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ithongh the study of natural products has always been
a prominent part of orgeanic chealistry, fatty aolds have not
hoen sartoudly considered in coamparison with the sore favoured
carbohydrates, lssnrenoids, and alkaloids, to asntion only a
few, ‘'listorically, organie cheaiets preferre:d those compounds
which omsld be roadily isolsted in a pure atate, and this
gansrally imnliad thnt they were corystalline solids or volatile
liguids, The fatty aciids <id not meet tnese crileriag and in
additi nn, =most fatty compounds were ¢oasidered to be alxtures

of n emall range 57 apide of aluple stroocture,

this 1% no longer true, New chromatograenile and
spectrosconis procedures make those aixtures esay to handle
an! study, “overtheless, and desite the existence of a
wenlth of 1itorature, taore fs utill A lot that we do noi
kaow ahout the chedstry of fatty sclds, imring tiw past 3u
vears, thare has beea a resfsrkable resurgence ifa tue Laterest
and regoearch effort devoted to a stuwly of the cheafatry of fatty
acids and thelr derivatives, And =0 1t i3 wanifestly {arossinle
to cover the {mportant asneots of the subject of fatty acld

choemfqtry shich have been ripening durfiag the past two decades.
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thile & host of long-chafia fatty acids have been derived
from antural and alxo via synthetic routes, oaly few sulphure
emtaining fatty acl:ls anave bDaen described, (e atteation
has heen davoted to srenare such cow nunids =ad osn be 20sily
sranarad Prow orvgenatod zefds, [aterest ia this fleld was

farther stimmlated by the disoavery of axygenasted fatty aclds,

‘xvranated Fatrty Aoiids

Tan many loag-ohain aocids have bBaea dlacovered in
racant veara include n pumbear of severxl oxysennted aocids,
e axidation processes viz,, hydroxylation, epozidation,
ant neldative dezradntisn, encounraged to extend the soarch
far new axygenated anolds, The oxygenatod fattly nciids nave
nn! monleved th- tadagtrial iaportance fo counarison tn the
nan-nsyrennted relis, selaly becmise of thelr non-aveilsoility
fros natural souraceq oar agynthetiecally, These aclis are now
eonaldersd to he esgential fnterasdistes in a variety of basic
stadies in the fatty aseld cheulstry, {.,v., autoxidaetion,
shmnical osxidation snd the reaction asechanisa, and tae aetabrile
invoeatizatioas, Ixvzenated aclda are alqo attraotive cospounds
for studies of positional, zeonetric and optloal fsomerism
and for stadias of tao effeoct of, tyne and nusber of funetioanl

zroupe on thelr phyzical and ehemical oroserties,
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The work on the oxygenated fatty aclds has been ceatered

mainly on threa lines:

{1) »rrenrarntion of various types ol oxygenuted scids irom
unsaturatad fatty aelds,

{11! 1Iantercoaversina nf oxygenated ncids,

{111} dechanlsm and atereocheusistry of the rezctivas that
ncour in the prenaration and autual trensfonaation

of oxygenated Tatty acid derivatives,

" review of the literature on the foraation and
reaationg nf oxygensatod fat:y avcids fndicates ithat the
divergent resulta reported froa time to tino are aainly due
to the diffioalties exnerisnced in ocoatrolling the oourse of

the ranction and in selecting the oriteria of nurity.

The ohenicrl resgtions of longechaln aclds are esseu-~
tially those of the oarboxylie group, tiue olefinlc double
hond and oecaslonally m ajd-0ain Oxyzenated fuunotion, In
the laat faw yaars, inoreansed attention has been directed to
the non-classical reactions of oxygenated [atty acids. These
non~clrasical resctions include rearrangemeant of 1:d-epoxide,
11d-annxide of hydroxy olefinie acids, and oxidation of
olefinle aelds, Neighbouring group participation aay be
nhserved rhen reactions occurriang at one funotional group
in a moleeule are influonced by a second fuactioaal group

in the ssme molooule and way result in an enhanoced reaption
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rate or in a produot of an anexpected stereochnoaistry or

