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SUMAMARY

The retention beliaviour of the isomerie short-chain ansatarated  butenoice
acid esters is o reported on polvsilosane stationary phases which vary in character
from essentially non-polar to those of considerable polar character,

INTRODUCTION

The givs chromatography (GCY ol un=zaturated fatty esters has been extensively
studied and relationships generally dependent on the additivits of non-interacting
strictural units have been reported and included in recent revieses? 3 These relirtion-
ship=are of considerable valne as aids in tentative identification as the unsaturation
ol the naturally oceurring fatty esters tends to he concentrated near the contre of
the alkyl chains, However,with the avadlability ol retention data of complete series
ol izomeric fatty esters it is evident that where unsaturation oceurs near the chain
extremities  significant interactions oceur and  the simple relationships are not
applicable® 0T is now evident that three seetions of the chain must be considered,
aocentral region where simple additivity is applicable, near the carbonyl group and
at the chain end near the terminal methyl group® For the relatively short-chain
bButencic acid esters the proximity of unsataration and the chain ends may be
expected to have aomarked etfect on the retention beliaviour,

While retention dativol many individual butenoicacid esters hiave been reported®
svstematic studies of Tower isomerie unsaturated esters series have not been exten-
sively reported. The GO ol the methyl esters of several ) to Counsaturated come
pounds hias been reported by JaxS and his co-waorkers™ on o polar (Reoples joo)
and two non-polar phases (dimethyl polysilosane and squalime) at several temper-
atures together with a plot of relative retention and boiling point of the esters,

Retention datac of p-alkyl methacrylote esters Trom Oy, to Crgand -alkyl,
z-alkylacrylic esters have heen vreported by Grrerir and co-workers® and by FLakeNs
AND MeRav?, respectively, hoth using non-polar stationary phases,

The miethyl esters of some isomerie g-hiexsenoic acids have been examined
by Fern and co-workers!™ who reported difficulty in separating the eis-3- and
cis-g-isomers using a capillary column containing o polar stationary phase,

Certain unsaturated  butenoie acid esters have been studied on non-polar!
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TABRLE

RETENTION DATA FOR ISONMERIC BUTRENOIC AND BUTY R

Ceonpottand

Methyl-zamethyl-2-propenoate
Fthylz-methyl-z-propenonte
Propyl-cancthyi-2-propenoate
Butyl-z-methyl-2-propencite
Pentyl-z-methyl-2-propenoate
Hesvi-z-methvl-z-propenoate
Octvi-z-methvl-2-propenoate
Isopropyi-z-methyl-2-propenoite
Isobutyl-z-methyl-2-propenoite
Isopentyl-c-amethyl-2-propenonte

sthyl-z-butenniate
Prapyl-2-butenoite
Butyl-2-hntenoate
I'entyl-2-hutenoate
Hlesvi-z-hutenoate
Oletyvl-z-butenonte
Isopropyi-2-butenoante
Isobutyl-2-hutenonte
Isapentyl-2-hutenonte

Methyvl-2-butenoate
I~

Methyl- 3-butenoate
Fthel-g-butenoide
Propyl-3-hutenoate
utyvl- 3-butenoate
Pentyl-3-hutenonte
Hlexvl- g-bhutenoate
Oectvi-g-hutenoate
Isopropyl-3-hutenoate
Isobutyl-3-butenonte
Isopentyl-z-bntenoite

Methy] butvrate
Ethyl hutyrate
Propyl hutyeate
Butyl butyrite
Prentyl bhutvrate
Hlexyl butyrate
Octy] butyrite
Isupropyl butyrate
Ixobuty] bhutyrate
Isopenty! butyrate

