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High-per5ormani e liquid chromatographic separation Of esters of 
4hydroxymethyL7-methoxy~oumarin 

A method for the determination of +lic compounds in the picomole range 
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4Bromomethyl-7-methoxy-coumarin (Br-Mmc) has been shown to form 
fluorescent es$ers with monocarboxylic acids [I,21 and a variee of other 
acidic compounds of biomedical int&es~ [3]_ Although carboxylic acids are 
readily measurktd by gasliquid chromatographic methods 141, a sensitive 
high-performapce liquid chromatographic (HPLC) me’r;hod: may nevertheless 
find cerf&in a~pkations. In this paper, methods are described .for the separa- 
tion of a series’of common fatty acids and of a barbiturate in blood as exam- 
ples for the application and the limitations of the,.metbod. 
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A V&an 8500 high pressure liquid chromatograph was usedin.combination 
with a Perkin-Elmer fluorescence spectxophotometer Model 204_and aJ?er&in- 
Elmer spectrophotdmek~ LC55 & detectors.~ Separzitions werea&ieved wikh 
methanol-water gradients, using a 25 cm long column wifh C,,-brushes on a 
lo-pm silica core (Nucleosil lOC-18; Macherey, Nagei & Co., DEiren, G.F.R.). 
(For details of the separation procedure see legends to the -es). 

Using a linear water-methanol gradient, 50-100s (A = 1% methanol/min) 
a mixture of the Mm&esters of the saturated unbranched aliphatic fatty acids 
between formic and- stearic? acid can be completely Separated -within 60 min. 
(Fig. 1A). Starting with 40% of methanol, a steeper methanol gradient (A.:= 
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Fig. l.HPLC~parationofMmc~rsofaliphatic,~turatedfa~acids.Eq~~m~~t: barian 
8500 high-p~. liquid chromatograph;,Column: 250 x -2.mm I& W&o+10 Cgs, 
B4ncIiirey NE@ t Co. Detector:Perkin-Elmer nuoroseence~~trophatbmeter'Model204, 
withloplf!ow-&lI.Fhlorescen ce activation at34O'nm andfluo&c@ticeemk&onm~~re- 
mentat 420 I&L (A) Misture.of authentic IKmc-esters(about0.i.mrioX&)of'forn&.akid 
(C,), acetic acid (C,)propio& acid (C,), n-butyric acid.(C,.),n-valerid acid (C,j;caytc 
acid (C,),caprylicacid(C,),capricacid(C,,),lauricacid(C,,),m~stic acid&) *tlC 
acid(C,,)andstearicacid(C,,). Separationconditions: 3 minelutionsvith6O'Xj~~e~ol, 
then linear increase of methmok(4 = l%/min). Flow-ratelmI/mhi. (B) GeMtion of a 
zactidn mixture Of-fatty adids with B&m&l0 &&f-&i& soluti15ti'&i&ed &prylic-acid 
(Cs; O.l6~nmoIe), tic-acid~~C,,;O;lCnmole);lauirc~~id~(C~,;0.12 nmole);niprigticacid 
(C1.G 0.12 nmoIe);pahniticacid(C,,; 0.17 nmole).~~:stearic~acid(~,~;O.l2mnOre). Sep- 
arationconditions:3 minelutionwith 40%mf$hano~~&eq]inPnr~~ ofmetimnol.(At 
2%/mkl). Flow-rate 1 ml]&.. (C) Bla+ .&action m&ure,&ntai&n~o&&gen~,'&lt no 
~ateya~~.Sep~~on~~~onsas~,(BE’-_‘-~- :_ .:.-- ‘. ’ -.. -_ ‘.: .h-: :: ‘.‘-’ :- 
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2% methanol/m&i) is still sufficient to separate within about 30 min all homol- 
ogues up to CL2 and the even-numbered members of the series up to C,p - II&$ 
er homologues of the saturated aliphatic fatty’ acids have not been included in 
these experiments. Side products of the derivative-forming reaction normally 
interfere under these conditions with the separation.of the first four members 
of the series so that only the fatty acids with C,, 5 am separable by immediate 
application of an aliquot of the reaction mixture to the reversed-phase column. 
It should be pointed out, moreover, that Br-Mmc, the derivativeforming re 
agent, elutes in this region as well. Although it is non-fluorescent, it- causes 
fluorescence-quenching, due to its relatively high concentration in the reaction 

. 
mhme . Fig. 1 B shows the separation of caprylic, capric, iauric, my&tic, pal- 
&tic and stearic acids, which were reacted with Br-Mmc in 0.275 nmole 
amounts. One fifth of the reaction mixture was applied immediately to the 
column. It is obvious from this figure, &d it was confirmed by mumerous 
repetitions of the reaction with amounti-of fatty acids varying between 60- 
275 pmoles, that the peak. areas of the Mmc-derivatives of the homologo& 
fatty acids, as recorded by fluorescence were not identical, howetier, they were 
readily reproducible. Even peak height measurements gave satisfactory quanti- 
tative results, if the time .of column equilibration with 40% methanol was’kept 
constant at 10 min. 

iELATIONSHB?S BETWEEN.. AREAS OF THE RECORDED PEAKS; SUBSTANCE 
AMOUNT AND LENGTH OF THB CARBON CHAIN 0F:THE AJXPiUTX FAT!lY ACIDS 

(For deta$x of the separation see legend- to Fig. 1). The figures in the t&l& are the mean 
values 5 S-D. (peak he&&t X yidth at half height) of four measure men& of four reactions. 
‘Rie amounts of the fatty acids refer to the amount present in the total reaction mixture. 

