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Derivatization of fatt)r acids with luhlormethyka~in for Ai*qrfomance 
liquid chwmatogr;tphy 

The determination of fatty acids by high-performance liquid cbromatograpby 
(HPLC), using a UV detector, is not practicable without prior derivatization because 
of their low W absorption. The application of cierivatizttion methods to H?LC 
analysis has been used widely for detection enhancement and also for improvement of 
cbromatograpbic p3~perties’~. 

A new rea5t for the derivatization of carboxylic acids with a bigb reactivity, 
l-chlormetbylisatin (UvB), has recently been described9s10 and applied to quantita- 
tive &in-layer cb.romrLtogzaphy IX_ Crown ethers were used as catalysts to shorten the 
reaction time. 

This paper describes the application of this derivatization method to the 
separatxon and determination of the isatinybnetbyl esters (IM esters) of fatty acids by 
HPK. 

ExPERIMENTAl. 

Apparatus 
A Perkin-Elmer liquid cbromatograph Made1 Series 2, equipped with a LC 55 

UY detector and a Perk&Elmer recorder 023, was used. Peak areas were calculated 
with a Perk&Elmer Minigrator 2, 

Separations were carried out on Hibar LiChrosorb Si 60 and Hibar RP-8 
@ankle size 10 pm) columns (25 cm x 4 mm I.D.) (Merck, Darmstadt, G-F-R-1. 

AII solvents and chemicals were of a~~alytical grade (Merck) Dimethylforma- 
mxde (DMF) was dried over a mokcular sieve and distilkd. CM1 was sy~thesked as 
previ,ousiy described*. The reference esters were prepared as described in ref. 10. 

Derivalizarion proceabes 
Method A. 20 nmol to 2 pm01 of a carboxylic acid were dissolved in a 1-d 

conical vial together with a LO-fold molar excess of CM1 and a 5-fold moJ% ~IIIOUI~ 
of dibenzo-18-crownd in dry DMF. A 50-fold amount of tiely powdered K.HC% . 
was then added_ The fmal volume was SO PI, The reaction &Sure was heated at 50” 
for 10 min, After cooling, 100 ,ul of water were added to anvert excess CM3 into 
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hydroxymetkylisatin @Ml). The solution was then extracted with 100 pl of chloro- 
form a‘nd as2 aliquot of 20 pl was injected onto the cuhnn. (Enecessaq, the chloro- 
form extract czm be concentrated or diluted to suitable volumes.) 

Method B. A lO-fold molar excess of triethyknine was used as catalyst instead 
of KHCC&crown effier. After heating at 50” for 45 min, the reaction mixture was 
treated as described in method A. 

RESULTS AND D?SCXJSSION 

The reaction scheme is shown in Fig. 1. The structure of the derivatives has 
been confirmed by nuclear magnetic resonance and mass spectrometq@. Several 
catalysts were tested. Crown ether-KHC0, shows some advantage over triethylamine 
(Fig. 2). Under mild reaction conditions palmitic acid reacts quantitatively v&h CM1 
under crown ether catalysis in less than 10 min. Method A is suitable for the determi- 
nation of small amounts of carboxylic acids. Smaller amounts of by-products are 
formed because of the short reaction time. Method B can be used for the preparaticn 
of greater amolrnts of derivatives. 

CH,-OH 

Fig. I. Scheme of the reaction of CMI with carboxylic acids. 
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Fig. 2. Infiuense of cztaIysts on the reaction time. V, triethylamine; O. K.HCO~E1enzo-lS-cr0~-6. 
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Excess CBB is converted into HM3 by treatment of the reacticm mixttge with 
water. Extraction with chIorofoKm is neQessary because detivatives of higher moZe&ar 
weight fatty acids are insokble in the reaction mixture. The extra&on, however, is 
quantitative, as comwtive experiments with au4~tic samples have shown. Further- 
more, the extraction dts in a cleaning up proazss and aa kctease in sen.sitiviQ, if 
the extract is concentited- 

The derivatives were separated on silica gel and reversed-phase wlum~s: 
Fig. 3 shows the separation of caproic, capryiic and captic acid derivatives. However, 

better separation of the isatinylmetbyl esters was obtained on RP-8 columns. Using 
2 linear watf2r-methanol gradient (I % methanoijmin), starting with 50% methanol, 
complete separation of 13 saturated aliphatic fatty acids between C, and C;, was 

achieved in iess than 1 h (Fig. 4). All isatinylmethyl esters are well separated from 
HMI. By-products formed by the decomposition of CMl interfere only with the 

3 

‘2 

~~~ I?- 

0 5 10 IS 20 25 3odn 

Fig- 3. Separation of tbnze IM esters. cO!umn, Hii LXbrosorb Si 60,25 cm x 4 mm I.D.; mobile 
phzrse, kxam+Aloroform (HkZO); flow-rate, 0.5 ml/m@ detection wavelength, 240 mn. 1 = Caproic 
acid; 2 = cap&k add; 3 = eapric acid. 

Fig. 4. Mixture of authentic IM esters. C&mm., Hibar RP-8,25 cm x 4 mm 1-D.: mobile p&se. 
methanol-water grad&& start&g with 543% methanol, smin isocratic. then linear increase of 
methanol (1 YJmin). Flow-ra!e, 1 ml/min; detection wavekgth, 240 nm, 1 = Formic acid; 2 = 
a~acid;3=propionicacid;j=n-butyricacid;S=n-~~acid;6=caproicacid;3=tep 
tanoicacid;8=capryliczcid;9=~pricadd;1O=~~~d;11 =myristicacid;l2=palmitic 
acid; 13 = stearic acid. 
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Fig. 5. (a) Separation of a inismie of unsaturated acids after reaction wiffi CMI. Column, Hibar 
RP.3, 25 cm x 4 mm I.D.; mobile phase, methanol-water (70:30), isocratic; fiow-rate, 1 ml/r&~; 
detection wave!eng&, 24Onm. 1 = 1-Hydroxymethylkatin; 2 = lholenic acid; 3 = lino!eic acid; 
4 = Olek acid. (b) Blank ZFzxtion IllLmKe. 

qmtitative determination of small amounts of short-chain acids up to C!,. Fig. 5 

shows the separation of some unsaturated fatty acids under isocratic conditions. The 
calibration ctmes show a good linearity (r = 0.9964.999). The relative standard 
deviation determined by reaction of 200 mnol of palm& acid (n = 6) was 1.8 %. If 
the reaction volume is reduced to LO $ the derivatization can be can&d out at t-he 
nanomole level. According to the high molar absorptivity of the esters (13,~15,000 
1 mole-l cm’l in nethanoI) tie detection lisnits are between 1 and 10 ng. 
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