Methel isobutyrate
Iithyl isobutyritte
P'ropyl isobutyrate
Putyl isobutyrte
Pentyl isobutyrate
Texyl isobutyrite
etyl isobutyrite
Tsupropyl isobutyrate
Tsobutyl isobutyeate
Isopentyl isobutyrate
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ACTD ESTERS
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and pola?? stationary phases. On non-polar phases the bhehaviour of the esters
wis analogous to their boiling points and o decrease in retention with respect to
the saturated exter was apparent. The eftect ol increasing the polaritye of the stationary
phise was toinercase the retention of the ansaturated ester with respect to the
saturated one.,

The present work reports the retention bhehiaviour of the -alkyl e<ters of the
three series of izameric hutenoie acids, Zeo frans-2-Dutenoate esters (erotonite
e~ters), g-bntenoate esters ovingl acetio acid esters) and Z2omethyvb 2-propenoate
esters imethaerviate esters) on polvsiloxame <stationary phases of inereasing polar
charieter

FENPEIIMENT A

Dreparalion of esters

The esters where available were of commercial qualite and ol substantial
prurity, The remainder of the esters were prepared using esterification or transesteri-
tieation procedures swith an acidic jon-exeliange resin as ciatalvst,

Chromatogra phiy

The retention data were obtained isothermally at 150 u=ing v2 1o - 0 i,
O D aluminium columns packed with ro v, stationary phiase on o So mesh aeid
wirshed and silanised Celite 500, The equipment, conditions and calibration proee.
dures were as previousiv reported!!,

The retention datic of the esters exanmined as shown in Table Tas net retention
(1°g). velative retention (1) using nonane as standard, and as retention indices o7 ).

The =tationary phases used in order ol increasing general polar character were:
() Grensil Szrio, methyl (zo L) stearovt (30°0) polvsiloxane: (b)Y OV-r, dimethyvl
polyvsiloxane: (¢) OVerz omethyl (50 7,) phenyl (30 70) polysiloxane: (d) 85, phienyd
polvsiloxane, methyl (159)) phenyl (850, polysiloxane: (¢) OV-zro, methyl (50°,)
trittunropropyl (s50v,) polvsiloxane: () NT-1130, methyb (30 20) evanocthyl (30 °,)
polvziloNane,

The Gensil Sz2r1h was provided by General Silicones Pty Loeds Chintswoud
N.SAV, and the 80, phenyvl-suabstituted polysiloxane was an experimental prodiet
provided by the Ohio Valley Specialty Chemical Coo The physical eharacteristies
and Rohresehneider Constants of these materials hive been deseribed previonsiets,

DISCUSSTON 07 REESULTS

The retention behavionr of the isomerie hutenoie aeid esters is shoswn in g, o
where plots of the logarithm of the relative retention of the esters ersps the number
ol carbon atoms in the aleoliol chain (IR7) are shown determined on stationary phiases
of varving polar character, The alcobol chain Tength (R is the carbon number of
the esterifving aleohol as previousiy deseribed D similavliy the acid chadin length
(1Y) is the carbon number-of the parent acid less the carbon atom associnted with
the carbonyl group with the butenoic acids R is cqual to three,

On the non-polar phases OV-1 and Gensil Sz (Figs, racand b)) considerable
viarintion in retention of the three series of isomers is apparent, The 2-hutenoié acid

S Clirowatogr., G2 (1ag71) 30 45
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44 Jo ReASHES, J. K HAREN

esters exhibit o marked incerease in retention when compared to the other esters,
This was expected from o study of the respective boiling points!?, as the z-hutenoic
acid esters were at least 2o higher in boiling point than the other isomers, This
lirge ditference could not be attributed to the presence of conjugition which would
result in o higher polarisability of the system, as the z2-methyl-2-propenoic acid
esters and the eis-isomer of the 2-butenoic acid esters had boiling points similar to
the j-butenoje acid esters, Tt was apparent that the boiling points were etffected by
the shape of the molecules and the resultant sterie hindrance. The 3-butenoic,
z-methyl-2-propenoic and the e/s-2-butenoic acid esters (retention data of the latter
ester serics were not available, however the boiling points of the acid and ethyl
ester were') were all capable of forming compact molecules due to rotation around
the single bond in the acid chain, This would result in a reduction in the surface
arcit of the molecule and its cohesive forees!. Similarly screening of the carbonyl
oxyvgen by the acid chains in the ester series! was possible which again would result
in o lowering of the boiling points of these esters, The trans-2-butenoic acid esters
were the only series of esters where rotation of the acid chain did not affect the
shape of the molecule or sterically hinder the carbonyl oxyvgen group and henee
is i likely reason why their boiling points are higher than the other isomers,

