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SUMMARY 

A system for the high-performance liquid chromatography of carboxylic acids 
using +bromomethyI-7-acetosycoumarin (Br-Mac) as the fluorescence reagent is de- 
scribed_ Br-Mac reacts with carbosylic acids to give the ester derivatives. which are 
separated using reversed-phase liquid chromatography_ The eluate from the column 
is mixed with an alkaline solution_ The labelled carboxylic acids are hydrolysed to the 
fluorescent coumarin derivatives. which are introduced into a flow-through fluorim- 
eter. In this system, the fluorescent hydrolysate, equimolar to a carboxylic acid. is 
detected and this fluorophor is common to every carboxylic acid. Only a slight vari- 
ation is found in the peak areas for various carboxylic acids. A gradient elution 
technique is effectively used in this system because the fluorescence quantum yield of 
the fluorescent hydrolysate is not affected by the constitution of the mobile phase. 
Low femtomole levels of carboxylic acids can be detected. 

lNTRODUCTlON 

In general, non-aromatic organic acids do not produce strong fluorescence or 
absorption in the ultraviolet or visible regions. Therefore_ derivatization with suitable 
labelling reagents has been used for the sensitive determination of carboxylic acids. 

Recently 4-bromomethyl-7-methoxycoumarin (Br-Mmc)‘-3. 9.10-diamino- 
phenanthrene* and 9-anthryldiazomethane5.6 have been reported as fluorescence 
reagents for labelling carboxylic acids. When these reagents are used as pre-column 
labelling reagents for carbosylic acids, it is generally presumed that the smaller the 
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molecular size of the labelling reagent. the better the separation of the labelled car- 
boxylic acids would be. Therefore, Br-IMmc seems to be the most suitable of the 
above reagents for the analysis of carboxylic acids by high-performance liquid chro- 
matography (HPLC). 

The tluorescence quantum yields of carboxyiic acids labelled with Br-Mmc are, 
however, severely influenced by the solvent environment’_ 9,1 O-Diaminophenan- 
threne is also subject to the same solvent effect*. It is therefore considered that a 
gradient elution technique could not be used effectively for the HPLC separation of 
carboxylic acids labelled with these reagents_ 

Further_ a wide variation of the fluorescence intensity of the carboxylic acid 
iMmc esters was found with equimolar amounts of different carbosylic acids7. Ac- 
cordingly- various kinds of carboxylic acids could not be determined sensitively with 
Br-Mmc. 

In this paper. a fluorimetric HPLC method for carbosylic acids using Br-Mac. 
which does not suffer from the above disadvantages. as the pre-cohrmn labeling 
reagent is described_ 

ESPERIMEXTAL 

All reagents were of analytical-reagent grade. The carbosylic acids and acetone 
vvere obtained from Wako (Osaka. Japan). Acetonitrile for use as the mobile phase 
was purchased from Kanto Chemicals (Tokyo, Japan) and was distilled prior to use_ 
Dibenzo-I S-crown-6 was purchased from Aldrich (Milwaukee, WI. L’.S.A_) and 
ODS-6013 ( 10 /lrn) from Kyowa Seimitsu (Tokyo. Japan)_ Redistilled vvater was used 
throughout. 

The coumarin derivatives related to Br-Mac vvere prepared according to the 
method of Baker er trl.” with some modifications. 

Br-Mac was prepared according to the following method. /2-Methylumbel- 
Iiferone (50 g) was retlused with acetic anhydride ( 100 ml) for 1 h_ After cooling, the 
resulting mixture \v;fs poured into cold water (500 ml)_ The solid product (4methyl-7- 

acetosycoumarin) NXS filtered. dried and recr)-stallized from ethanol. A misture of I 
methyl- 7-acetosycoumarin ( IO 9). X-bromosuccinimide (9 g), a small amount of z,z’- 
azobisisobutyronitrile and carbon tetrachloride ( 100 ml) were retlused for 20 h and. 
after cooling, the solvent vvas removed itr WC’ZIO. The residue was washed with water. 
filtered and dried. Recrystallization from ethyl acetate and cyclohesane gave pure Br- 
Mac. m-p. IS&ISS’C. The purity of the product vvas checked by HPLC and the 
structure of Br-IMac vws confirmed by elemental analysis and infrared. ultraviolet 
and nuclear magnetic resonance spectroscopy_ 

