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Chromatographic analysis of isomeric isovalerate and isoamyl wax estem 

The occurrence of isovahrate was esters of long-cllnin fatty alcol~ls in tl~e 
head fat of the Atlantic bott h-nosed dolphin (7’wsioj~~ Irrwcnlm) WLS first reported 
in 1930 by GILL AND TUCKER I. Similar isovalcratc esters hove since been rcportcd 
in the had fats of other genera of the Dclphinidae family such as the pilot whale 
Globiccpllnln m&lcmw and S’olalin ,hcviatih’s”, Iicccntly, \~ARAX'ASI AND RTALINS~ 

identilied n small quantity of isoamyl alcol~ol in addition to larjic amounts of iso- 
vnlcric acid in the was esters of Twsioj~s gilli jrtw fat. This isoamyl alcolwl is prc- 
sumnl~ly csterilicd to long-cllain fatty acids, indicating the prolx~ble csistcnce of 
isomcric \v;~s esters having the same number of carbon atoms but with the structures 
of the fatty acid and fatty alcohol chains rcverscd. For example, two such isomcric 
wax esters might be liesaclccyl isovalerate (n-16: 0 1 ho-5 : 0.) and isoamyl palniitnte 
(,iso-g : 0 1 ?t-16: 0). 

As part of our studies of Odontocete hcacl fats to dcterminc if their unusual 
cllcmical structure migllt be rclatccl to their role in ccllolocntion~, WC have devclopcd 
new chromatographic proccdurcs for the analysis of individual isovalcrnte and isoamyl 
was ester isomers. Our espcrjments show that isovalerate and isoamyl ~1s esters 
can be sepxratcd from other lipids and from was cstcrs of higher carbon number by 
thin-layer chromatogrnphy (TLC) on silicic acid. Isomcric isovalerate and isoamyl 
forms can then bc fully resolved by gas-liquid chromatography (CLC) on polyester 
capillary columns. 

Pure mctliyl esters of ?&-If : 0, ,lt-Iz : 0, a-13 : 0, iso-14: 0, ,rr-I.+: 0, mh_ziso-15: 0, 
+r5:0, iso-IG:o, ~rt-I6:0, 16: Imy, nJ&2iso-17: 0, 1s: Icrq arid 20: Img fatty acids were 
purchased from various commercial sources. These Wcrc converted to isoamyl esters 
by KON-catalyzed alcoholysis7 with isoamyl alcohol ancl purified by prcpwative 
TLC. h mixture of isoamyl esters of 18-16: 0, N-IS: 0, 18: 109, IS: 20~6, and IS: 3~03 
was prepared from linseed oil in the same manner. The analogous isovalerate was 
esters were prepared from the same startin g materials by first reducing the esters 
to fatty alcol~ls with LiAlH,,. Isovaleroyl anhydride was Ixepared from isovalcric 
acid and dicyclollesylcarbodiimidc R. The isovalerate esters were then synthizcd by 
dissolving the fatty alcol~ols and cxccss isovaleroyl anhyclricle in pyricline, heating in 
sealed ampules for 3 11 k1t IOOO, partitioning the product lxtween equal volumes of 
petroleum ether and acetonitrilc, recovering and evapora.i-ing the petroleum ether 
layer, and purifying the was ester product by preparative TLC. 

The isovalerate and isoamyl wax esters can be separatccl from common C,,-C,, 
wax esters such as n-16 : o 1 WIG : o by TLC on silicic acid (Fig. I). This resolution of 
wax esters into CG- and non-C,-containing components by TLC is not uncspccted, 

l ‘L%c ununl shortl~aml namcnclaturc for fatty ncicls zmcl latty ;rlcohol is cibaitr lcrlgllr : urrw6cv 
of dorrblr Do~rtls CIJ posz’liow of last do~cblc board vclalivc lo lrvrrrirrnl ~rtc*tlry/ grcnrp. This terminology 
has been cstonrlcd to wn.s cstct’e using tho convention nlcolrol[acid. 
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since we im\‘c prcviousl~ demonstrated tilt TLC fractionation of beluga wlialc tri- 
glycerides on tlic basis of their isovalcrate content 0, The isovalerate and isoamyl was 
cstcrs have the lower RI.- value, no doubt bccnusc the smaller bulk of the C, clmiu 
allows stronger adsorption of tllc cntcr group by the- silicic acid than a longer lqdro- 
cnrbon cllain permits. As one would predict from tlwir similar structures, the isomeric 
isovnlcrate and kc-mm~l was esters have identicnl RI.* values in TLC. 

HEXAOECYL ISOVALERATE 

ISOAMYL PALMITATE 

J-COMPONENT MIXTURE 

HEXAOECYL PALMITATE 

Izigs 1 I licsoluti0rr of isovalcrntc and isonmyl was cstcr’s Crow long-chin was cstcrs by 'l:LC on 
silicic wicl. Opcr~itin~ ccmclitions : 200 X 200 nini TLC plate coMxt1 with 0.25 IYIIII Iaycr of Ad- 
sorbosil-I imprcgn:ltccl with o,o.+“A, 131~0cli~niiric OG: 
cthcr (9.5 :5): spots visu~~lizccl unclcr U\' light. 