struat ira,

“poxy fatty reidn represent one of the isportant
nlngsag nf sxygenated acide, They contain the aost versatile,
rosntiva and {oteresting functional group 'oxirane', a taree
~usthered heterocyclic ring. The commercial use of epoxidised
ofla andt aesters in recont vears has highlightened the ioterest
of fat chealata in the study of oxirane oompounds, Ixiraces
raant in solatton with a wlde varlety of slectrophilice,
meloonnil e, and neutral reagents, Altaough lability of
apoxides in the sreosence of an enormous variety of reagents
has heen Xaown and exnlof ted for wany years, such confusion
hag sarrounded tho mschanisa of these reactioss, ihe direction
and stereochent stry »of ring-onenlng are goveraed largely by
thras factorsy {(a! sgtraoture of epoxides, [b) structare of
rongent, and (¢ resetion conditions, such as temperature,

solvent nnlority, and catalyst,

Carrently tuae lipid chealsts have been engaged in
standi on designod to leara more about ths new and interesting
roaations nf oxyvgenanted fatty acids, which rovide new route
to the synthesis of o variety of rfatty coapounds, The growiag
demmnd of fatty chesioals as intermedinte raw materials aas

divertead the attention of fat chenists frow the analytical
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aspaocta of natural fats to tha theoretieal stide of the reactions
of amasunl fatly meids and thelr novel derivatives, Tue recent
advonoes in chroantosrashlic sethods of separation and spectro=
saoopioc methods of atructureo deterasination have led to the work
an the ktnetios of renctions snd the use of physico-ohesical
data in golving the amechanistic provlens of oxygen:steu scids,
Thas, the nonventional eleaental dnta, melilay point deterwina-
tioan, ant darfvatiastion of reaction produots are no longer

the sole eriteria for struoture deternination., f(he spectral
mathnds ~ aartiocularly i and mass spactrogseuvpies — wiileh
hawa mnst changed the behaviour pattera of lipid cheaists md

honhonists in resant yaars, are aow triefly discussed,

duclenr tagnetic iesonance (Nii)

T4 t3 an extremely usaful toconique for the structural
deternination of many tynewm of orgaanile coapounds, hen the
N4 speatrua of & sleple solocule s detersined, its chemical
atracture can often de elucidated by firat order inter)reta-
tion of anectral data, The number of differeat types of protoas
tn the molemile ean be deoterwined by integration of pead area
snd informnti nn shout proton environwent can be obtained from
the chentenl ahift, multiplicity, ant counling constants of

diatinzulshable peakw, In receat years various teoiuniju-s
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hays beon develonod to extend the applicutiog of Wit to
comnonnds of complex atruatires, Among these are: {(a) addition
af maﬂ to suppress the signols of <Nl and —iaa protons,

{bi dateratantion of speetra in varlous solvents to obtatn
in!nrmatlan from molvent effoots, () application of decoupling
{domble regonsnce or doahle frradfation. to slaslity o2aplex
signale wnd to tdentify related nrotong, {(d; repeated scanning
ant avearazing by commmuter to obtala deftni le spectra fin very
ganll somnles, (e, the uape of shift reagents §n stractural

t 3;"

P L

dateraination, and (€

Y namber of reviama“g on the il spectra of fatty

aclds have snneared in the literatire, rarticslar iaterest

is fomised on the changes in 48 spectra produced by cle-trans
{somertias and by conjugation, Ia the oage ol oxygenated acids,
hedroxy acids gsive rise to w0 jeaks in 4+ shion roepresent
the I« nraton aml «j=t= praoton, This metl:ine proton appears
at 5 3,80, while the siznal of the protoa of hydroxyl group
changzes =ith dilutisn and oan be eliminated by a drap of uau.
In an acetoxv darfvxtive the acetyl protons produce a sharp
sinzlet &t 5 2.19, T[he epoxy riag protons appear at & 2,39
(cls enoxide: and § 2,45 (trons enoxide; though these values
shanze slihtly when tie epocide group is noar to the ester

nr () -@ethvl groun, The si:asl et 52,30 colncides with

diallylic ¢, signal (6 3,99). 50 1n order (o overcume the

Yo
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eonfusion, the enoxy group ean bhe odaverted to diacetoxy whieh
gives a new sfi:nal at & 2,10, [n general, the onemioal shifte
of the salnhur-containing fatty acid derivatives occur fturther
downliald than that found for the correspounding oxygen analogues,
*he meroaptostsarate displays an VIR signal at 5 3,30=2.43 whieh
renresanty the -Uli«i= nroton, The epithio riug protons appear
at 53, (ais eptthio) and 53,70 (trons epitalo), whereas tue

