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Abstract

In this study vancomycin has been used as chiral selector for the enantiomeric separation of several free acid herbicides,
namely aryloxypropionic (mecoprop, fenoprop and dichlorprop), N-benzoyl-N-(3-chloro-4-fluorophenyl)-2-aminopropionic
acid (flamprop) and aryloxyphenoxypropionic (haloxyfop, fluazifop, diclofop and fenoxaprop). The partial filling method
was used in order to increase the sensitivity of the electrophoretic method; vancomycin was not present at the detector path
during the detection due to its positive charge and to the absence/reduction of the electroosmotic flow at the operating pH.
The pH of the BGE, the capillary temperature and the vancomycin concentration influenced both effective mobility and
resolution of the studied compounds. The increase of vancomycin concentration caused a general increase of migration time,
resolution and selectivity, the best results have been achieved when a 6 mM concentration of chiral selector was used. Using
such a concentration of vancomycin, baseline resolution was obtained for all the studied enantiomers in 4.5-8.4 min. The
optimized CE method has been tested for the analysis of haloxyfop free acid metabolite in a soil sample spiked with racemic
haloxyfop ethoxyethyl ester solution. The metabolite resulted to be a mixture of R and § enantiomers where the R form was
about 72% (peak areas ratio). The method showed good precision for both migration time and corrected peak areas with a
detection limit of 5X1077 M. © 1997 Elsevier Science BYV.

Keywords: Enantiomer separation; Soil; Pesticides; Vancomycin

1. Introduction

The separation of enantiomers is an interesting
topic of research applied to different fields, e.g.,
pharmaceutical, clinical, forensic, agrochemical, etc.

Analytical methods so far used for the separation
of enantiomeric compounds include: gas chromatog-
raphy (GC) [1-3], thin-layer chromatography (TLC)
[4], high-performance liquid chromatography
(HPLC) [5-7] and more recently capillary electro-
phoresis (CE) [8—17]. In the last decade capillary
electrophoresis has been shown to be a powerful tool

*Corrcsponding auhtor. Tel.: +39 6 90672256; fax: +39 6
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for chiral separations mainly using the direct sepa-
ration method, where the chiral selector is added to
the background electrolyte (BGE) [12]. In some
instances the chiral selector has been bound to the
capillary wall or included into a gel [9,18]; examples
of enantiomeric resolutions using packed capillaries
have also been shown [19].

The high resolution power and the high efficiency
of CE, combined with the wide number of chiral
selectors that can be employed in order to improve
the stereoselectivity of the separations, and the low
amount of both electrolyte and sample, make this
technique complementary or even competitive with
HPLC, where expensive chiral columns are re-
quested.
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It has been recently reported that about 25% of
agrochemicals are chiral molecules even if a few of
the new commercial formulations contain only one
enantiomer as active compound {20,21]. Consequent-
ly, the different biological behaviour of the two
agrochemical enantiomers and/or their metabolites
as well as the stereoselective processes of synthesis
are becoming an interesting topic of research in
different fields [22], including the agrochemical
industry, biochemistry, analytical chemistry, etc.
Therefore analytical methods for enantiomeric sepa-
ration of agrochemical compounds has been the
subject of several publications [23-35].

Chlorophenoxy acid herbicide enantiomers or
other herbicides have been separated by cyclodex-
trin-modified capillary electrophoresis  [30,34].
Mechref and El Rassi used CE for the enantiomeric
separation of herbicides after precolumn derivatiza-
tion with a fluorescent tag in order to increase the
sensitivity [36].

Recently we described the stereoselective sepa-
ration of some aryloxyphenoxy propionate herbicides
and flamprop isopropy! as well as several non-struc-
turally related compounds by CZE using
sulfobutyl(IV)—B-cyclodextrin (SBE-B-CD) [35].

