n ordinary daylight. 

Throe distinct lig ht absorb ing zones v:ere o·oser vcd 

v1hen the crude ethe r eal extract of c. v i rosa i7as , 

chror.1atographed on a colurnn of :Srockmann Grade I I neutral 

mori n-alumina. Th..; least strongly absor-bed nand ·;ras 

readily elute d \7i tll methanol-oe:nzene ( 1: 100), \Vhilc the 

second band moved slowly do ·,·.Tn the column and th e t hii•d 

r emai ned firml y adsOl.,·bed at the top . Cor.tinued J.evelopment 

v1ith the sarne sol vent result e d i n elution of t he seconcl 

~and , le av ing the third s t ationary as ~efore . Evaporation 

of t he f iltra t e corresponding to t he least s trongly 

adsorbed: ~oand gave a lJrown oil which partly so li di fied a t 

room tempera ture . 

e luate of the second bnnd , and a s i milar , t housh dar ker, 

material ~as ob t ained by elution of the t hi r'd ~and from t he 
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top port ion of the column with absolute methanol. The . . 

material I'epresentins the third band was found to lJe rr.i. thout 

the detailed licht absorptio~ charact Gri s tic of the other 

tvo zones, and was disca rded. In all probabi li ty i t was a 

polymeric s ubstance r esul tii.1g from the dc composi tion of the 

compounds present i n thE.. loi7er bands. 

The brown semi- solid oil obtained from the least 

strongly adsor-bed band uas re-chi.,omatogr aphed on a column of 

~3rockmann Grade II neutral mar in-alumina. Adsorption of the. 

material from 1Jenzene solution follo·J ed !Jy developP1ent of the 

ch1J.omato:sran ':Ji th methanol-lJenze:le ( 1: 100) , sho~. ;ed a nL·.cle 

·iJroad dark band i11 ul tra- violnt li::;ht . I r: visible licht 

this band ·:ras s ee;,· to co:1si st of l eadi nc and tre.ili Dg edges 

as narrovr bro·.:n ·uands e:1closinc a co lourl ess zone . The: 

eluat(; corresponcli:1g to t1:H:: coloux•less zone was collected 

separately, and 0'1 eva,;~oratio .l gave; a :!?al e yellc· .. ' oil ·, .rhici.l 

solidified compl etel;tl at ro01.1 temperature . ~{epeatc;d 

Cl"'ystallisation* of this matePial :t'r•om ·nenzene-li s ht 

petroleum anC. from car :Jo:;, tetrachlor•ide-li~ht peti·ol uum 

;,:ux•ni shed an alcohol, cicutol as l al"r;e , ah1o ct colourless, 

plates of m. ~ . 66° and [a]~5 0 (c. 1. 5 in ct~&nol) . 

The o rorm cum o1Jtaii.1cd froi.l~ the cluat(;; coi'l'esponG.Llg 

oD ~rockmann Grade II neutral sorin- alwni na. 

zone was o~Jsel,vcd under ul tra- v1 olet l L:;ht a:;.d t ll uo Y:as 

found to have a nari'0'7 "iro'<T£1 leaO.in.= edge i ::. visi ole li '3ht . 

The eluate c o;.1tai:.1ii.lC th...; narrov.r coloured ·.J:'~1d ·:;:;:, :; C..iscal, clecl , 

and that corres9onclins t0 t he colourl ess light absorbing 

zone ~os eva~oratcd separ~ tul~. . The px•od.uct :o.s a :-ello .l 

qnm -~·hich failed to solidify o1-:. coolL1[ . At t fJH1p t s t 0 

induce crystalli satioi.l frOi.i. sol7eilt s proved m1availin.3 a ncl 

furt 'tlCl"' chromatocra.!.)hj~ yiolC.e6. only gmns . 

~ Rocrystalli sation ~as carried out by 

Dr. (now Professor) B. Lythgoe . 
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Cicutol and the more strongly adsoPbcd b::i."'o·.m cum 

showed almost identical ultra-violet absorption curve s 

(Figs. 1 and 2),but only the latter was found to be toxic 

towards mice. Al t houch cicutol ~as evidently not the 

compound responsi ~)le fol" thE- poisonous nature of C. virosa, 

it was readily obtaj_nable irt a pure condition ·and 1.vas thus 

investigat ed first. :.3 oth products decomposed to bro-\'IT! 

insoluble r e sins i n a ir a.n<l lit;ht, but could be stored 

unchanged for s ome weeks unde r oxygen-free i.1i trogen be l ow 

0°C . Cicutol wa s best stored in a pure condition. 

I~EFERE:t::CES • 

( l) H • .0rockmann & F . Volpers . Chern, Bel"'. 80, 77 ( 19Lt-7) . 
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CHAPTER 4. 

TEE STRUC'l'URE OF CICUTOL. 

Elementary analysis of pure crystalli ne cicutol 

( m. p. G6° ) showed the empiPic forr.mla c
17

H22o. 

Hyclrogenatioil ovc1 ... j_J8.lladium resulted in the 

absoPption of 7 mol s of hydrogen, and the product was 

shown t o be heptadec an-1-ol by analysis ana oxida ti on to 

heptadecan-1-oic acid. A lone chain carbon skelet on with 

an hydroxyl group i n the 1 position and a hit.:;h degree o :L 

unsaturation , was t hus i ndi cated as the 1Jasic stl"uctui·e 

of ci c-qtol. Additional evidence for the pPesence of a 

primary hydr·oxyl gJ.•oup was obtaL1ed f r or:: the infra- red 

~ ""-1 specti•um which showed o. stror~g absorption band a t 3333 C1''• • 

Eo other oxygen functiobs Wer~ indicated. 

The Chromophore. 

Seven double bond units of unsaturation were 

shown present ·by hydroge~1ati e ll of c icutol, but it seemed 

unlikely that the chromophore '.las of' a sil,lple polyene t;ype 

containing seven ethylenic bonds in conjugation. Such 

compounds a'osorb o. t lol:.:_::ei· ·; r:.:r..re lencths in t he ul tre.-violet 

than cicutol (1). 

The na tv.re of the chromo:phor•e iJas eventual ly 

ascerta'i ned fl"'om i nfi·a-red . spectr.oscopic eviden c e, ·.!hie h 

showed that eli - substituted acetylenic links and trans-

ethylenic l i nks of the type H-CH:::CH- 1::1 ' ·:rere :9Pesent. In 

addition t o the strong pl ... imar·y hydroxyl a·o sorption at 

3333 cm71 the i:1fra- red spectrum. sho·.7ed 1Jands a t 2212 cr,1:-1 

( medi urn) , 2128 cm71 ( rieak) , 1634 cm:-1 (weak) , 1603 cm:-1 

( 111ecii urn) and 996 cm:-1 ( strong). The 2212 c~:;:- 1 ~Jand was 

undoubtedly due to R-G~C-R ' stretching -.rhile those at 

1 ,. _4 -l d 6 - - l d t t ~ c :::C bj em. an 1 Oj em. vrere ue o co :::juga eu - -C=C-

s tretching ( 2). The ~jand a t 996 cm71 was due to the 
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out-of-plane C-H vi -:n•ati ons of the tx·ans R-CH=CH-R' groups ; 

the normal value fol~ this mode is a-bout .965 cm:-1 ~Jut the 

shift to a higher fl"e quency observed in cicutol mi eht rvell 

oe due to the effect of considerable conjugation. The weal-: 

band at 2128 cm:-1 'ilas not easily explai:1ed, although its 

presence suggested that cicutol might coDtain a conjugated 

di-acetylene system. Dimethyldiacetylene sho~s b ands at 

2264 and 2157 cm71 due respectively to the symmetj:~i cal m1d 

unsymrne t r ica l st r etc hi ns ~n.o des of the a ce tylene links ( j ), 

so t ha t t he b and a t 2128 cm:-1 could possioly be du e to t he 

unsynunetrica l s tre t ching mod.e . of a diace tylene syst ert1. 

Absor p tion "bands c haract eri s tic of allen e s~-stel.:s , 

cis di s ub stitut ed ethyleni c groups (R-CH=Cii-R'), and termina l 

e t hylene gl"oup s (R-CH=CH2), wer e a ll absent f Por.l the i:1fra -

r ed s pectrum of c j_cu t ol. The comp ound qon taine d no t 0rmina l 

e t hynyl group s as evi C.e n ced by its fa ilUI'e t o g i \re ~::. s ilver 

derivative. 

Inf r a - red evidenc e wa s thu s of gr eat v a l ue i n 

e xcluding c e rta i n s tructura l p ossibiliti e s a nd est a)l ishi ng 

beyond doub t t h e pr esence of e thynyl and t r'2,ns et h~rl eaic 

1Jonds. ~,: or eover, i t s e emed likel ;:/ from the spectrum t:lo.t 

ci cutol cont ained t Tio e thynyl groups. 