enidfithio protons (=CHeSeleCile) show an Widt siznal at 5 2.34-2,73,

t1thoazh V4 is used by lipld chemists, tae tecnniue
13 sevarely limited in scope and autitifity beonuse in most
long=chain cospoundn, the majority of chaian aethyleane protoas,
for all praatical nurnoses, are maznetically equivalent, iligh
rasolntion ¥4 spectrosoony, a powerful tool in wany fields
of oarganic cheaiatry, has been used to advanta.o in tae study
0f soae nnsatarated fatiy aclids bat has found lialted applicution
in the snalysis of fativ acid derivatives due to coilncident
chomfenl ehift of methylone protons, These protons yleld a
hroed aiznal of overlapnpling resonances whieh preclude their
{dontificattion and counnting as well as the deter=zination of
their counling constant, 4Yince mnjority of the ohain setuylene
protens ~re msagnetically tndiatinguishable, 1t i3 fmpossivle
to confira spectrally the nresence or abvsence of chain sunstituents
or ~hain branching, Recgently, some intornretive probdless have

baen ovaercoasne hy deterainfing the spectra in the presence of



chemicnl ahift reagents (osr: which expand the Nix spectra of
1inid lertvatives, thas providing considerably wmore structural
informattion than it has hitherto been possidle to obtein, The
hagt car daveloned 130 {ar are rare earth coaplexes of auroptuu"s
ar nrasaoﬁymlnmﬁ. fyafoal ocar coanlexes coabine u(lifl) or
{111 with the malonic ligands: 2,2,8,5=tetraset ylel,i=
hantanedione ar t,1,1,2,2,3,3=heptalluoro=T ,T=diawetiyl=t t=
actnnedione; ahbreviated designations for these coupluxes are
!f*u(thd?,‘, %’*r{tmﬂ3, s»:m{rod)r and r{ fod),. usr caa asrgodly
axnant Wil ansgtre of eomnounds contafning functional groups
with lone patrs of electrons, I tic lone palr can co-ordinate
with the rare sarth setnl, The sapectrs are expamied because
the chanfeal environaent of protons near the eo=ordination
aite is different froa tho environmont of distaat protons in
the molecule, The niganrls of protoas near the co-ordianation

si te are therefore disolased, T[his displacemsnt i3 directly
related ta the distance hotween the protons in question and
the comlaved metal atomg the sanller the distance, tie greater
the shift, Unuplexes containiang o and Pr coaplement each
sther eince, relative to tetramsthylailane { ids;, tae wuu
enmnleveq shift protoa sfaznnla downfleld from their original

sasition shersas r counlexes shift thea apfield,
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The srocise mechanisa by which osr fnduce these chanjes
in chesfeal shift 1a ander continuing debate at the present
tlma"w. Fortanataly, in most esr applications only a general
underatan:iing of the fateraction is neocessary. [ a aolecule
contrine & funotionsl zroup having sufficient lLewis basicity
it oan foram & complex with esr, Ihe dondiag lu ¢sr comuplexes
f= considered to be arinly, 1f not exolusiveaely, dtgulars and
{t has been reportad to deorease {0 strength as the Lewis baslioity
of the functimal group decreases: amines > aleonols > ketones >
aldehvdes > ethers > aesters > nitriles; halides, indoles, and
douhle hondm nre ln&ettvag. Ihiols, thioethers, and aryl
ashosphinas form osr coaplexes bai, consisteat with differences
in Lewin hasicity, co~=ordinate much less strongly thsn do thelir
oxyzan and aitrogen analagumﬂa. 8y fnduce ohanges in the Wi
chemfonl shift of protoa signals because the majznetic edviroa-
mont of protoas 11 a cdanlexed moleocule differs froa the

nngnetic envirnament of protons in an uncomplexed woleoule.

sy reagents osn substantially increase the a.ount
af atructaral Information obtainable froa dd stuiddes of
saturated and ansatarated lisid derivatives, 1t is thaeorase
tically possible to obtain aore informution from gsr studies
of unsatursted lipid derivatives by introdicing aedditional
car-active funotionnl zrouns into these molecules tarough

dorivatisation of their double bonds, ilowever, additioaal
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osr go-ordination sitea comnlicate speetral interpretation,
heoruse they incre:se the nuuber of signals that overlap, The
twn model comnounds viz,, methyl ricinoloate and metuyl

t 2-hvdrocyntearate were 1nveutlgnted‘0 to test the feasibility
of atteuntinyg other osr analyses of solyfunoctional wolecules