In this study, several aryloxy-, aryloxyphenoxy-
propionic acids and an aminopropionic acid deriva-
tive (flamprop) have been selected for enantiomeric
separations by CE. The selected compounds, with the
exception of aryloxypropionic acids, are usually
utilized as esters; they are rapidly hydrolyzed in soil
or vegetable tissues to the corresponding acids that
are the biologically active agrochemicals. Due to the
presence of an asymmetric carbon in the chemical
structure (see Fig. 1) all studied compounds are
chiral, and the two enantiomers exhibit different
herbicide activity (the R form being the biologically
active one) and persistence in the environment. It has
been reported that the hydrolysis of fluazifop butyl
ester in soil gives rise to the enrichment of the
R-(+)-enantiomer (acidic form) [23]. Furthermore,
stereoselective degradation of aryloxypropionic acids
has been exhibited by soil and aquatic microorga-
nisms {26,37].

In this work we investigated the enantioselective
properties of vancomycin towards the above-de-
scribed compounds in order to develop a fast and
cheap CE method suitable for the stereoselective
analysis of samples of environmental interest, such

as water or soil. Although 2-phenoxypropionic acid
is not utilized as herbicide, it has been considered as
reference compound in order to investigate the
influence of chemical structure of aryloxypropionic
acids on the stereoselectivity of vancomycin.

Vancomycin is a macrocyclic antibiotic containing
in its structure 18 asymmetric centers with several
functional groups (hydroxyl, amino, amide, carboxy-
lic, aromatic, etc.) responsible for stercoselective
interactions such as hydrogen bonds, and hydro-
phobic and electrostatic interactions. Due to the
strong absorption of vancomycin at low wavelengths,
the partial filling method was used in order to
increase the sensitivity of the CE method. The
capillary was firstly filled with the BGE-chiral
selector free and then with BGE-vancomycin until
the detector; a polyacrylamide-coated capillary was
used in order to eliminate/minimize electroosmotic
flow and adsorption on the capillary wall. The effect
of pH of the BGE, capillary temperature and van-
comycin concentration on effective mobility and
enantiomeric resolution of the selected samples and
selectivity of the separation have been investigated.
Furthermore, a soil sample was fortified with a
commercial formulation containing racemic haloxy-
fop ethoxyethyl herbicide and the extract was ana-
lyzed using the optimized CE method.

2. Experimental
2.1. Chemicals

All the solvents used were of HPLC or analytical
grade. Methanol and acetonitrile (ACN) were pur-
chased from BDH (Poole, UK) and acetone was
from J.T. Baker (Deventer, The Netherlands). So-
dium hydroxide and phosphoric acid were from
Fluka (Buchs, Switzerland). Boric acid, glacial acetic
acid, hydrochloric acid and potassium acetate were
from Carlo Erba (Milan, Italy). Vancomycin pure
substance was purchased from Sigma (St. Louis,
MO, USA). Double-distilled water was used for
solution preparation. Haloxyfop, fluazifop, fenox-
aprop and flamprop free acids, diclofop, mecoprop,
dichlorprop, fenoprop, 2-phenoxypropionic acid
racemic standard compounds were purchased from
Lab-Service Analytica (Anzola Emilia, Bologna,
Italy).
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Haloxyfop—ethoxyethyl commercial herbicide,
marketed as Gallant, and declared to contain 125 g/1
of the herbicide, was purchased from Siapa,
DowElanco Italy (Milan, Italy).

2.2. Apparatus and procedures

A Biofocus 3000 automated capillary electropho-
resis apparatus (Bio-Rad Labs., Hercules, CA, USA)
equipped with a multiwavelength UV detector has
been used for experiments. A polyacrylamide-coated
capillary, 37.5 cm total length (effective length, 33
cm)X0.05 mm L.D. was introduced into the user
assembler cartridge (Bio-Rad) after removing 0.5 cm
of the polyimide layer (detector cell) (for the coating
procedure see Ref. [38]). The negative vs. positive
electric polarity was used for the runs at a 20-kV
applied voltage.

Buffers (75 mM, pH 5-7) were prepared from a
150 mM Britton—Robinson buffer system (150 mM
B.R.) composed of equal concentrations (50 mM) of
boric acid, acetic acid and phosphoric acid after
titration to the desired pH value with sodium hy-
droxide and dilution.