F urther inf or ma tion r•eg2.rdL1: the nat m" c oi' t he 

c hromop hore was ob t c.i ned ·;)y i)art ial h~;-drogenati o~1 ov ep 

Lindlar ' s catal;:.rst ( L ~.) ·. ·::i ch is sc leoti ve i::. l"Cduci nc 

acet yleni c to ethyl cni c linkages 5 and is s:Jecific evc~1 for 

ace t yleni c bonds ~hich form part of a co~jugated system. 

The reduction of cicutol over I.incaElr 1 s catalyst ·.re,s hal ted 

aft er t he absol"pt ion of 2 . 2 ;.1ols of hydrogen* and 

the procl.uct f ound to have t he ul t:;.,a - v i ol et absorption 

s·pec trum of a conjuc ated pent aene ( :' i g . 3 ). 

* Experiment cari·i cd out to r;ether vri th D:c· . B . IJythe oe 

and Dr. E. F. L. J . Anet. 
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Comparison of the curve show:1 in F i e . 3 '.!i th thGt 

of known unoranched polyenes, i-s complicated ·oy lack of 

uniformity in the solvents for which measurements are 

available. The shifts in positions of the maxim& in 

various solvents are nevertheless unlikely to be larec and 

refe:i.''Emce to Ta!Jlc I sho\7S that the partial hyd:e occne1.t:Lon 

pi•oduct of c icutol exh:L"!... i ts the CZ::_Jccted ma:i::ina of a 

conjugat ed pentaone . An attempt to isolate the :~roduct of 

semi- hydl"ogennti on fe.ile<l ovri n.::; to polyraeri sation. 

Table I. 

Light Absorption of Unbranched Conjugated Polycnes 

( uave lengths in mp) . 

- '"'/. 

lo-3 ~ 
___ "':."_._ .. 

\ 10-...Jt 
\max 

10-jt A max ;\max 
10- .)t 

f'.max 

-- -[CH=CH] - r · (2 ) 

-
272 18 282 36 296 52 j20 .52 .,.e 4 .. c; 

~ .. e- [ C:H=CH J6- Ee (b) 328 25 340 46 J60 69 375 50 

·- [c··::e-- J . . (c) , .e - ! : Li 5- t..G 302 - 312 - 330 - 3L:.3 -
Pe;:1taene f:eom 

C'~ Jlf-7 cicutol a, 302 315 J30 I 
I 

( inf.) I 
' 

( a ) In hexane (l~loc. cit . (b) In chloroform (idem ibid. ) 

(c) A9pro~imately calculate~ by intcrpolatio~. 

(d) In alcoholic solution used for scmi-hydro~eno.tion . 

The behaviour of' cicutol on partial hycl:i."'o .~cnation 

sucgested tha t the chl"omopho:ee contained trro ace·i;ylenj_c 

a.nd thi•ee ethylenic links in conjugation, oL1ce 1"'ecluctioi.1 

of the acet;rle11ic links to ethylenic in such a syste~.l '.!ould 

;ield a conjucated pentaene. The possibility th&t the 

original unsaturation was not conjugated, but ·chat the double 

bonds moved into conjugation dui'ing hydrogenation is a 

Pemote one in vievv of the extremely mild r:atu:i."'e of tl1e 

catalyst. The intense ultra-violet absorption shawl" b~r 

cicutol is in itself evidence of conjugation in the orisinal 

molecule . 
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The Structure of the Chromophore . 

A chromophol'e having two acetylenic and three 

ethylenic links in conjugation may have any one of a numbe:r."' 

of sti'uctures. Two main structural types may :Je defi11ed ; 

one i n which the tvro acetylenic bonds occur as a diacetylenic 

~roup having either a terminal or a central posi tion in the 

chain, i . e . 

R- CH=CH- CH=CH-CH=CH- C=G- C=G- R' 

:rt- CH=CH-c=c -c~-si:=CH-CE:::CH-R 1 

and the other i n which the t·.:o acetyleni c groups are not 

adjacent and occupy various positions i n the chain, i . e . 

R- CH=CH-G=C-CH=CH-C=C-CH=CH- R1 

R-CH=CH-CH=CH-c=c::-cn=CH-c;;c-R 1 

R-S=G-CH=CH-CH=CH-C~-CH=CH-R 

The synthe tic approach was favoured i n attem:yting 

t o decide the nature of the chromophore , and in view of the 

occurrence of t he band indicative of a diacetylene syst em 

at 2128 cm~1 in the i nfra-red spectrum9 it see~ed likely 

that one of the structures in the firs t group woul t oe the 

most reasonable to select . A structur·e in ·;rhich the 

diacetylene system occupied a ter•minal position in t~e 

chromophore was chosen after consideration of the ultra-

viol et S!_')ectrum i n the l i ght of measurements . .tade on 

analor;ous compounds by Heil bron , Jones anc1 t l1ei r 

collaborators ( 5, 6, 7). These authors compar~d the 

spectra of polyene-ynes of the t ypes R- (CH=CH Jn-G=G-tl and 

R- [CH=CH ] - c=c::- [cH=CH ] - R ;vi t h tho se of Dolyenes having the 11 - 11 .1; 

same number of unsaturated c entres . 

Theil" results showed that the acet:,rl e11ic Group 

causes a diminution in intensity and a shift torvard.s 
I 

shorter wave l engths of' the main aosoi'p tio11 lJand; the 

reduction in intensity being greater when the acetylenic 
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link is centrally disposed than v~1en it is termi nal in the 

chromophore. Since the effect of a diacetylene system 

appeared to be similar ( 8 ), the high intensity long '.7ave 

length absorption exhibited by cicutol was takeJ to indicate 

a terminal disposi tion of the acetyl enic groups. 

The Synthetic ~pproach Towards the Structure of the 

Chromophore . 

On the basis of the foregoing evidence it seemed 

likely that the chromophore of cicutol was of a ti•i ene-d.iy-l'le 

nature Yti th the diyne group in a terminal position. 

Accor dingly, attempts were made to synthesise such a system 

for comparison of its ultra- violet aE d infra-Ped a!)sorp tion 

spectra ~ith those of the naturally occurring cicutol. 

The methods chosen were suggested by the 'Jorlc of Johlman ( 3) 

and of Jones and his co- workers (cf. 9, lOs 11). 

Three general procedures wer e available: 

A. Reaction of a trienal iiith the Grignard 

derivative of propargyl alcohol, :follor~ed by conver s ion of 

the resulting mono-acetylenic compound to a diacetylene 

R- ( CH::CH) j - CEO + 

R-( Cri~~rt) j-GHC1-C=G-CH2Cl 
!-: a::-;:1 2 1 CH-· 

2 ~ R- ( CH::CH) 
3

- c:C- C::C - H 

R 1 CHO L 1 situ 

"-' • Oxidative coupliDg of t r1o sui taoly su~Jsti tuted 

mono-acetylenic units. 

R-(CH::CH) ,. -C=cH 
:J 

+ H-C=G-R 1 

CuC12 , l'fH40H,02 
R-:(CH::CH) 3- c=c-c=c-R 1 

as one of three yroducts . 
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c. Reaction of a trienal rfi th the Grignard derivative 

of a diacetylene followed by anionotropic rearrangement of 

the :product. 

R-CH2-( CH=C~-1) 3 -CHO + : .. ~:t• -fvlg-C:::C-C=;:C-R' 

~ R-CH2-( CH=CH) 3-CHOH-C~-C=G-R I 

~ R-CHOH-( CH=CH) 3-c=c-c=c-R' 

In an attempt to synthesise the chromophore b~r 

method A, the di-Grignard complex of proparcyl alcohol '.7a3 

reacted with octatrienal to yield the required diol, i.e. 

CH3-( Cn=CH) 3 -CHO + Br- I.::g-C=G-8H
2
-0-Lg-Br 

~ CH
3
-( CH=CH) 

3
-SHOH-C=c-CH2-0H 

hendeca-5:7:9-triene-2-yne-1:4-diol 

Conversion of this compound to a diacetylenc 

proved impossible owing to decomposition during attempted 

replacement of the alcoholic groups with halogen. 

In the attempted synthesis of the chromophore 

by oxidative coupling ( hethod B) difficulty vias experienced 

in preparing a suitable trieneyne as starting. }?roduct. 

The Reformatsky reaction bet~een sorbaldehyde and propargyl 

bromide furnished nona-2: 4-diene-8-yn-6-ol, ·but it :pi'ovocl. 

impossible to dehydrat e this to the cori'esponding trie~1e:~l1e 

in satisfactory yield with any of the usual reagents. 