Amount of Carbon chain length 
fatty acid 

(mole) G C 10 C If C 14 c 16 C 1s 

-60. ,’ 72* l- 63i15 45+5 422 9 4729 18r 4 
180 1201 f 22 157 -’ 16 123.2 9 1122 9 :I.31 + 6 49* 5 
200 231i17..173!i5 .138,*10 128*7 144* 9 53.5 5 
276 -. 324-k 13 252 f i4 199 i: 11 187 ‘+ 10 2i)5‘* 14 762 1 

&~c&t be derived &m. the.: data .of -Table I, mean standard deviation in the 
range of. S-300 pmole .was.less than & 10%. The. recorded-peak &reas were 
mtly. propor$ional to. the : amounts. of fatty acidsin the reaction mixtures. 
Fig.,2 shov+s this for, caprylic and--palmitic acid. Fluorescence quantum yields 
of: the Mmc+sters have not yet beenestablished; II’he :ressons for the differ--- 
ences ..i& p&k ~ greas, &&kg derivatization with -equimolar ~amounts of the 
acids aret therefore not known : - :‘:. : ::_ .: : i .: ...I :, : -, . . . . _ : _. 

L&rother: example. of ,applicationof- the.-method ‘is-the .determination~~of a 
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HE- 2. Smw.~ph for Mmccapryl2$2 (C, ) and MUX-pahitate in the range of 6~~23s 
pmoks; (-Table I). 

barbiturate in blood.’ Since details of the extraction and derivatization with 
Br-Mmc, and thin-layer chromatographic separation have been described,161 
only the HPLC-separation of the exhct of a 40-~1 blood sample containing 
2 nmoles of barbital is shown (Fig. 3). The separation of a blood extract free of 
barbital (blank sample) shows that blood constituents do not interfere with 
barbital.separation. Absorbance recorded for the same sample showS the higher 
sensitivity of ‘the fluorescence measurement. PnGminary results with IIPLC 
separations of the Mmc-derivatives of some prostaglandins are promising. Due 
to its high afiinity for the reversed-phase used in the present work, Mmc-arach- 
idonic acid was eluted only with methanol, well behhid pahnitic acid. Its 
separation from other fatty acids by this method should render a simple and 
sensitive procedure for its estimation. 

DISCUS&ON : 

Mmc-esters are the first fluorescent derivatives suited for liquid chromato- 
graphic determination of acidic compounds 17,8]. AhSough their properties 
allow thin-layer chromatographic separation, a system which avoids exposure 
to light on an active surface is preferable, .especially since Br-Mmc is rapidly 
decomposed under these conditions to fluorescent products. HPLC was the& 
fore the method of choice. It is shown in the present work that a simple, rapid, 
reproducible separation system-is suitable for the estimation of Mmc-clerlva- 
tiwes. Since the derivatization reaction can be scaled doti to ir reaction volume 
of 5 ti it is possible to determine a few picomoles of the derivatized come 
pounds. !Ihis range of sensitivity is comparable with advzuicedgtiquid izhro 
matographic methods; it is considerably-higher than the post: column petition 
with C+(W) in combinatidn with UV absorptimetry or -fluorime* : [S J ;',%he 
strmgiy absorbing p-bromo-@henacyl- esters [S, 103 aud the ;p-nitrophenacyl 
esters 111; 12 J sre detectable in 0.1 nmole amounts.-Dansyl derivatives of.b& 
biturates c&n be estimated at a comfiarable- level of sensitivity~ as their lldinc- 
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Fig. 3. Determination of barbital in a 40-~1 blood sample, by extraction and derivatization 
with Br-Mmc. (A) Blood ssmple without barbital (blank); (B) blood sample with 2 nmoles 
barbital. The reaction volume was 5 ~1 and 2 al of the reaction mixture was applied to K-iPLC 
separation. Separation conditions: linear water-methanol gradient, starting with 65% meth- 
anol (A 2%/min); flow-rate 1 ml/min. After the app earance of the bis-Mmc-barbital peak 
(13 min) the methanol concentration is rapidly incressed, in order to wash out impurities 
fkom the column. (See also legend to Fig. 1 and Materials and methods). 

derivatives [13]. It should he mentioned that UV detectors are well s@xxi to 
monitor (at 340 nm) Mmc-derivatives. The sensitivity, as compared with the 
fluorometric method, is lower by about one order of magnitude, if a fiow cell 
of 10 mm path length is used (Fig. 3). 
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