Between runs the capillary was rinsed, at high
pressure, with water (70 s) and buffer (70 s) and then
the vancomycin-containing buffer was purged at low
pressure (at a value of 5 p.s.i. (1 p.s.i. corresponds to
6.895 kPa) for a variable time ranging from 29 to 32
s, depending on vancomycin concentration) in order
to fill only part of the capillary leaving the detector
path chiral agent free. Vancomycin solutions in buffer
were prepared daily.

Stock solutions of samples (107> M) were pre-
pared in methanol with the exception of dichlorprop,
mecoprop and 2-phenoxypropionic acid which were
dissolved in acetone. The concentrated sample solu-
tions were diluted to 10™* M with 10 mM Britton—
Robinson buffer for injection.

Samples were injected by pressure, applying a set
low pressure value of 34.475 kPaxX4 s at the
cathodic end of the capillary.

2.3. Preparation of a haloxyfop ethoxyethyl ester-
contaminated soil sample

One hundred grams of soil, collected in a CNR
Research Area, were sieved to 2 mm and spiked with
1 ml of a methanolic solution (8 ul/ml, corre-

sponding to 1 mg of active principle) of Gallant
(Down Elanco) a commercial herbicide formulation
containing 125 g/1 of racemic haloxyfop ethoxyethyl
ester.

The fortified soil sample was carefully mixed and
allowed to stay for 72 h at room temperature:
literature data show that, after this period of incuba-
tion in soil, aryloxyphenoxy propionates are almost
completely hydrolyzed to the corresponding acids
[23,39].

2.4. Extraction of haloxyfop free acid from soil

The extraction of haloxyfop free acid followed the
procedure obtained from Ref. [39]. A methanol-1 M
hydrochloric acid (9:1, v/v) solution was added to
the soil sample (B): the mixture was stirred at room
temperature for 1 h, then filtered under reduced
pressure, Twenty ml of water were added and the
hydroalcoholic solution was extracted three times
with 100 ml of methylene chloride. The less polar
phase was dried on anhydrous sodium sulphate, then
evaporated under vacuum up to about 2 ml of
volume.

2.5. HPLC separation of haloxyfop free acid
enantiomers

Haloxyfop free acid enantiomers were separated
by HPLC using an analytical column terguride-based
CSP (150X46 mm) and 0.02 M potassium acetate
buffer (pH 3.5)-ACN (45:55, v/v) [29] as the
mobile phase. Two fractions, corresponding to the
two enantiomers of haloxyfop, were separately col-
lected, evaporated under vacuum and reconstituted in
methanol. An aliquot of the above-described solu-
tions were diluted 10 times using 10 mM of BGE-
free vancomycin and injected for the electrophoretic
analysis in order to characterize the soil extract.

3. Results and discussion

Due to the widely demonstrated resolution power
of vancomycin towards anionic compounds with
carboxylic function, this antibiotic was chosen as
chiral selector to separate the enantiomers of the
aryloxypropionic acid and the free acids form of
aryloxyphenoxypropionic herbicides, as well as flam-
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prop, an aminopropionic acid derivative. The chemi-
cal structures of the studied compounds are reported

in Fig. 1.

Improvement of sensitivity can be obtained in CE,
e.g., using a low wavelength (190-210 nm), however

Aryloxy propionic acid herbicides

when a strong absorbing chiral selector is employed
for stereoselective analysis, such wavelengths are not
useful. Thus, in order to avoid the decrease of
sensitivity due to the absorption of vancomycin we
applied the ‘partial filling method” where the BGE-
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Fig. 1. Chemical structures of the studied compounds.
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chiral selector filled only part of the capillary,
keeping the detector cell free of vancomycin during
the electrophoretic run and allowing good sensitivity.
This method could be applied because, at the select-
ed pH range (pH 5-7), vancomycin exhibited a
positive charge and thus moved in the opposite
direction to the analytes. Furthermore, the use of a
coated capillary allowed to perform the electropho-
retic runs in absence/very low electroosmotic flow
as well as to reduce the adsorption of vancomycin on
the capillary wall. In addition the counter-current
process, produced by the opposite migration of the
chiral selector and analytes, allowed the increase of
enantioselective discrimination {14,40].