CE3-CH=C H-CH=CH-CEO + Br-CH2-c~-H 
Zn CH

3 
-CH=CH -CH::::CH -CHOH -CII2 -C =c-H 

nona-2: 1+-di e1.1e- 8- ;x:n-6- ol 

An a t tempt to achi eve oxidative couplinc 1Jet·:ree~! 

the known corrrgounds I and II (7, 12) had to be abandoned 

ov1ing to the authors departure from Cambridge. The 

tri ene~ (I) is pi'epared by anionotropic rearrangement of' 

the reaction product between octatrienal and sodium acetylide~ 

and dehydration is <lot involved. 
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CH3 -CHOH-CH=CH-CH=CH-CH=CH-C~-H ( I ) 

+ H-C~- (CH2 ) 3 -cH3 (II) 

CH3-CHOH- (CH=CH ) 3-c~c -c;c-(cH2 ) 3 -cH) 
The t h ird general s yntheti c me t hod ( C) h as 

subsequent ly !)een s hor:~1 sui tal)lG for the :p:i."epar a. t i on of 

t riene- diyne systems . 

Othe r Inv estigations. 

Several min or i nve stigat ion s of c i cutol ar c 

report ed i n t he Experiment a l Section (Cha pter 7) whe re 

mention i s also made of a numb e r of othe r compounds isola t ed 

from the hydrogenati on products of crude c .Lcutol concentra t C; s . 
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CHAPTER 5. 

FURTHER CHELICAL I~VESTIGATIOl'! OW 

CICUTOL Ai,:D CICUTOXIN. 

Further work was carried out !Jy Drs L~rthgoe and 

Trippett on the structures of cicutol and cicutoxin suJsequent 

t o the author' s departul"e from Cambridge. As a result of 

this cicutol was proved to have the gener_al formula }.Jroposed, 

and was characteri sed as all-trans hep t adeca- 8 : 10: 12-

triene-4:6-diyne-1-ol. 

cH3 -cH2 - cH 2 -cn 2 - CH=8H - CH::C r-1 - CH=CH - c ~-c -;c - cH
2 
-c~2 - cn

2
oH 

c icutol 

Cicutoxin was also isolated i n a pure co :1di tion fl"'Ol:·, the 

cr·ude extract (Chapter 3) and. ·i.ras shoYvr1 to be 14- hydroxy 

cicut ol. 

Proof of the Structure ·of Cicutol. 

(1) The triene-diyne na ture of the ch romophore was 

proved 1Jy its s ynthesis using method C (Chapter 4). 

Thus 9 penta- 2: 4 - diyn-1-ol obtained 'by i n ter•action of 

formaldehyde and monosodio- diacetylene ( .B ohlman (1)) was 

conve rted .into its dimaGnesium bromide derivative and 

condensed \7i th octa trienal to Give a c rude di ol Vfh ich, i7h en 

shake n in ether with dilute acid, rearransed t o cive 

crystalline tride ca-6: 8 : 10- tl"i e n e - 2 : l..j.- di yne- 1: 1 2- di ol. 

This compound exhil)ited infra-red and ultl"a- violet 

absorption almo s t identical wi th that of c ic~tol , · thus 

conf irming that t he same chx•omophope ·: 'ns 1::1.,ese ·.-1t ia ;ot ~'1 . 

!3 r -r-:g-C•- G:·i2-( -~ d'J) 2-::g-~.:, r + ·OHC- ( CH=CI-I) 3- :i_e 

--+ HO- CH2-( c=c) 2- CH( OH) - ( CH=CH) j - : .. e 

---+ HO- CH2-( c=c) 2- ( CH:::CH) 3-CH(: ~e ) -OH 

trideca-6: 8: 10-triene-2 :4-d~ne~l : l2-diol 
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( 2) The position o~ the chromophore \ms esta~l{shed 

"by pex·manganate oxidation o f' cicutol wh ich yielded 

n- v aleric and succinic a cids, thus fixing the uns a turat ion 

bet ween c 4 and cl3 inclusive . 

( j ) A cr~rstalline a cetate of cicutol 'Nas pr0parcd a:1d 

anal y s ed. 

The Structure of Cicutoxin. 

( 1) The more stron~;1y adsorbed 1)and fo und on 

chroQatoeraphy of thu crude e t hereal extract of C. virosa 

( C ~1apter 3) , r,ras, after much diffi c ulty, o·o t a ined crystal line. 

The product uas cicutoxin ( c
17

H22o2 of m. p . 5~-0 and 

[a]D -14 .5 in EtOH) . 

(2) Hydrogenati oh o~ cicutoxin gav e hept&ducan- 1 : 14 - dio1 

chai•acterised t:J;>r Schmidt degradation of i t s oxidation 

product, 13- ketohexadecane- 1-carbo:::ylic acid. 

( 3) J oth cicutol and cicutoxin showed a lmost identical 

ultra- violet and infx•a - red a'bsoPption Lldica t h:g that the 

same chromophore was pr esei.1t in each. Thus cj_cutoxin 

. appear ed to lJe lL~-hydroxy cicuto1 . 

( L~) Hydrogenation o:.= cicutoxin over l arge ai.Jounts of 

platinum L" acetic acid co ;-1tai 1in6 a trace of h:rclrochlol'iC 

aci<..l., caused h--6.ror-e···l0lysi s o:f the C 
4 

hvdroxv g:eoup a3 ·.7ell 
c. ...J - 1 I u u 

as saturation of t.~1e r.wlccule; the product bei:1g 

he:ptadecan- 1-ol. H:-dro0enolysis of the OH group at Cll.;. 

makes it pl"'obable that this c roup was acljacent to the 

· chromophore ':'hich Would thus extend f rom C4 to c 13 il"lClUSi Ve 

as i n c i cutol. 

( 5) The maleic anhydride adduct of cicutoxin dime t hyl-

ether _exhibit ed t ile ultra- vi ole. t a~Jsor:ptio :1 of a conjuc;atecl 

ene- di ync system, thu s pi•ovL:g that t ile ci.1l."'omopho::ee 

contained a conjugated dieno S ~{stem situated ia a terr:1i nal 

position. 
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Cicutol and cicutoxin have the sai7lG unsaturation 

extending bet ween c4 and cl3 inclusive , but since the 

chromophor e is unsymmetrical , t ·1o orientations ~rc possible; 

one wi th the diacctylene system near est the 1 - 0H grouTh a~d 

the other in rrhich the chromophorG is r eversed an<l the 

diacetylene system is ue&r the opposite end of t.1e chain. 

The orientation of the chromophoru i n cicutoxi n 

was detcPtni ::1ed lJy oxida ti or: of the maleic anhydride o.dduct 

o~ i ts di~~thylether . 

c i cutoxin (a) and (b) ~1ould give different malei c anhydi•ido 

adducts, e . fi . 

(a) 

Permanganate oxidat ion of the aclc1uct 1.7it:·.i. 

structure (a) uight 0e ex~ected to yield ~-metho.:~;:/ :1- mtYL"ic 

acid as the monobasic ) l"o<luct , uhereas the adduct ·.:i th 

structure (n) would be expected to yield a.- r11ethoxy n-Yaleric 

acid. In e.ctual fac t t-uethoxy n-lmtyric nciG. 'd<:,S isolate-d 

and charactcri sed as its :pii_JOl ... azine salt, thus d6i.lOl1StratL1G 

tha t cicutoxin ha~ structure ( a ) . 

orientation of tl.10 chl"omophor>c in cicutoxin is t:w smae as 

ia cicutol, although the same fol"ti1al proof' ·.1as not tmclel"'ta~:cn 

for the latter compound. 
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The result 3 of the invcst igatio~ of cicutol and 

cicutoxin have been presented in the for;·,: of a pu0lication 

oy Anet, Lythgoe 9 Silk and Trippett (2) . 
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Cif..APTER 6. 

C ICUTOL Arm C ICUTOXII~ . 

The compounds isola t ed from Ci cut a Vii'osa ~Jelong 

to a new and unusual, though rapidly gro·:ring class of 

naturally occurring polyene-~n~s . It is the r efore of 

interest to make som0 ·br•i ef mention of other recent ly 

discovered members of the group . 

Concurrently with the i nvestiGati on of C. v irosa 

at Cambridge , r esearch vras undertaken on a plant of siElila r 

toxicity known as Oenanthe crocata (1). P.ron this p l ant tho 

toxic principle o-.;nanthotoxin·9 and t v1 o other i."elated compounG.s 

oe nanthe tol and oenanthetone , Her e i s olatod and charac tci'i sed. 

Oenant hotoxin '.vas sho'.v-:_ to 0c isomeric vYi t h cicu toxL; and 

was assigned tho structure, 

CH3-cH2-CH2-CHOB-CH2-cH2-C:::l:=C:r-c:==CH-C:C-C~-CH::::C!i-CH20H 

oonanthotoxin 

b e 14-deox:;roenanthotoxi11, whi l e oenanthetone ·:.ras s L.o,;m to 

ne the 14- k e tone from 1-d.eoxyoenantbotoxin. 