of uaknown strinture., The individual proton signals has been
oheerved and nssizned for all the protons in methyl ricinoleate,
excont those on carbons 3,8, and 7, Informetion obtained for
mathyl {l-hydroxvsatearate i3 less snpecific, sijasls were
abasrverd for all protons in aethyl fl-hydroxystearate, although

in syma casas several proton siznals ovarlai,

The enmnlote structural slucidation may evean be possiodle
1? eneon nroton {n the maolec:le is wituln elzghit carbons of a
car cowordination =il tey Cils emmdition would be met, for exesple,
iI7 the double bdond of methyl oleoate wax derivatised to foru

aethvl 9,1%=dihydroxystearate or methyl 9;ti=epocystesrate,

Interpretive tachaiques are described that enable
unanhignons sroton assigaments to be made desplte Intor-
ferences {rom overlanpia: sicnals, These soue teoani ques
ara anaslicahle to other polyfuanctional aviecules and have
been used in car studies of the erythro and threow- methyl
9, 13=dihydraocystearates and tne ols and tranos-metinyl 2s51)=-

ayoxystearates,
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1 made {t clear

The studies made by Tineburg and Swern
that a ainile speotram osr analysls of a polyfunctioanal
mnolecule [s not posaible, Unasdiguous assignment of over-
lanping nroton signals can be asgooaplished only tharough the
uae of several complenentary interpretive techufigues including
an tacreaental addition study, the construction of proton

plotes and the oaloeulation of ifnluced shift ratios,

1 3&3 PR _speetro soopy

“lacidation of atructiures of aany natural products
has baen simplified in the last fow yoars by the use of

‘aa NUit sneaetroscony, Fhe cheaical salft range is cu,2U0 ppa

tor 132 apectra coupared to only ca.10 ppam tor i spootra,

’3& speotra of fatty acids has receantly boen

dore studies on
made and 1t was found to be useful in structure deteraination

of liptde, particularly of aixtures of goawpounds with such
sinilar structires that other spectroscopic or chromatographia

me thods nroved unsuccessful, Marther, beomuse the ocorbvons in
long-chnain compounds are in similar environments, useful
analytical estimations coald probably be made from the inten-
sitien of the speotral lines, Couparisoan of the 133 Wit spectrua
of a compound with that of the correspnonding specifically

denterated cnompound i{s a convenient metiod of signal assigament,
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In genaful, it {as known that amonodeuteration of a CHQ group
cenaverts the signnl of that carhon to a triplet with Jlau_u of
on, 20 iz and also eanzes an unfield (negative) displacement
of ca, Y,4 pom (first atom isotope ef fect), Conversioan of iy
to cna usunlly causes the siznal of that carbon to disappesr,
nrobably because of inoreased relaxation tiame,

Tulloch ot al.!! nave assijned chemical shifts to all
the senarats signels in the 13& Ndid spoetra of metayl stearate,
oleato, »nd petrosclinate by means of the seoond and third atom
fsotone effects in the spectra of specifically deuterated eosters.
Sneotra of almoast 211 the fsomeric hydroxy-, acetoxy-, and
axontaarates are nlso renorted,

Heoently, Sua 31‘33.12"3 nave studied '3 nix of aetuyl,
methylene, and oarbonyl carbon atoms of wnethyl alkencates and
alkynoates, and double and trinle bond carbon atoms of unsaturated

14,13 13,

fatty aotd methyl esters, {Gunstone ot sl. have aade LA

studies of stetylonic and alefinic fatty aoids and esters. fThe

‘33 Nd' ochesfical shifts for anoh of the earbon of a nuaber of

i3a end the rosults related

sisple thiol eeters have heen umeasured
to known chemical properties of the thiol ester ftunction, ihe
chenmical shift of the thinl ester carbonyl carbon was found to
seonr some 13«30 ppam further downfield than that found for all

other earhoxylio acid derivatives reported to date, The carbonm
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{ to the earbonyl function in thiol eater has also bHesn shifted
downfield by abomt 190 ppm relative to the / =oarbon in acids,

oxygen esters, or suides,

The use of mass sppotrometry for detersining the

structure of fatty aolds — now increasingly used with profit

16 17,18

- has boen resviewed by Heolloskey and by Jeman and scharmann
This is a very effective proceidure and when oonbined with tue
soparating efficleney of gas chromategraphy it provides oag of
tho most powerful methods of structure deteraination and
raqaires only a saall asount of materisl, Gas caromatography
-nagn spectrometry (G0«45] becomes even #ore efficlent when