tlcvclopccl once in ptrolcuni cthcr-tlicthyl 

Isomcric pairs of isovalerate and isoam~l was esters can be fully resolved by 
GLC on a .+G 111 x o.z5 rum I.D. cnpillar~ colun~n coated with dicthyleneglycol suc- 
cinate polycstcr (DEGS). Typical results are shown in Pig. 2, The isovaleratc? isomer 
clutes before the isoam)tl isomer in each wsc. Sin&w results were also obtained on 
capillary coluu~ns coated with lmtnnediol succinnte polyester or Apiezon L, but 
only shoulder peaks were observecl when isomer pairs were chronmtograpl~ed on a 

Is:0 ISOMERIC WAX ESTERS 

0 ISO-5:O ACID 
16:O n ISO*S:O ALCOHOL 

AISO- l7:O 

Fig, ‘2. Resolution of isonicric isovalorutc and iaoanivl was cstcrs by GLC on a cal)illary column 
coatccl u$th DEC;S polpvdw, Opcmtiny conditions: 4.0 111 x o.ag nm I&. capillary coli~nin contcd 
with dicthplcneg~ycol succinatc polpcstcr: column tcniprmturc, 150”: 60 p.s,i.g, hcliutn cnrricr 
carrier gas; Pcrltrll-ltlnlcr JIocbA 226 gss chronlntogr;rph. 
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pa&cc1 DEGS column (r,Yg m x 2,s mm I.D,. IO ‘z/o DEGS on So-100 mesh Chro- 
mosorb W, x60”). Obviously the higher resolution of capillary columns is essential 
for complctc separation of these isomers. 

Equivalent chain Icngt11 @CL) values 1’) for all isomers analyzed are reported 
in Table I. Tlicse liuve been cnlculntcd on two diffcreut bases: (i) relative to the 
isovalcratc esters of It-fattv ulcol~ols, the usual l~m~ologous scrics of was esters found 
in dolphin lloild fats ; and (ii) relative to +mctllyl cstcrs, the more co~nmonly avnilable 
GLC standards usecl in lipid analysis. As cspcctecl, chain structure homologies can 
bc clen~onstrzttccl by a semi-log plot of carbon number 1~s. retention time. 

rsguxv,\l.lssT Cll,\IN LI~NCXII VAI.IJl3.S FOR ISOVd\LIsI~A’CIE AXIJ ISOALIYL WhS IZSTBRS ON A b!%.;s 

l’oLsr~B’rIsI~ C,\I’ILLhRY CclLUP1N 

KT, values calculated on eitllcr basis show an nvcrage cliffcrcnce between the 
isovalcratc and isoamyl isomers of 0.17 units, Isovalernte was cstcrs elute 2,+-2.6 

units nud isoamyl esters z,G-2.S units beyoncl the corresponding methyl ester having 
the same long-chain moiety. The actual cnrbou nunlbcr differcnce between ~7, methyl 
ester nud n C, ester is 4.0. but the branched structure of tllc C, chain considerably 
reduces its effect on the ECL value 114 The diffcreuce between the methyl and the C, 
ester ECL vnlues varies, with tllc particular DEGS column employed nucl often (as 
here) increases with increasing ester chin length. kX~&~AN1l has previously noted 
that /I-methyl substitution in fatty acid cstcrs lins a non-uniform effect on their 
ECT, values. 

Fig. I nnd the ECL dntn in Table I show that it is possible to separate any pair 
of isovaleratc and isonmyl WRS ester isomers such ns ,rc-16: 0 1 iso- : 0 n11cl ~is0-g : 0 1 ?Z- 
x6:,0 with baseline separat;on on n 46-m DEGS capillary column Irving a resolution 
of > 25,000 theoretical phes (for methyl palmitate). However, the would probably 
be some overlapping pc7l c .s when comples isovalcrate aud isoamyl was ester mistures 
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were annlyxecl, Prior frnctionatiott of was esters by Ag+ TLC would lx helpful in 
elitnitwting overlap between saturated and unsnturnted molecules; but Delpltinidae 
Itencl fats mainly contnin snturatecl was csterPh, so it is the overlap antotifi each set 
of sis possible isotneric iso-, n~w!diso-, and It-chin esters tltnt is most crilical. If all 
sis isomers of the same carbon number wcrc cltromatoRrapltcd togctltcr, five pealcs 
would be resolved. 130th esperimental work and ECL calculations from Table I show 
tltat the ~iso-5 : 0 1 iso-S :uicl n?l.li:iso-S 1 iso- : 0 isomers elute togctltcr and cannot be 
distinguished. I!ortunatclg,, however, vcr\* little fntty :~lcoItol with tltc nw!ciso chain 
structure Itas been found tn the IMpltiniclae head fat wns esters esamined so fart-fi. 

Application of tlle abovc TLC and GLC separation tecllniqucs to the was esters 
found in tlic jaw fat of tile Atlantic bottle-nosccl dolphin (T~twsi0p.s trw~icnlrrs) ltns 
resultccl in only a partial identification of the molecular spccics present. Major CLC 
peaks rcprescnlinji tile isovaleratc esters af long-chain fattv alcoltolw are present, 
and minor l>ea!ss llnving tile satnc rctcntion times as some isonmyl was cstcrs are 
seen, Hcwe\‘cr’, nutncrous other unidcntifiecl I)c~tl<s also appear in tllc clnwtnnto~ram; 
and tvork is now in progress to iclenlify these. 

This ittvestigatiotl was supportccl in part by px.iits from the National Science 
l~oundation (G13-30553) and the Rutgers University Research Council, 