Cicuto::i ·.: and oennnthotoxi :~: d. i ffoJ.." onl ;:,r L-. tho 

nature of the c hromophore , and the sm:1e l ... c l a ti oi.:.shi:;} is· 

shoYvn bet·.7eon cicutol and oena-..1thc tol. IL the compounds 

fl"om C. virosa the Q.i acetyleni c ,:rou};J is t e i•minal i ··1 tho 

chromophore , nhilo i il those fr•om o. _crocat a it is si tuated 

between ethylenic g r oups . Tho tr:o groups of comp ounds 

exhibi t different ul ti'a - violGt a~Jsorptio:1 , out s~1ow si .~:ilar 

peaks in the infra- r ed . Ti1e natui.'e of t lle chi'omophore L1 

oenanthotoxi i.1 ~vas :>r oveC. ~:r s:ynthesis of the s~·stcm (1 ) , 

Hhil6 its posit i on and orientati on ·, repc d.ct..:.l·ni ncd ~. s .1.'or 

cicutoxin (Chapt er 5) . 
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An iDteresting feature I'egardL1g the chemistry 

of these compounds is the lack of toxicity of the monols when 

compared v.ri th the violently toxic natu:L•e of the correspo11dii1g 

dials. I·oreover, the n-heptadecane skeleto:l possessed ~JY 

the compounds from :; oth C. vii'osa a;.1d 0. croca ta is ver~-

seldom e~countered in natural products. 

N.A. SBrensen and his collaborators i~ 7 orway h&ve 

esta!Jlis hed the \Vide occur:cence of polyeDe- y:.1es L : p lants 

of the Composi tae f amily, but while the isolation of such 

compounds fl"Oin n atm" a l s ources is indeed remark able 9 t heir 

cher.1istry does not ·Harrant particul a r discussio n . 

have bee n synthesi s ed oy standard acetylenic syutheses 

involving oxidative couplinc; , a~1d the i r' spectra exhil:Ji t no 

unusual features. 

The compound cis-lachnophyllum ester (I) has been 

obtained from t he essential oil of Lachnophyllum vossypi nu~ 

B.je (2, 3), vhile ai.:: isomeric comp ound cis-dihydi'omatrical'ia 

ester (II) ·rvas isolated f rom i.: a tricaria i;:lOdoPa L . (L:.) al1d 

charactel"'i sed :9r imarily b y the similal"i ty oi.' it 'J ultra-violet 

a1osorption to that of cis-lac~nophyllum ester (I). 

The cis-c i s a11d cis-ti'ans f or> ms o~L' the corl"esponding 

matricaria ester (III) have b e en obtai ned from ~atricaria 

inodora L. (4 5 5, C, 7), and the closel y related 

d.ehydromatric aria este:L" of pro~;able structure (IV) ha s ':Jeen 

fouDd as a const i t uent of ~rt~mesi a _ _y_\).l p.;aris L. ( :---, 5 9). 

CH3-cE2-CH2-c~-C2J -CH=CH-C02CHJ 

ci ?-lachnophY-~~~~pter 

CH3-CH::::GH-C~-C~-CH2-CH2-co2cH3 
ci s-· di h_y_q_r orf!__a tri_cB:_~)_a est e r 

CH
3

-CH=CH- C:::C--C=c: - CH=CE-C0 2CH3 
matri c a r ia es t er 

CH-, -CH=CH - C ;c -C ~ -·C ~ - C02CE -· 
) J 

dehyfu•omatri caria ester 

( II ) 

( :;,:~:r ) 

( IV ) 
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In the course of their studies on the matricarias , 

St5rensen and S tavhol t ( 10) isolated n remarkal)le compound 

from Eatricaria inodora L. which, althou3h not a polyene- yne, 

is worthy of mention for its unusual natm~e. The COffiyOtDd 

was named composi t-cumulcne- I and ascribed the str1..1.cture , 

c omposi t-cur~mlene-I 

The cumulene structure was identified by the fact that its 

ul tPa-viol et al)sorption corresponded o;,ri th that of tetraphenyl 

butatriene synthesised by Kuhn et al. (llp 12) . 

tetraphenyl ~:mtatriene 

The unstable a~1ti b iotic mycomycin :!.sola ted l)y 

Celmer and Solomons (13) from the elaboration products of 

Norcardi a acidophilus, is Vifi thout doubt the most remarkable 

of the polyene- ynes so far characterised. This compound 

incorporates every kno'.'ll1 type of carbon-carbon unsaturatioi.1 

having the diyne- allene-diene s\ructlli~e, 

H - C =c -C =c -CH=C =CH - CH=CH -CH=CH - CE 
2 

- CO 
2

H 

mycomycin 

Treatment of mycor.1ycin ·with normal aqueous 

potassium hydroxide a t 27° causes its rearrangeme;.1t to 

isomycomycin wi t h the triyne-di ene structure , 

In mycomycin t he van't Hoff predicti on of the 

resol vabi li ty of asyrnmeti•ic alleiles is exei,:pli:fi ed. foP ti;.e 

firs t tike "by a natural pi:'ouuct . The opti cal activity 

disappears when the allene functiol1 is destroye d eithe r IJ:·-

complete hydrogenatim: to r.t.-tl~idecanoic acid ol"' ·o ~r al~:ali:i.1e 

rearrangement to isomycomycin. 

The infra-red spectrul!l of mycomycin exhi"bi ts -oands 

at 3180s 2200s 1930 and 1730 cra:-1 attri-buted to =:t.J - H, 
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disubsti tuted -c;c-, CH=C=CH-, and unconjugated -co2E 

functions respectively. A terminal acetylenic group is 

indicated 1Jy reaction with acetylenic hydrogen reagents such 

as alcoholic s~lver nitrate. 

The ultra-violet absorption specti·um of myco1:1ycL~ 

is of i nterest i n that it shows only three maxi ma corres-

ponding to t h ose of a conjugated triene system. The 

spectrum is quite unlike that of cicutoxin vrhich s h o':rs 

evidence of complex conjugation , ~mt i s explica1Jle ·.1hen 

account is tak en of the existence of an allene group i ~ the 

molecule. S i nee the dou"ble ·oonds of the allcne group are at 

right angle~no conjugation is possible throughout the 

unsaturation as a 1-1hol e, a nd i t is thus appm-•ent that t·.:o 

discreet non-interacting chromophores are present . 

enediyne and the triene systems would show the ultra- violc;t 

absorption of a conjugated triene. 

The nature of the chromophore in isomycor.tyci n was 

established by the corresponde~ce of its ultra-violet 

absorption with that of known diene-tr i yne syste;.ns ( 8, 1!..~) . 

The infra-red spectrum of i somycomy c in ex hi !Ji t ed lJands at 

2200 and 1730 ma:-1 attri·buted to di su!Jsti tuted -c;:c- and 

and unconjugated -co2H respectively, while monosu~)sti tuted 

acetyl enic and all enic !Ja:1ds Wei.."'e a0sent . The a:1se:r1ce ol~ 

:C-H function was indicated by its failur•e to r eact i'Ji t:1 

alcoholic silver nitra t e . 

Compounds which have a sta~'Jili ty a11d ul ti•a-vi olet 

absorption similar to S8rensen ' s matricaria esters have 

been isola ted from t he cul tm."'e liquids of v arious species of 

E_asidiomycetes ( 15), and among other types, ene- diy:1e and 

ene- triy.·1e chromophoi·es appe nr to be p:c-esent i~1 these 

compounds. 

The her"b Qer1t aurea cyanuL"I:!.· has 'Jeen shoYr:.-1 to 

contain a t least two polyei.1e-y~1es \lith ul tr•a- violet 
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absorp ti on r elated to that of a syntheti c ene- tr•iyne- ene 

system (16). Two polyene- ;y11es have recently been isolated 

from natural seed fa t s; the compound eryt hrogenic ( isa~ic) 

acid (17, 18) from the seed oil of On~ueka Gore Engl e r has 

'been shoVTl1 to have structure A recentl y c onfir med b y 

synthesis (19), while a relate d acid~ xymenyni c, from the 

seeds of t m"ee species of Ximeni a genus, has ·;)een sho'.7n to 

have s tructure B ( 20) . 