The effect of stationary phase polarity on the ester series is shown in Fig, 1
where the polarity of the phases increases from the non-polar Gensil 82110 to the
highly polar NTF-r150 stationary phase,

The polar substituent in the stationary phases varied in nature from the elee-
tron—donor phenyvl group to the clectron-acceptor cyvanoethyl or triffuoropropyl
groups. The effect of these donor and acceptor groups in the phases on the retention
of saturated esters has been previously discussed™, Tt is evident that the effect
of the substituents on the retention of the butenoic acid esters will be analogous
to that of the saturated esters as retention plots of the unsaturated ester series
examined here on acceeptor phases (Figs, 1e and ) have lower slopes than the plots
on non-polar (Figs. 1a and b) and donor phases (Figs. 1e and d).

Tt is apparent that as the general polarity of the phase increases the retention
of the {rans-z-butenoic and the 3-butenoic acid ester series increases with respect
to the 2-methyvl-z-propenoic acid ester series, even though the latter series is conju-
gated and should be a more polarisable svstem than the 3-butennic acid ester series,
It again appears that steric hindrance accounts for this unexpected behaviour,
The acid chain of the frans-2-butenoic acid esters cannot screen the carbonyl oxyvgen
and would be expected to be susceptible to change in polarity as it is a highly
polarisible system. The 3-butenoic and z-methyl-z-butenoic acid esters are capable
of screening the carbonyl oxvgen, however the 3-butenoic acid esters possess fewer
orientations where screening is possible and apparently are still atfected by changes
in column polarity. The 2-methyl-z-propenoates are likely to be sterically: hindered
to a greater extent than the other ester series studied here, due to their basic structure.
The resultant sereening of the carbonyl oxvgen is sufficient to prevent this polarisable
ester series to be as susceptible to changes in column polarity as the other butenoic
acid ester series.,

When the retention behaviour of the butenoic acid esters is compared with
that of the corresponding saturated esters e butyrates and isobutyrates, on columns
of varving polarity the retention behaviour is similar to that of the long chain fatty

. Chromatogr,, G2 (1a71) 30 45



RETENTION BEHAVIOUR OF ISOMERIC BUTENOIC ACHD ESTERS 45
esters in so much as the retention is increased as the polar character of the column
ix increased.

The 3-butenoie acid esters follow the usual pattern of the fatty esters where
on low and medivm pelarity columns, such as OVerz, the retention is lower than
that of the corresponding butyrate esters, while with phases of increased polar
character the retention is greater with the unsaturated esters,

The retention of the 2-butenoate esters is greater than that of the corresponding
butanoates on all phases, the inereases tending to be greater with inereased polar
nature of the phase. The increased retention of these compounds as compared with
the s-hutenoates is as widely reported with isomerie fatty esters?,

Retention of the esters of the branched chain unsaturated isomer follows
the patterie of the 2-butenoate ester, e inereases in retention being greater with the
more polar phases, ‘

WaLRAVEN!T and Warngaves of o/I% have shown that isomers of homologous
compounds form staggered parallel imbrication plots or roofing tile patterns for
ciwch carbon number when examined on two stationary phases, Tt has subsequently
been shown that lincarity occurs only when retention is an additive effect where
interactions are not significant® and as would be expected plots of the isomeric
butenoate esters do not produce plots that approach linearity.
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