The apparatus shown in Fig. 1 was constructed. All parts vvere obtained from 

Japan Spectroscopic Co_ (Tokyo_ Japanj. For the separation of the labelled car- 
bosylic acids. a TRI ROTAR I high-performance liquid chromatograph equipped 
\vith a Model GP-A30 solvent programmer was used. HPLC separations were carried 
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Fig. I. Schematic diagmm OF the spplrarus in the fIow system. GP = Gradient proprnmmer: P,.PI = 
pumps: IP = inject port: C = column; CTC = cbnstant-temperature circulator (5O’C): MC = mixing 
coii: D, = spectrolluorimeter; DZ = UV detector (connected only in the study of Br-IMac reactivity): 
R = recorder. 

out with a stainless-steel column (250 x 2.1 mm I.D.) packed with ODS-6013 (10 
i(m) by a balanced-density slurry packin g method. The temperature of the column 
and the mixing coil was maintained at 50°C. The operating conditions for HPLC are 
shown in Fig_ 5. A Model FP-110 fluorescence spectrofluorimeter (excitation 365 nm, 
emission 460 nm) and a Model RC-225 strip-chart recorder were used. In the cs- 
amination on the reactivity of BR-Mac with carbosylic acids, a UVIDEC 100 UV 
detector monitoring absorbance at 250 nm was introduced before mising with an 
alkaline solution using a Model LCP 150 liquid chromatographic pump, and hy- 
drolysis was performed through a coil made of 10 m x 0.5 mm I.D. stainless-steel 
tubing_ 

The fluorescence intensity of the coumarin derivatives related to Br-Mac was 
measured with a IModel RF-510 spectrotluorimeter (Shimazu Seisakusho- Kyoto. 
Japan). 

Each carboxylic acid (0. I-20 nmol). a 2.5fold molar excess of Br-Mac and an 

equimolar amount of dibenzo- 1 S-crown-6 were dissolved in 50 1~1 of acetone and the 
mixture was placed in a @ass ampoule containing about 3 mg of a finely powdered 
mixture of potassium hydrogen carbonate and sodium sulphate ( 1: 1) The ampoule 
was sealed and heated for 30 min at 50°C in the dark. After cooling, an aliquot of the 
resulting solution was injected on to the column. 

Since Diinges and co-workers’.’ used Br-1Mmc as the fluorescence labelling 
reagent for various carbosylic acids, HPLC methods for organic acids using this 
reagent have been esaminedY-r3. Recently other Ruorescence reagents such as 9. IO- 
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diaminophenanthreneS and 9-anthryldiazomethane5*6 have tien reported_ In com- 
parison with these reaents for precolumn labellin,, a Br-Mmc might be more suitable 
for the separation of labelled carboxylic acids, because it has the smallest molecular 
size_ The fluorescence quantum yields of the carboxylic acids labelled with Br-Mmc 
are. however- subject to the solvent effect’_ It has also been shown that 9,10-dia- 
minophenanthrene had the same propertyJ. Therefore. a gradient elution technique 
could not be used effectkely with these reagents_ in addition. it was reported that the 
fluorescence intensity of the carbosylic acid Mmc esters depended on the kind of 
carbosylic acid residues’. In this instance. various kinds of carbosylic acids could not 
be detected with high sensitivity usin, a Br-Mmc. An initial effort was directed to 
overcoming these problems and to develop a fluorescence reagent without the defects 
mentioned above. 

TABLE I 

RELATIVE FLUORESCENCE IXTESSITIES OF COtJhlARIK DERIVATIVES 

h& 
I ~nnoi ofsrtch compound aas dissoI\rd in 10 ml ofthr solution sho\rn and thr Huores~axx intensity \v\‘its measured 
at the w\&ngth of the cxcitution and emission maxima. The ra.tIts art’ gilen in arbitrary units. 

Table 1 gives the relati\c tluorescence intensities of several coumarin deriva- 
ti\cy with ditt‘erent substituent groups at the 4- or ?-position in various solvents_ Each 
tluorescence intensity was measured at the wavelength of the cscitation rend emission 
maxima. A substituent group at the i-position in coumarin greatly affects the lluo- 
rescence quantum yield. lvhcreas one in the 4-position has hardly any effect. The 
presence of an electron-donating group such as a hydrosy group tends to enhance the 
fluorescence intensity of the 7-hydrosy derivative. which is increased by makinp the 
pH of its solution more alkaline_ The coumarin derivatives with acetosy groups in the 
i-position show strong fluorescence only in alkaline solutions. This phenomenon 
seems to be due to the hydrolysis of the acetosy group to a hydrosy group. Based on 
these results_ Br-Mac \vas adopted as the pre-column labelling reagent for carbosylic 
acids. 