CH2:::CH-( CH2) 4 -c=c- c:c-( CH2) 7- COOH 

erythrogenic acid 

CH3 - (cH2) 5- CH=CH-C=G- (CH2) 7- cooH 

Xymenynic acid 

(A) 

The c l ass of natural ly occurri ng polyene-J~es is 

t hus a small though g r owing one , and the discovery of new 

mem'bers 'Nill be a·;vai ted Yfi th i nterest . The unusual nature 

of the chrom.ophol"es in those compounds natural ly pr•ompts 

enquiry into· the r.1echanism of their ~Jiogenesis, !Jut as y(. t 1.10 

t heories have been advanced oi:l thi s scor e . 
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CHAPTER 7. 

EXPERILE£\TAL WORK Or:f CICUTA VIROSA. 

The experimental \tork on Cicu ta virosa '.7as carried 

out at the University of Cam-or idge with plant ma t erial 

co l lected in East Angl ia during Febr uary. All operations 

ui t h t he plant ext racts and unsaturated compounds werv 

conducted in diffused light under oxygen- free ni tr•ogen. 

l!iat ePi als \Vere stored under nitrogen at 0°C. when not 

required for inunediatc use . Evaporati ons vere carried out 

at temperatures not great0r than 36°, and under reduced 

pressure \rhere necessary. Solvents ~ere carefully 

purified before use . 

(1) Ether Extraction of the Plant ~aterial . 

Fresh rhizomes of Cicuta v i rosa ( 17 kg.) · ··rere 

-~-,ashed free of mud and minced r,ri thout dryi n.:; . Portions 

(6 kg . ) were extracted i n a lar3e Soxhlet ap~aratus with 

ether (8 1. ) for 16 hours. After separat ion fran an 

aqueous layer and. a considerable anount of greenish sli1.10, · 

the combined ethereal ..:;xtPacts rrei .. e cU"'ied ovc.r anhydrous 

sodilli~ sulphate and eva~orated. A bro·,:n pungent smelling 
• 

oil ( 120 g. ) was o·btained by this pr>ocess . 

( 2) Ultra-violet Examinatioi.1 of the C:eude Ethereal 

Extract of C . virosa. 

Ultra- violet examination of the Cl"ude etilePeal 

extract in a Beckmann I.'iodel D. U. quartz spectrophotoneter 

showed the presence of na te:.,l"'ial ·:Ji th the follo~."ii n:::; a~) sor::_Jtio~1 

1-' 
maxima and mL1ima (E ;."J valu es ii.1 parenthesis) . 

lc~.1 . 

i.:axima 335 mp. ( 72) ' 315 mp ( 82) ~ 252 mp ( 29 ) ? 2'j7 mp. ( 2!.;.) . 

l' =inima 327 111}1 ( 65) 9 262 mu 
I ( 13) ' 246 m;u ( 17) . 

The l i ght aosox•bi ng material '.!as SOU(?;ht usi;_1g 

chromatographic methods . 
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( 3) Chromatography of the Crude Ethepeal Extract of C, virosa, 

In a number of early attempts to obtain pure 

compounds from C. vir•osa, the cx'ude ethereal extract was 

chromatographed on columns of aluminium oxide and the 

eluates examined spectrographical ly. ConcentPates rich in 

light absoPbing material were obtained, but these were oily 

syrups which fail ed to crystallise. The method of 

fluorescence-quenching chromatography (l) was eventually 

found to yield i)etter defined chr·omatographic fr acti ons fl"•or.: 

which pure compounds could b e obtained. 

as follows : -

The procedure ~as 

A portion of the crude ethereal extract (15 g . ) 

was absorbed from benzene solution (50 ml.) onto a column 

( 6 x 22 em, ) packed with Brockmann Grade II moi'in-alumina 

(6oo g.) prepared according to Brockmann and Volpers (1) 

and standardised according to 3 rockmann and Schodder (2). 

-The chromatogram was developed with methanol-benzene (1 : 100) 

and when ca. 2.5 1. of eluate had been collected, 

examination under ultra-violet light (ca. A 360 ~~) revealed 

three dark zones. The top one was stationary close to the 

top of the column, the central moved slortly and the lowest 

( 10 em, fr'om the -bottom) moved rapidly. The filtrate (1 1 .) 

corresponding to the lowest nand was collected separately 

and evapoi•ated yielding a -b rown oil ( P- raction I, 5 . 0 r; . ) 

•7hich partly solidified at room temperc.tu:i."e. Aftei' a 

further 500 c. c. of eluat e had ·been collected, the next 

dark band began to emer ge . The filtrate (2. 5 1 . ) 

corresponding to the second band was also collected 

separately and evaporated yielding a brown Gur.l (Praction II, 

2. 5_g.). The third dark band adsorbed near t he top of the 

column, was eluted w~th absolute methanol. Evaporation of 

the methanol yielded a dark and dirt;y gum without the 

detailed light absorption of the other two zones . This 
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gum was discarded as being in all probability a pol~nerisati on 

product of the mat erials present in Fractions I and II. 

Fraction I was adsorbed from benzene (50 ml.) onto 

a column (2.9 x 32 em.) packed vath morin-almnina (200 g . 

Brockmann Grade II)~ and the chromatogram was developed wi t h 

methanol benzene (1:100). In ultra-viqlet light a single 

dark z one was observed~ but in visible light this zone 

appeared to consist of leading and trailing edges as narrow 

brown bands enclosing a colourless portion. The eluate 

corresponding to the colourless zone was collected 

separately and evaporated yielding a pale yellow oil ( 3 . l+ g. ) 

whi ch solidified completely at room t emperature. 

*cryst allisation from benzene- petrol ether 

(40 - 60°) gave crude material (2.5 g.) of m. p . 53 - 57°. 

Repeated recrystallisation from benzene-petrol ether, and 

from carbon t etrachloride-petrol ether gave cic~tol as 

l arge , almost colourless, plates of m. p . 66° and [a. ~ ~5 0° 

(c. 1.5 in EtOH) . 

Fraction II was adsorbed from benzene (50 ul.) on­

to a column (2 . 5 x 20 em.) packed vtith morin- alumina (100 g . 

Brockmann Grade II), and the chromatogram developed vd th 

methanol-benzene (1:100) . Ultra- violet light revealed a 

single broad dark zone, the l eading edge of which a:!_Jpeared 

in visible light as a naProw · bl"•orm band. The filti."'ate 

corresponding to the l a tter uas discarded, and that 

cor r esponding to the rest o:C the zone collected separately 

(ca. 2.5 1 .) and evaporated. The yelJ •W gur.1 ( l. 5 g. ) so 

obtained appeared to be spectroscopically 70% pure but failed 

to crystallise ( see Section 10) . 

( ~ote: This gum was , with great di f ficult y , 

subseq_uently i nduced to crystallise by Drs L;;rthgoe aDd 

* Recrystallisation of the crude cicutol was carried out by 

Dr. B. Lythgoe (now Professor at Leeds University) . 
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Trippett ( 3 ) . It was shown to contain cicutoxin, the 

poisonous principle of C. v i rosa ( m. p . 54°, f o.] ~5 -14. 5° 

(c . 1.7 in EtOH)). (Found: C, 78 . 8; H, 8 .7. 

requires C~ 79.1 ; H, 8 . 6%) . Light absorption in EtOH: 

max. at 242, 252, 318.5, 335 mp: inf lections at 287 and 

303 ID]l; l0-3t. 13, 22, 63.5, 65~ (17), (38 . 5). The infra-red 

spectrum showed, inter al., bands at 3226 (strong) , 2212 ( Yv'eak) , 

2128 (very weak) , 1634 (weak), 1603 (medium) and 996 cm~1 

( vex•y strong) • ) 

(4) Isolation of a Further Quantity of Cicutol from the 

Plant Residue after Ether Extraction. 

In trial experi ments it was shovm that the pl ant 

residue after e ther extraction still contained a considerable 

amount of the light absorbing compounds which were required. 

The ether extracted material (6 kg. ~atches) was accordin~ly 

re- extracted with absolute metha~ol ( 8 1 . ) until a colourless 

extract uas obtained. The combi ned ( novv' aqueous) mcthanolic 

extracts deposited a dark br·o·.:n oil and a light ~)ro•;m 

amorphous precipitate on standiag. Filtration of the 

extracts through Hyflo Super Gel, caused r~tention of the 

dark oi l and the i)rccipi tate, yielding a filtrate v:hich ·..-;ras 

discarded after being shown spectroscopically to contain a 

negligible amount of the light a·Dsor -oing matex•ial. Elution 

of the Hyflo Super Gel wit h ether, follo-vved by evaporation 

of the solv ent, yielded a dark greenis i1 brovta oil ( 210 c . ) 

rich in light absorbing material. 