1i{nked with a computer,

Stracture deterzination iavolves, more often, the
deternination of Jdouble hond position and 1t is unfortunate
that masse spastrogetry doss not provide en imaediate solution
to this nroblem, Tho double bond aystea is labile on elactron
hombardment and fsoneric esters give alaost indistinguishable
mass speotra of 1ittla dlugnostic value, 3ince tP80 various
procedures for overaooming this difffeulty have beeon proposéd.
Zach procedure involves n chesloal modification of the alkeuoate

to *fix" the double hond, sHome reactious give mixed products

and this complicates the {nterpretation a little, This is not
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too serious with monoenoates tat the situation may decome
confused with polyuasaturated osters and although smass speotroe-
matry hsas been annlied to such saysteas no single widely applied

arocedure has been evolved,

The interpretation of a mass spectrum is dased on the
nensursment of mass, usiaally to the nearest tnteger., Iatuitively
these wvalues may be converted into slemental compositioa, For
axampla, the molecular masses 1T, 293, and 333 correspond
respoctively to 018, Ct4, and 22) normal=chaln metiyl esters,
while molecular fon of m/e 2496, 314 or 342 would lead to the
plaasible/a;annatiou that an addi tional oxyzen was present,
Towever, as the structure of a fatty acid beocumes more complex
the nunber of nossible elemental coajositions that a aolecule
or frazment fon wakes the “arithmatio® approach fncreasingly
Afrfionlt, Likewise, the speotra of poly functional fatty acid
asters any fail to exiibit the charascteristic peaks of siapler
refereonce commounds, resuliing in deoreased certalaty »f

{internretation,

| Tydrogen sizration and skeletol rearrangement ocour to
a2 certain extent in a longz-chain fatty ester noleocule during
uass snaotrosetric fragaentation, tThe ion of structure
(eua}HGQGCﬁ; ean bo formed el ther by simple cleavege of a
earhon=carhon hond of the ester moleculs, or by expulsion of

a part of tha chain plus a hydrogen atom, or by cleavage after
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single or multiple hydrogen shifts cocurring in the molecular
ion, Therefore, the hydrogen and carbon atoss in tne resulting
froagments nay not be in the sase positions ia whioh they were

in the original ester molecule., hich acehanlsa dosinates, and
to what extent a mechanisa is responsible for tae formation of

a (Qﬁg)naﬂﬂgﬂ; {on dependa on whieh fon is under consaideration,
Huoh work done on the mechaniss of mass spectrowetric fragaenta-
tion af 1ipid aolecule is mainly by substitution or isotope
1abelling at the site of fnterest in the molecule, The usefule
ness of deuterinm labelling of organic nolecules for gatalng
insizht fnto frazmentation end specifioally rearrasged processes
under electronie inpoot have bean dewonstrate¢ fraquenily ia

the mass snectrowmetry of fatty aclds,

Hoat fragsentation reasctions ocan be classiiied as eitner
simple cleavages or rearrangesents, Tho three comuon rearrsnioe

monts in the spactra of longechain esters ares

(1) Transfer of Y =hydrogen to a cerbonyl group {usually

the carhomathoxy zrouni,
{2) Loss of fntermediate C, H, . qroupings witaln the ohaia,

(2) f1imination of methoxy group plus hydrogon as methanol

(nﬂﬁg s+ I = ﬁﬁaﬂﬁ) usually from frazment foas,



ost fatty aofida nre suffioiently volatile for their
spectra to be deterained without derivatisation, althouzh in
sone oasos use of the direet introduction systes may be necossary,
In goneral, nass spectra of freo fatty acids ore qite siamtlar,
with annropriate amass 4ifferences, to the corresponding esters,
‘“owever, the nse of derivatives, usually methyl esters, ia
nreferred. The more volatile derivatives are experimentally
snsier to work with since there lu lesa tendeacy for adsorption

and therwmal decoanoaftfion,

Spcansa of cortnin comaon structaral features, e.g., the
earhomathoxy gzroup and long aliphatic chain, a8 nuaber of basic
tons which are odserved {u spectra of aormal-chain methyl esters
ere alao found in the spsotra of polyfunctional esters, loas of
the sase elenantnl compoajtion and structural signifioaoce aay
therefore in cortain cases srise from different molecules, bvut
it eannot he agsused that thelr modes of formation are fdeantical,
onathelesn, the fdentity of foans from straight~chain methyl
esters is of basio importance fo understanding the bhohaviour of