The reaction of Br-Mac \vith a carbosylic acid and the principle of the detec- 
tion system are shown in Fig. 2 compared with those for Br-_Mmc. With all of the 
iiuorescence reagents reported previously. the reagent is allowed to react with carbos- 
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Fig. 2. Schemes for the reactions of carboxylic acids with Br-Mac and Br-Mmc and the analytical systems. 

ylic acids first and, after column separation, each carbosylic acid labelled with the 
tluorophore is detected_ Therefore. the fluorescence quantum yields tend to be in- 
fluenced by the carboxyhc acid residues. The fluorescence intensity of carbosylic acids 
Iabelled with Br-Mmc varies with the kind of carboxylic acid’ and therefore different 
carbosylic acids could not be detected with similar sensitivities. 
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Fig. 3. Variation of the fluorescence intensity of the 7-hydroxycoumarin derivative with the concentration 
ofacetonitrile in borate buffer. 4-Methyl-%acetoxycoumarin was dissolved in acetonitrile (I {cmol:ml). To 
I ml of this solution, 5 ml of aqueous acetonitrile solution and 0.1 &f borate buffer (pH 11.0) were added 
to give a total volume of 10 ml. Afterheating for 30 min. the fluorescence intensity was medsurcd at the 
wavelength of the excitation and emission maxima. 
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On the other hand, Br-Mac reacts with carhoxylic acids to @ve the ester deriva- 
tives. followed by HPLC separation_ After separation, each compound is hydrolysed 
by addition of an alkaiine solution_ and then the resulting fluorescent compound is 
introduced into a spectrofluorimeter. Therefore, the fiuorescence intensity is hardly 
influenced by the kind of carboxylic acid because not only the fluorescent hydro- 
lysate, equimolar to a carboxylic acid, is detected, but also this fluorophore is 
common to all carbosylic acids. Further, the alkaIine hydrolysis produces- a much 
stronger fluorescence of the hydrolysate. For these reasons, highly sensitive detection 
of different carbosylic acids by HPLC using Br-Mac could be expected. 

Fig. 3 shows the relationship betbveen the fluorescence intensity of 4-methyl-7- 
hydroxycoumarin and the concentration of acetonitrile in alkaline solution. The fluo- 
rescence intensity was almost constant over the range of acetonitrile concentrations 
investigated_ This result indicates that the detection system using Br-Mac might not 
be affected by changes in the acetonitrile concentration.’ Thus. a gradient elution 
technique could he used effectively in this system. 

The results of the investigation of the hydrolysis time necessary for hydrolysis 
of the acetosy group to a hydroxy group are shown in Fig. 4. To an aqueous acetoni- 
trile solution of krboxymethyl-7-acetoxycoumarin was added borate buffer (0.1 
Jf, pH 11.0) and the mixture was pumped to the spectrofluorimeter. The fluorescence 
intensity became constant after I-2 min. which suggests that the hydrolysis of carbox- 
ylic acid Mac esters proceeds to completion in this period. Therefore. a coil of length 
10 m is sufficient to hydrolyse the IMac esters when tubing of 0.5 mm I.D. was used at 
a ilo\\--rate of I-2 ml,‘min. 

Time ( min ) 

-i_ Hydrolysis rate of ~bos)me:hyl-7-acrrolycoumarin. To ml Of 

acetorycoummin in acetonitrile (0.5 mmoi/ml). IS ml of acetonitrile and 10 ml of water were added. This 
solution was mixed with 0.1 M borate buffer (pH 11.0) and pumped through the spectro~uorimeter. 
keeping the temperature at 50-C. 
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TABLE II 

REACTIVITY OF 4-BROIMOIMETHYL-7-ACETOXYCOUMARIN WiTH DIFFERENT CARBOX- 
YLIC ACIDS 

Carbo_yIlic acid ReacriSfJ* Carbos$ic acid Reaclirif_v* 

Alipimtic curbox-slic acids: 
Saturated monocarboxylic acids: 

