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The fluorogenic derivatization method for aryl halide was developed for the first time. This method was
based on the formation of fluorescent biphenyl structure by Suzuki coupling reaction between aryl halides
and non-fluorescent phenylboronic acid (PBA). We measured the fluorescence spectra of the products
obtained by the reaction of p-substituted aryl bromides (i.e., 4-bromobenzonitrile, 4-bromoanisole, 4-
bromobenzoic acid ethyl ester and 4-bromotoluene) with PBA in the presence of palladium (II) acetate as
a catalyst. The significant fluorescence at excitation maximum wavelength of 275-290 nm and emis-
sion maximum wavelength of 315-350 nm was detected in all the tested aryl bromides. This result
demonstrated that non-fluorescent aryl bromides could be converted to the fluorescent biphenyl deriva-
tives by the coupling reaction with non-fluorescent PBA. We tried to determine these aryl bromides by
HPLC-fluorescence detection with pre-column derivatization. The aryl bromide derivatives were detected
on the chromatogram within 30 min without any interfering peak derived from the reagent blank. The
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detection limits (S/N =3) for aryl bromides were 13-157 fmol/injection.

© 2009 Published by Elsevier B.V.

1. Introduction

Fluorescence detection is applied to analyze trace amount of
compounds in combination with high-performance liquid chro-
matography (HPLC) or capillary electrophoresis (CE) because it
has high sensitivity and selectivity. However, most of compounds
are non-fluorescent or weakly fluorescent. Therefore, fluorescence
derivatization reagents have been developed for conversion of
non- or weakly fluorescent compounds to highly fluorescent com-
pounds. Up till now, various fluorescence derivatization reagents
for a wide variety of functional groups, such as amine, phenol, thiol,
aldehyde, ketone and carbonyl groups have been developed [1-4].
However, it is difficult to derivatize the compounds that do not have
derivatizable functional group with a typical fluorescence derivati-
zation reagent. We recently developed the fluorescent aryl boronic
acid, 4-(4,5-diphenyl-1H-imidazol-2-yl)phenylboronic acid (DPA,
a lophine derivative) as a fluorescence derivatization reagent for
aryl halides [5]. The derivatization reaction with DPA is based
on Suzuki coupling reaction [6], which is a palladium-catalyzed
cross-coupling reaction of aryl halides with aryl boronic acids. DPA
can convert compounds having an aryl halide in their structures
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into fluorescent compounds, even in the absence of the derivati-
zable functional groups for a conventional derivatization reagent.
Furthermore, we found that Suzuki coupling proceeded well with-
out the interference with biological compound and this was the
practical reaction for biomedical analysis. By using DPA, we have
developed the determination method for aryl halide drugs includ-
ing clofibrate [5], haloperidol [7] and hydroxyzine [8] in biological
fluids. However, DPA has strong fluorescence itself and sometimes
interfere the detection of target derivatives.

On the other hand, fluorescence derivatization reagents are
categorized in two groups, i.e., fluorescent labeling reagent and
fluorogenic derivatization reagent [9]. The fluorescent labeling
reagent is composed of strong fluorophore and reactive group
for reacting with the functional group of the target compounds.
In contrast to fluorescent labeling reagent like DPA, fluorogenic
derivatization reagent is non-fluorescence itself; however, it reacts
with target compound and form fluorescent structure. The fluo-
rogenic derivatization reagent can greatly reduce the interference
from fluorescence of the reagent compared with fluorescent label-
ing reagent. Therefore, we attempted to develop the fluorogenic
derivatization reagent for aryl halides based on Suzuki coupling
reaction. We selected phenylboronic acid (PBA) as a fluorogenic
derivatization reagent for aryl halides. PBA is non-fluorescent mono
substituted benzene and the boronic acid works for derivatiza-
tion reaction. It was expected that the aryl halides reacted with
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Fig. 1. Scheme of the proposed fluorogenic derivatization reaction for aryl bromide.

PBA to form fluorescent biphenyl derivatives (Fig. 1). In this study,
we employed p-substituted aryl bromide as a model compound of
aryl halide. The fluorescence spectra of the products obtained by
the reaction of p-substituted aryl bromide with PBA were mea-
sured. Subsequently, we established pre-column derivatization
HPLC method for aryl bromides to evaluate the analytical perfor-
mance of the proposed derivatization reaction.