For chromatography, a portion (4 ~. ) of' the 

methanolic extract was repeatedly vacuum dried oy azeotropi c 

distillati on ~ith benzene to remove traces of methanol, and 

then adsorbed fror.1 ·benze11e ( 20 ml.) onto a column 

( 2. 9 x 37 em.) packed with morin- alumina ( 280 g . :Bx·ockrnann 

Grade II) . Deve lopme11t of the chromatogram ·:: i th !)8"i1Zene 

(300 ml. ) caused the elution of a narro'.7 yellow "band. of 
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materi al which was not investigated furt her. Continued 

development wi t h methanol-~enzene ( 1 : 100) caused a yel low 

oand wi th a nar row green leading edge to move do1.m fPom the 

top of the col umn. This band appeared as a sins le dark 

zone under ultra- violet lieht, and was eluted aftur the 

passage of 650 ml. sol vent through the column. 'rhe eluate 

corresponding to the narrow green leading edge was discard8d. 

Evaporat ion of the main bulk of eluate correspondin8 t o the 

yellow oand yielded crude c icutol (940 mg.) ~hich 

crystal lised partially at 0°. 

Continued development with methanol- benzene 

(1. 5: 100) resulted in the elution of a second greeni sh yellow 

light absorbing band, as observed during the chromatocrap hy 

of the pl ant ethereal extract (Section 3) . This band did not 

cr ystallise and was reserved for further investigati on. 

A green band remained fi:i."mly adsorbed at the top 

of the column aft er elut i on of the light absoroing "bands . 

This was not investigated fm~ther . 

( 5) Analysis of Pure Cicutol (m.p. 66°) 

(a) Carbon and hydrogen anal ysis sho\·,red the empirical 

(Found: C, BL~. 4; E, 9 .5%. 

c17H22o requires C, 84. 3; H, 9 . ~fo) . 

(b) Hydrogenation of cicutol over palladium-charcoal 

catalyst caused the a1Jsorption of 7 . 2 mols hydrogen. 

Cicutol ( 5 . 364 mg . ) in abs . EtOH ( 12. 5 ml.) tooli: up 

3 . 84 c . c . H2 in 36 minutes F't 21° and 762 mm. pX'essure.) 

(c) Ul tl"~-violet light absorption of ci cutol in 

alcohol (Figure I , Chapter 3). 

)\ max 242, 252, 287 (inf .) , . ]02 (il!f . ), .)18 . 5, Jj5 mF 

l0- 3 t. 1L: .• l, 20. 8, (17. 5) , ( )5 . 6), 6o .• 6, 61. 2 :;.~c:: sycctively. 
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(d) The infra-red .absorption spectrum of cicutol was 

determined on a Perkin-Elmer double-beam infra-red 

spectrophotometer and showed, inter al., bands at 

3333 (strong), 2212 (medium), 2128 (weak), 1634 (weak), 

1603 (medium) and 996 cm71 (very strong). 

(6) The Hydrogenation Product of Cicutol. 

The hydrogenation product of cicutol was first 

isolated by saturation of the crude cystalline material 

obtained on chromatography of the plant ethereal extract, 

followed by chromatography of the products on a column of 

alumina. 

(a) Thus, crude cicutol (loo· mg.) was completely 

hydrogenated over palladium-barium sulphate catalyst (2.5%). 

The products were dissolved in petrol ether ( 20 ml., 40- 60°) 

and adsorbed onto a column (0.8 x 12.5 em.) packed with neutrel 

alumina (Brockmann Grade III). Development of the 

chromatogram with petrol ether (50 ml.) followed by benzene 

(50 ml.) caused the elution of a small quantity (5 mg.) of 

an oil. Continued development with chloroform-benzene 

(10:90, 100 ml.) yielded white crystals (57 mg.) which, 

after three recrys~allisations f rom petrol ether (40- 60°) , 

yielded heptadecan-1-ol (35 mg. plates), m.p. 54.5- 55.0°. 

(Found: C, 79.6; H, 14.2%. c17H34o requires C, 79 . 6; 

H, 14.1%). 

A fur t her quantity of white crystals (22 mg.) 

was obtained by development of the chromatogram with 

methanol-benzene (1:100), while subsequent development with 

absolute methanol yi elded an oil ( 5 mg.). The recovery 

of hydrogenation products was 90% . 

The same heptadecan-1-ol as obtained on 

hydrogenation of the crude cicutol, was obtained by 

hydrogenation of the pure compound (m.p. 66°) . 
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( b) Oxidation of heptadecan-1-ol. 

The cicutol hydrogenat io~ product was characterised 

by i ts oxi dation to heptadecan-1-oi c acid. Thus, 

heptadecan-1-ol (41 . 0 mg., m. p. 54. 5 - 55 . 0°) was dissolved 

in A. R. acetone (20 ml . ) . A soluti on (3 ml.) of chromic 

aci d (chromi c oxi de ( 3 . 5 g . ): cone . sulphuPic acid ( 28 ml.): 

water ( 210 ml. )) VIas added with Vi Gorous shakinr; over a 

peri od of 5 minutes . After standing 6 hours, thc solution 

was diluted with water ( 60 ml.) and extracted rri th ether. 

The e t her extracts ,:rerc washed Yli th aqueous potassium 

hydroxide solution ( 5;~) to remove the acid product, \"!hi ch · ras 

recovered in the usual manner. Three rccrystallis ations of 

t he product from petrol e t her ( 40 - 60°) furnished 

heptadecan- 1- oic acid ( 10 . 4 mg .), m. p. 60 . 5 - 61° . 

(Found: C, 75 . 4; H, 12. 55% . c17H34o2 requires C, 75.5; 

H$ 12 . 597~) . 

( 7) *Fart ial Hydrogenation of Cicutol over Lindlai'' s 

Catalyst . 

Cicutol (16 . 5 mg. , m. p. 66°) in absolute ethanol 

(5 ml. ) was shaken over Lindl ar ' s catalyst (ca. 3 mg . ) in the 

mi cro- hydrogenation apparatus . The hydrogenation was 

stopped after the absorption of 2. 2 mols hydrogen , and the 

product examined spectroscopically (Figure 3, Chapter 4) . 

An attempt to isolate t he product of paPtial hydrot:;enation 

failed owing to polymel"isation. Light absorption of the 

partial hydrogena tion product:-

!laxima 302 ( i nf . ) , 315 ' 330 , 3l~-7 mu. 
7 

10- _) t. ( 26.5) , 46 . 2f 62.6 , 55.3 . 

llinima 255 , 322 ~ 339 . 

10-3t. 3 . 31 , 37 . 8 , .:J3 . 05 . 

* Experir1!ent carried out together \7i th Dl"'. i .> . L~.rthcoe anc1 

Dr. E.F . L. J. Anet . 
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(8) Derivatives of Cicutol. 

Owing to the instability of cicutol und0r any out 

the mildest conditions, deriva t i ves proved extrenely 

difficult to pr~parc. A crude p- nitrobenzoate (m. p. bl -

83°) was obtained, and also a crude acet ate which pol~werise& 

on attempted recr ystallisation. 

(a) Cicutol p- nitrobenzoate . 

Crucie cicutol (60 mg . ) was dissolved in a:.1hydrous 

pyridine ( 3 ml. ) and p- ni trobE:nzoyl chl oride ( 140 mg. , 
\ 

The solution was stoppered under ni trogc11 

for two days , after which water (1 ml . ) was added and the 

solution left for a further day. The whole \las then tslce ~1 

up in ether and washed with potassium bicarbonate, and t hen 

v"li th water. Evaporation of the ether and removal of the 

rema1ning pyridine under vacuum cave the crude p-nitrol)cnzoa~c 

( 92 mg. , par tly solid) . / 

The crude p-nitrobenzoatc uas purified 

chr•omatographically by adsorption from i)e:.1Zene- petrol ct:lv:.: 

(40- 60°) solution (35:65, 70 ml . ) onto a colmnn 

(0 . 8 x 10 em. ) packed Vlith neutral morin- alumina ( ~;r oclcmat1i:l 

Grade III) . On development of the chromato.:;r an: wj_ th 

benzene under ul tra-violct l i ght, a dark zo~1e vras observed 

to move dovm the colmnn. The eluat.e corresponding to 

this zone (40 ml. ) ~as collected separately and evapo~ated 

to yiel d waxy yel low plates (40 . 2 mg . ) . Recrystalliscd 

twi ce from methano~ the cicutol p-nitro~enzoate (7 L~. ) 

had a m.p. 81 - 83° . 

A second polymcx•ic li ,sht absorbing ·ba;.1d '.7as 

eluted fx•om the column with benzene- chlorofoi'm ( 80; 20) . 
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Light absorption of cicutol p-nitrobenzoate i n alcohol. 

·>-- max. 237 253, ( 261) ' ( 263) ' (265), )17, :x;:; i·i.J.1 . 

10-3t 21.0' 24.5, (18. 85), (19.1), (19. 0), 40. 5, 35 .3 . 

"-min. 245 ( 260) ' (262), ( 264) ' ( 266) , 328 DJl. 