other types of (atty esters,

1. Snters of saturated normal chuln acids:

The masa spectrr of all noranslechain esters froa aethyl

bu tanoate [G§?3(£3f‘!3)2€:7fmiﬁ!3_7 upwards are similar, they oan be
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considered 1n terms of nodels such as wmetay!l palmitate

o o 200 3 ' : < €
g “ﬂ3(ﬂ“3)14£}9‘ﬂ3;7' fhe pattern for homologous of tuis
seriss {3 80 wall defianed and charscteristic taat axect
flentirieastion can frequantly be wade without cou:nting the

ansetrum, although this should be done ns final contlirastioa,

1.1, The aoloeeular foa {4%)

such $on3 are =ell dafined, perajttiag unsabigunous
Adeteraination of the aoleo:lar welgnt, The studies revenl
that 4‘ are aleays presant {a spoctrs of esters of saturated
normolenhain aotds, 1ts avundonoe increuses (rom <3 onwards
and {ts nrosence can be verified by the aocylium fova, :#4-31, due

tns loas of metioxyl groas oy simple cleavage:

- .i/){:ﬁ,, *
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1.2, Lleavage ~ to_the gster onrbouyl groupt

This ¢loavage ooours in four ways to give fonss (a) K’.
{nil M-ﬂiﬂ’, (o) fﬁ;-ﬂﬂﬂg. and (4} 3633. Fragmeat foas {(a)
and (e} are usunily of low ahundance or absent. *lthough ioos
of tyne (b) (=4=31) and m/e 31(d; are usunlly present in low
shund=nee but nowsess diagnostic value since they are oharso-

taristie of the methoxyl group in the metinyl ester,



- 123 -

1.3, Zleavege A~ to the osrbonyl group:

Gasma hydrogen amigration to a double bond followed by
Peglenvage 13 known as sclLafferty rearrangemeat and is one of
most extensively studled and widoly ecourring processes in
ansa speotrometry, In normal methyl esters the fon groduced

by this process is m/e 74, the tase peak of the spectruas

\j ~— e i,)ﬂ’.
m‘: A i'l;" - mad, |
3 5
”3“71 (e 74
O N 3 ,C UGl
Ay afe 74

This reaotion 158 an exasple of a site~specific rearrange-

ment az shown by deuterium lahnlllnglg

of {4} only the
Yehydro:en mizrates to the onrboasthoxy groun, presumably
throzh a sterically favoured six-meoadbered transitiosn state,
The reoction {5 sahown sbove as a concerted osrovesa altasugh

there is no evidence clither for or agalanst a stepwise reaction,

The 1on m/e T4 18 sensitive to two maln stractural features,
it cannot acour unleas a Y -hydrozen is avaellable, and it will
ahift to correasondingly hizher masses {f C(2) &35 substituted,
Uass 7% i3 usually oheerved to he mors abundant than required
by the isotope peak of a/e T4, 4dont of the observed w/e T3
pesk 18 dus to & protonated! form of /e T4g the aorigin of the
second transferred hydrozen 1s not known but is appareatly

abatractad randonly fros the ehain,
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1.4, Oxyzen-contnining ionmw:

Fragaents of oxywgen~containing fons of the general
foruula‘[n(ﬁﬂg)nﬁﬂﬁcﬁs;7', where n =« 2, 3, 4, eto,, are found
for all a in speotra of normal-ohain aetiyl esters., These
fons are aritametically found at w/e (39+14n), L.e., w/e 37,
101, 113, 129, 143, 137, ete, {he lowest potential menber
m/e 73 i3 esseatinlly absent, orobably owing to the unfavourable

logation of a poaitive oharge adjacent to a positively polariwed
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earhonyl group., The most abundant member w/e 37 derives its

stabliity from the enol fora,
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n/e 37
The fragwents are senarated by 14 amu, corresponding to one
wethylene unit, iHowever, ususlly the peak repressnting the
ton of highest possible n{ei=13) i3 extremely small or absent,
There 18 a peculinr periodicity in the pesik intensities in tuat
the peaks ot afe 37 (ne2), a/e 143(n=6), and a/e 199 (aatvj,
separated by four sethylene units, are coasideradly higher
than the others, Denterfum labelling on carvon atoms 2,3,4,

19

and 6 has revealed = a muaber of faportant faots: {i) vurfng