2. Experimental
2.1. Material and reagents

PBA, 4-bromobenzonitrile = (BrPhCN),  4-bromoanisole
(BrPhOCH3), 4-bromobenzoic acid ethyl ester (BrPhCOOC;Hs)
and 4-bromotoluene (BrPhCH3) were purchased from Tokyo
Chemical Industries (Tokyo, Japan). 4-Phenylbenzonitrile and
4-methoxybiphenyl were from Sigma (St. Louis, MO, USA).
Palladium (II) acetate (Pd(OAc);), potassium fluoride (KF), N,N-
dimethylformamide (DMF) were from Nacalai Tesque (Osaka,
Japan). Acetonitrile and dioxane were from Kanto Chemical
(Tokyo, Japan) and Wako (Tokyo, Japan), respectively. Water was
distilled and passed through a Pure Line WL21P system (Yamato,
Tokyo, Japan). All other chemicals were the highest purity and
quality available.

2.2. Fluorescence spectra measurement of the products by the
reaction of aryl bromides with PBA

To the dioxane solution including aryl bromides (50 wL), 7.5 mM
PBA in dioxane (50 L), 3.0 mM Pd(OAc); in dioxane and aqueous
solution of 30 mM KF (50 L) were successively added and mixed
well. After purging with N, (5.0mL/s) for 55, the reaction mix-
ture was heated at 100°C for 30 min. After cooling, the reaction
mixture was diluted 10 times with a mixture of acetonitrile and
5mM phosphate buffer (pH 5.5) (50:50, v/v) for the fluorescence
measurement. Fluorescence spectra and intensities were measured
with a 650-10S fluorescence spectrophotometer (Hitachi, Tokyo,

Japan).
2.3. Pre-column derivatization HPLC method for aryl bromides

The HPLC system consisted of an pump LC-6A (Shimadzu, Kyoto,
Japan), a Shimadzu RF-550 fluorescence detector, a 7125 injector
with a 20-p.Lloop (Rheodyne, Cotati, CA, USA), and a FBR-1 recorder
(Tosoh, Tokyo, Japan). Chromatographic separation was performed
on a Cosmosil 5C18MS (250 mm x 4.6 mm, i.d., Nacalai tesque) by
an isocratic elution with a mixture of acetonitrile and 5 mM phos-
phate buffer (pH 5.5) (60:40, v/v) at a flow rate of 1.0 mL/min. The
fluorescence wavelength of the detector was changed according to
the time program to detect each derivative at a maximum wave-
length.

For the derivatization for HPLC analysis, DMF was employed to
prepare each solution of aryl bromides, PBA and Pd(OAc), because
the peak heights of derivatives obtained using DMF were slightly
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Fig. 2. Fluorescence spectra obtained from the reaction mixture of BrPhCOOC;Hs
with PBA and the reagent blank. Excitation spectra with the emission wavelength at
350 nm of the product (A, solid line) and the reagent blank (B, dashed line). Emission
spectra with the excitation wavelength at 290 nm of the product (C, solid line) and
the reagent blank (D, dashed line).

higher than those obtained using dioxane. A 20-u.L portion of the
resultant reaction mixture after passing through a membrane filter
(0.45 pm, HLC-DISK 3, Kanto chemical) was injected into the HPLC
system.

Calibration curves were prepared by analyzing five or six differ-
ent concentrations of standard aryl bromide solutions in triplicate.
The detection limits were defined as the concentration correspond-
ing to a signal 3 times the noise level.

3. Results and discussion

Fig. 2 shows the fluorescence spectra of the reaction mixture
of BrPhCOOC,Hs with PBA. The fluorescence was observed at exci-
tation and emission maximum of 290 and 350 nm, respectively.
Hence, this result presented that BrPhCOOC,Hs was converted to
fluorescent compound by the reaction with PBA. On the other hand,
the significant fluorescence was not observed from the reagent
blank. Table 1 shows the fluorescence characteristics of the prod-
ucts obtained by the reaction of four aryl bromide with PBA. All
of the products emit the fluorescence at excitation of 275-290 nm
and emission of 315-350 nm. Because these excitation and emis-

Table 1

Fluorescence characteristics of the reaction products of aryl bromides with PBA.
Aryl bromide \ex Aem RFI?
BrPhCN 285 335 91
BrPhOCHj5 280 330 36
BrPhCOOC,Hs 290 350 100
BrPhCH3 275 315 33

2 Relative fluorescence intensity; BrPhCOOC,Hs taken as 100.
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