1o-3t. 17.6,(18.8), (18.6), (18. 9), (18 .. 6) , 32 . 65 . 

The light absorption i s the same as that of cicutol, but 

with fine ~tructure in the region A260 - 265 m}l due to the 

phenyl group. 

( b) Cicutol acetate . 

A crude acetate was prepared in the usual manner 

by acetylation of crude cicutol with acetic anhydride in 

pyridine. Subsequent chromatographic purification on 

neutral morin- alurnina (Brockmann Grade III) , yielded 

crystalline material 'vVhich decomposed on attempted 

recrystallisation. 

( 9) Examination of Hydrogenation Products of the Crude 

Cicutol obtained bi£ Chromatography of the Hethanol_~_C2 

Plant Extract ( see Section 4). 

The crude cicutol obtained by chromatography of 

the methanolic extract of · tho p l ant ma te.l"ial (Section 4), \7as 

completely hydrogenated over pall adium- barium sulphate ( 2. 5%) 9 

and the products ( L~ . 55 g. ) chPomatographed from benzene 

solution (50 ·ml.) on a column ( 3 . 5 x 41 em.) packed vri th 

neutPal alumina (440 g. 3 rockmann Grade III). Development 

of the chromatogram with benzene ( 2 1.) folloued by 1)enzenc·­

chloroform (90 :10 s 2 1. ), furnished a large quantity (3 . 62 g . ) 

of heptadecan- 1-ol characterised by m. p . and mixc:;d melt 

with an authentic sampl e . Continued development Tiith 

methanol- benzene (0 . 2:100, 1 . 5 1. ) furnished needles 

( 0. 44 g . ) of m. p, 153 - 158° (after crystallisation fro1~1 

petrol ether 40- 60°) . Ful"ther development w~ th methanol-

benzene (1:100, 1 1.) fuPnished material (0. 15 g. ) vvhich, 
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after 3 crystallisations from petrol ether (40 - 60°)­

chlorofor·m ( l : 1), was obtai ned as plates of m. p. 67 ~ 5 - 68.5°. 

(Found: C, 74. 46; H, 11.8. Infra-red absorptioD shovred 
-1 strong peaks at 3425, 1738 , 1712, 1200 and 1183 em. , and 

minor peaks at 787, 1137, 1213, 1238, 1242, 1255, 1273, 

29 3 -1) l 0 and l 01 em. . 

Final development of the chromatogl"'8Jn rri th 

methanol-benzene ( l. 5:100, 500 ml.) yi e1ded a semi-solid 

yellow oil ( 0.19 g.). 

The crystals of m. p. 67.5 - 68 .5°were in all 

probability a phytosterol (cf. 4, 5) . 

( 10) Examination of the Second Light Absorbing Ba11d Eluted 

after Cicutol on Chromatography of the Plant Ethereal 

Extract (Fraction II 2 Section 2). 

Thi s rna terial, which was subsequentlJr shovm by 

Drs Lythgoe and Trippett to contain cicutoxin, the poisonous 

principle of C. virosa (27), did not crystallise. 

( a ) Ultra-violet light al::lsorption in ethanol (Figure 2, 

Chapter 3 ). 

I\ max. 236, 254, 317' 334. 

El% 
lcm. 40.9, 48.0, 113.5 1 102.8. 

A min. 246, 265' 327. 

1% 
Elcm. 31.8, 21.3, 95.3. 

The material exhibi ted the same general absorption as 

cicutol (Figure 2, Chapter 3), and by comparison of the 

E]Jb value at 317 ril}l with tba t of cicutol , appeaPed to l cm. 
be approximately 70% pure . 

(b) Infra- red Absorption. 

A large number of peaks were ob served. Those 

bett er defined were a s follows: 3326 (strong), 2212 (weak), 
-1 21 28 (very vveak) , 1634 (weak) , 1603 ( medi urn) and 996 em. 

(very strong). 



- 44 -

( c ) Chromatography of Hydrogena tion Products. 

Fraction II (200 mg. ) was completely hydrogenated 

ove r palladium- barium sul phate ( 2 . 5%), and the pPoducts 

adsorbed f rom'benz ene solution ( 50 ml.) onto a column 

(1.5 x 9 . 0 em.) packed ·;Jith neutra l alumina (14 g . , 

Brockmann Grade III). Development of the chromatogram wit h 

benzene ( 200 ml. ) furnished a Jrcll oVoJ oil ( 25 me . ) . Furthc;l" 

development VIi th chloroform- ·benzene ( 10 : 90s 300 rnl.) y i e l ded 

crystals ( 72 mg . ) ',7hich, after 3 recrystallis a ti ons from 

petrol e t her ( 40 - 60°) -chloroform ( 3: 1), shovved rn. p . 66 . 5 

67 . 5° . (This materi a l was 'later• shown uy Dr•s Lythgoe and 

Trippett t o be i mpure heptadecan- 1: 14- di ol ( Iii. p . 71 °)) . 

Fi~a1 development vvi th methanol-benzene ( 1 : 100) 

yielded wax y crysta l s (100 mg . ) which could not be purified; 

the m. p . being 73 - 76° after five recrystallisations from 

chloroform and pe t rol ether. 

( 11) §_ynthetic Experiments . 

A. Preparation of hendeca-5:7:9-triene-2-yne-1 :4-dio~. 

~ropargyl alcohol ( 6 . 0 g . re-disti l led) in 

anhydrous AR ·;Jenzene ( 20 ml.) was added slowly to a sti l"'Ped 

soluti on of ethy1magnesium "bl"omide (from maJncsium ( 5. 3 : . ) ; 

e thyl bromi de ( 23 . 5 g .) and m1hydrous ether ( 50 ml.) 

a ccording to Ziele and Uayer (6)) . Near the eDcl of the 

addition a further 30 ml . o enzene were added and the 

preci pitate brakeD up i u to a slurry. 

refluxed with vigorous stirring at 30° for 2 hours , after 

which the condenser was removed and the ethel"' a l lo•:red to 

boil off. A solution of octatriena1 (13.1 g. prepared 

according to Kuhn and Grundmann ( 7 )) in benzene ( 20 ml.) rms 

then added slov:ly, and stirring co:1tinued for 3 hours a t .35 ° . 

The cooled mixture (0°) qa~ decomposed b y the addition of 

ice cold saturated ammonium chloride solution (500 rnl . ) 
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over a peri od of 20 minutes . Ether (1 1.) ~as added and 

the organic layer washed, dried and evaporated. The 

residue, l"'ecrystallised once f rom benzene, yi elded t he diol 

(5 .49 e.) of m. p . 97 ~ 103°. Fill"' t her crystalli so.tion fl"'Oin 

chl orofor m gave mat eri al of m. p . 103 - 109° ( dqcomposi tio:1 

over melti ng range). (Found: C, 74. 0; H, 7 . 4% . 

o11H13o reQuires C, 74 .2 ; H, 

i n EtOH, ~ 260, 267 . 5, 278 1 'max. 

7. 85%) . Light absorption 

-3 44 mu. 10 £-. 43 , 55 , • 5. 

(Comparison of the mol ar absorption ~nt h that of octatrienal 

at 'A 267. 5 mp showed the compound 96,~ pur e •. ) 

B. Preparation of nona-2:4-di ene- 8- yn- 6- ol. 

Zinc dust (38 g.) v.ra.s activated vrith 21~ HCl, 

washed , and dried by azeotropic di s tillation with benzene ( C). 

The zinc was covered with anhydrous AR benzene in a flask 

eQuipped with efficient stir• ring and x•eflux condenser . 

A mixtur e of sorbaldehyde (58 r_: .) and propal"'gyl bx·omide 

(58 g.) in anhydrous ethel ... ( 200 ml.) rms then added slonl~­

After ca. 10 ml . had been run in, iodine ( 1 Cl"'yst . ) and 

mercuric chloride (50 mg. ) were added to the r.1i xtm" e, ancl 

t he reaction started by gentle 'darming. Thereafter, the 

reactants uere added over 30 minutes a t a rate sufficient t c 

maintain r eflux. The mixture \/as refluxed for a furthel, 

30 minutes , cooled, and poured into ice cold acet ic aci d 

solution (1%, 450 ml .). The whole ~as then extracted ri th 

ether (3 x 250 ml . ); the combi ned ethereal extracts being 

~ashed , dried and evaporated. 

The residue was then distilled, fir s t at the 

water pump wi th a bath temperatm"e of 50 ° to remove "beDzene, 

water and unchanged :proparg:rl bromide, and then at 0 . 1 mra. 

v,ri th the receiver surrounded by a co2-freezing mixture . 