Formic acid 
Acetic acid 
Propionic acid 
Butyric acid 
Isovalrric acid 
Caproic acid 
Caprylic acid 
Capric acid 
Laurie acid 
Palmitic acid 
Stearie acid 
Arachidic acid 

Unsaturated monocarbosylic acids: 
Oleic acid 
Linoleic acid 

Dicxbosylic acids: 
Succinic acid 

+ 
+ 
+ 
t 
i 
f 
i 
i 
+ 
-i 
+ 
i 

+ 
i 

f Barbital 

Adipic acid 
Hydrosycxboxylic acids: 

Lactic acid 
Malic acid 
Cirric acid 

Ketocarboxylic acids: 
Pyruvic acid 
z-Keto&nnric acid 

Trichloroaceric acid 
Aromatic curbos_vfic acids.- 

Benzoic acid 
Phthalic acid 

Salicylic acid 
p-Hydroxyphenylpropionic acid 
p-Aminobenzoic acid 
o-Aminobcnzoic acid 
Picolinic acid 

-i 

+ 
i- 
- 

- 
- 
- 

+ 

* + indicate carboxylic acids that give peaks with both UV and fluorescence detection; - indicate 
carboxylic acids that _gire neither a UV nor a fluorescence response_ 

In order to investigate the reactivity of Br-Mac with various carbosylic acids, 
each carbosylic acid listed in Table It was allowed to react with Br-Mac under the 
conditions described under Deriwtization. The resultin_g solution was subjected to the 
chromatographic investigation. From the data shown in Table II. it is considered that 
the reactivity of Br-IMac is very similar to that of Br-Mmc. 

Fig. 5 shows the separation of fatty acid Mac esters (C4-CzO) using a sadient 
elution technique_ A graph of peak area sersus the carbon number of the fatty acids is 
shown in Fig. 6. Only a slight decrease in the peak areas occurred when the carbon 
number increased, which indicates that with Br-Mac the fluorescence intensity is 
hardly related to the kind of carboxylic acid. unlike Br-IMmc, and remains almost 
constant in spite of the variation of the acetonitrile concentration by using a gradient 
elution technique_ As espected in the study using the compound related to Br-Mac. it 
was found that the fluorescence quantum yields of the hydrolysates of carboxylic acid 
LMac derivatives were hardly affected by the constitution of the mobile phase. 

To ascertain the detection limit. the sample used in the experiment in Fig. 5 was 
diluted successively with acetone and injected on to the column. Fig. 7 shows a 
chromatogram in which each peak corresponds to 200 fmol of a fatty acid. Consider- 
ing the s&al-to-noise ratio, the detection limit is about 10 fmol_ A further improve- 
ment in the sensitivity might be possible with optimization of the reaction and HPLC 
conditions. 
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fig. 5. High-paformancr liquid chromato_gam of the Br-hlac derivatives of linear saturated fatty acids. 
I=C - 7 - CC& 3 = CC,& -I = CC,,, 5 = CC& 6 = C,,, 7 = CC,,+z S = CC:,, Operating 10‘ - - 
conditions: cohunn_ 250 x L I mm ODS-601Z ( 10 -urn): column and mi_xing coil temperature. 50 C: mobile 
phase_ ;~queous acetonitrile solution 20 p, (O)-90 3, (99)_ The gradient was prepared by use of a Model CP- 
X30 soltent prozgmnmer (Convex 1. X! min); ilow-rate. OS ml.min: alkali flow-rate. 0.4 ml,min: detector_ 
spectronuorimeter (excitation 365 nm. emission 460 nm). 

Compared with HPLC using other fluorescence labelling reagents, the present 
sy-stem with Br-Mac has se\-era1 advantages. The fluorescence intensity depends nei- 
ther on the kind of carbosylic acid nor on the concentration of acetonitriie in the 
mcbiIe phase_ In this system_ a gradient elution technique can be effectively applied. 
Lo\\- femtomole leveis of carboxylic acids can be detected. Methods for the determi- 
nation of the organic acids involved in inborn errors of metabolism, bile acids and 
prostagandins are at present under intensive investigation. 
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Fig. ti_ Variation of peak area with carbon number of linear saturated fatty acids. 
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Fig. 7. High-performance liquid chromatosdm of Br-Mac dcrivativcs of linear saturated fatty acids. Each 
peak corresponds to 100 fmol of a fatty acid. Operating conditions and peaks as in Fig. 5. 
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