The bath t emperature was gradually i ncreased to 150° as t he 

distillate changed in appearance from a colourless liquid 

to a thick viscous oil. The total distillate collected 
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( 60 ml.) was then fractionated through a column ( ll" x 6t") 

packed with Dixon gauge rings . The requir ed nonadienynol 

( 15 g. ) was ootained as a fraction of b , p·. 62 - 65° ( o. 5 mm. ) ; 

unchanged sorbaldehyde and a mixed fraction of b.p. 33 - 60° 

(0.1 mm,) being first removed. 

Redistillation of the crude alcohol furnished pure 

nona-2:4-diene- 8- yn- 6- ol of b.p. 62. 5° (0 . 5 mm, ) and 
D "\ 19• 2 = 1. 5136 (Found: C, 78.1; H, 8 . 78%. c9H12o 

r equires C, 79 . 6; H, 8 . 88%). 
:..3 A max. 229 mp. 10 E. = 22. 1. 

Light absorption in ethanol; 

(Henbest, Jones and Walls (9) 

state that low carbon values are always found for propargyl 

carbinols.) 

C. Preparation of the a-naphthyl uret~ane_Qf. 

nona-2: 4-die,ne-8-yn-6- ol. 

The alcohol (300 mg.) was heated with ·a- naphthyl 

isocyanate (463 mg.) for 10 minutes on a water bath. The 

solid mixture was extracted with petrol ether (80 - 100°) 

and the soluti on filtered. Evaporation of the filtrate 

followed by 3 recrystal~isations from petrol ether (80 - 100°) 

gave the crude urethane (140 mg . ) of m.p. 98 - 103.5°. 

This material was adsorbed from benzene solution (20 ml.) 

onto a column ( l. 5 x 8. 5 em. ) packed with neutral alumina 

( 1~. g. Brockmann Grade III). Development of the 

chromatogram with benzene ( 100 ml.) aDd evaporation of the 

eluate, furnished white needles , twice recrystallised from 

petrol ether (100- 120°), to give ~~~dien~~~~~-~aphthyl 

~.~!!ane of m. p. 104- 106° (Found: c, 78 . 2; H, 6. 07%. 

c20H19o2N requires C, 78 . 8 ; H, 6. 22%). 

D. Dehydration of nona-2:L!.- diene-8-;y-n-6- ol_to 

nona- 3:5:7-triene-1- yne . 

This reaction was carried out using several 

reagents. The yields were determined by measuremeut of the 
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ultra-violet absorption of the product at~305 1 292 and 279 m? 

and comparison of t he values with those given by Jones 

et al . ( 10) for deca-3: 5: 7- triene-1-yn-9-ol. In 110 case rrer e 

the yields sufficient to warrant isolation of the nuaatrienyne 

·for preparative pux•poses. 

(a) With phosphorus oxych l oride i n pyridine . 

The nonadienynol ( l Oj ~g . ) ~as refluxed (1~ hours) 

with anhydr ous pyridine ( 2 ml.) containing phosphorus 

oxychloride ( 46 mg. ) . Tho reaction mi xture was taken up ii;. 

n-pentane (5 ml . ) and ~ashed thoroughly with 6F HCl · solution, 

pot assium bicarbonate solution and uat er . Ultra- violet 

ex amination of the dried pentc.nc sol uti on shorred a y i eld of 

9 . 9% nonat rienyne . 

( b ) Wi th p - tolucne s ul phonic acid in cyclohexano . 

Nonadienynol (100 mg. ) vas r efluxed 30 minute s with 

p- toluene sulphoni c acid ( 3 mg.) in c~rclohexaue ( 5 ml.). 

The solut i on vvas washed with aqueous potassi um bicarbonate 

and water and then dried. Yield of nonatri on;y11e = 137L 

( c) With p-toluene sulphonic acid inS-free t oluene. 

The experiment vms carPied out as vvi th c~:-clohe:i:a;'lc . 

Yield of nonatrien~ac = 16%. 

(d) Dehydration of CI'ude ncnadicnynol p- toluenc sulphonat~ . 

:Tonc.dicnynol ( .::; . 1 -::: . ) ·;ras i."cacted with p- toluo;.1e 

sulphonyl chloride ( 4 . 7 r.; . ) in AR acctoni. t r ile ( 8 . 6 ml. ) 

containing :,;Jotass i mn hydroxid.e ( 1. 5 r; . in 2 . 7 L:l. vater) . 

The solution was stirPed 12 hours and the crude derivntive 

( 1 . 71 g . ) isolated by ether extraction i n tho usual mnn~0r . 

The nonadienynol tosylatc (1 . 42 g . ) ·,7as dissolved 

in ethanol ( 2 ml.) and added to potassium hydroxide 

solution ( 5 ml. 307b w/w) . The mixtui'e Yms refluxed for 
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10 minutes and extracted with ether. The ethereal extract 

was examined spectroscopically after washing with sodilli~ 

bicarbonate solution and water. Yield of nonatrienyne ~ 3% . 
Attempts to dehydrate the nonadienynol tosylate 

wi th sodamide in ·liquid ammonia and vvith sodium n-1:mtoxide, 

yielded none of the required nonatrienyne. 

E. PreEaration of £ thyl- 3-hydroxy-octa-4 :6-dienoate. 

This compound was :pl"'epared as an intexornedia te fOl"' 

a proposed synthesis of octatrienal from sor~aldehyde. 

Zinc powder (8 g.) was activated with 2N HCl , 

washed with ethanol and dried by azeotr·opic distillation with 

benzene (8). The zinc was covered with anhyfu"'ous AR 

benzene (150 ml.) in a f lask fitted with efficient stirrin~ 

and reflux condenser. A mixtuPe of soriJaldehyde ( L~8 g. 

b . p . 62 - 64°/11 mm.) and ethyl bromoacetate ( 9.0 g. 

b . p. 158 - 159°) in benzene (50 ml.) was then added slowl y. 

After addition of ca. 5 ml. of t his solution the mixture 

was gently wro"'med. A vigorous reaction ensued and the 

reactants were added at a rate sufficient to waintain reflux. 

The mixture was refluxed for 20 minutes after addition was 

complete. The products wel"'e taken up in ·benzei.'le ( 400 ml. ) 

arid washed with acetic acid solution ( ll'~ , 3 x 300 ml.). 

The benzene was removed under vacuum and the product distilled 

through a fractionating column. Yiel d, 28 . 6 g. e thyl-

3- hydroxy-octa- 4:6-dien9ate as a colourless yleasant 

smelling oil of b . p . 85 . 5°/0.l mra. 7L~8o 1. 4896 . 

(Found: C, 65 . 2; I-I, 8. 7J~. c10H16o3 r equires C, 65 . 6 ; 

H, 8 . 8%) . 

Tb,e o..-naphthyl urethane of the compound was 

prepared as described for nondienynol (Section 11 C) . 

After recrystallisation f rom petrol ether ( 40 - 60°)-

benzene and aqueous alcohol, the a.- naphthyl urethane of 
. 0 

ethyl-3-hydroxy-octa-4:6-dienoate shor.red m. p . 98 . 5 - 99. 5 . 
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(Found: C. 7l. un: H 6 aw. , ~ o j'O o 

H, 6. 52!6) . 

F . Dehydration of e thyl- 3-hydr oxy-octa- 4:6- dienoate to 

e thyl- octa-2:4:6- trionoate . 

Ethyl- 3-hydroxy- octa- 4:6- dienoate (27 3. ) in 

anhydrous AR ·oenzene ( 400 ml.) was refluxed 6 hours 1-ri th 

AR p - toluene sulphonic acid (0 . 25 g. ) . The yield of 

ethyl-octa-2:4:6- trienoate estimated spectroscopically by 

its ul tra- violet absorption at\299 (cf. l l ) wa.s 33/b . 
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PART II. THE STRUCTURE OF CICUT~. 

S U 1.f f.: A R Y. 

(1) A remarkable compound cicutol was isolated from 

the poisonous 11watei' hemlock" (Cicuta vh·osa), -b~r use of 

the techni~ue of fluorescence-quenching chromatography. 

( 2) The compound was shovm to 'be a mem!Jer of the 

new class of naturally occurring polyene-ynes, aJd a 

type structure was proposed on the 0asis of its observed 

physical and chemical properties, viz: 

CH3-(cH2)
11

-CH=CH-CH=CH-CH=CH-C:C-C;c-(cH2) 5_n-CH20H. 

(3) Three new compounds were prepared in the course 

of synthetic experiments concerning the chemistry of 

cicutol. 

( 1) 

( 2) 

(3) 

These wepe: 

hendeca-5 : 7 :9-triene-2-yne-1:4-diol. 

nona- 2 · LL- di e•1e-8- yn-6-ol . . ~ . 
ethyl-3-hydroxy-octa-4:6-dienoate. 

Other recently discovered conwounds related 

to cicutol have neen reviewed in Chapter 6. 
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