In order to test this chiral selector for our purposes
and to find the optimum experimental conditions we
studied the effect of several parameters, namely
vancomycin concentration, buffer pH and capillary
temperature, on the enantiomeric separation.

3.1. Effect of vancomycin concentration

Enantiomeric resolution (R) and selectivity (S)
were calculated using Eq. (1) and Eq. (2), respec-
tively:

R=2—2_ 1L 1
- w, +w, ()

Mo — My
S=2——— 2
Mo Ty 2

where ¢, w and g are the migration time, the width at
the base-line and the apparent mobility of the two
enantiomers (2 moving slower than 1).

To study the influence of vancomycin concen-
tration on the enantiomeric resolution of the investi-
gated herbicides, a BGE at pH 5 was selected for
experiments according to the published data and our
own experience [40-42]. At the experimental oper-
ating conditions (absence of the chiral selector) all
analytes were moving negatively charged and
reached the detector in less than 6.5 min.

Vancomycin at different concentrations, in the
range 1-6 mM, was added to the BGE at pH 5 and
the electrophoretic runs were performed using the
partial filling method.

Table 1 shows migration times, resolution (R) and

selectivity (S) values of the studied herbicides at
increasing concentrations of vancomycin.

Complete enantiomeric resolution was achieved
for all the studied herbicides with the exception of
flamprop free acid which showed an R value of 0.69
at the highest vancomycin concentration used (6
mM). A relatively low vancomycin concentration of
2 mM caused sufficient differences in electrophoretic
mobilities to start the enantiomeric separation of
almost all the analyzed substances.

Fig. 2a,b depict the electropherograms of the
enantiomeric separation of two different mixtures of
the studied herbicides obtained in less than 9 min
using the pH 5 buffer containing 6 mM of van-
comycin.

Considering the group of aryloxyphenoxy-
propionic acid herbicides it is interesting to remark
that, for haloxyfop and diclofop acids, a relatively
high enantiomeric resolution value was achieved,
whereas for fluazifop and fenoxaprop acids R
reached a significantly lower value. By observing the
chemical structures in Fig. 1 it can be seen that the
analytes exhibiting the highest resolution have chlor-
ine atoms in the molecule.

The influence of chiorine atoms in enhancing the
stereoselectivity was particularly evident for haloxy-
fop (R=3.69) and fluazifop (R=1.37), which differ
in their chemical structure only for the presence of a
chlorine in the haloxyfop molecule. Thus, it can be
supposed that the chlorine atoms play a key role in
modulating the chiral selector/analyte interaction
increasing the stereoselective discriminating power.
This effect is also confirmed by the behaviour of the
aryloxypropionic acid herbicides. In fact, the com-
pound showing the lowest R value was 2-phenoxy-
propionic acid that does not contain any chlorine
atom in the molecule. The fenoprop with the highest
number of chlorine atoms exhibited the maximum
enantiomeric separation. In fact, using 6 mM of
vancomycin the resolution order was as follows:
fenoprop > dichlorprop > 2-phenoxypropionic acid.

Mecoprop, with only one chlorine in its structure,
exhibited an unexpected high enantiomeric resolution
(R value between fenoprop and dichlorprop), show-
ing that the stereoselective interaction, analyte—van-
comycin, is also influenced by the substituent group
type on the aromatic ring of analyte. In fact, in
mecoprop the presence of one methyl substituent is
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Table 1

Effect of vancomycin concentration on migration time (), enantiomeric resolution (R) and selectivity (S) of aryloxypropionic acids,
aryloxyphenoxypropionic acid and an aminopropionic acid derivative (flamprop)

Sample (free 0 mM, 1, 1 mM 2 mM 4 mM 6 mM
acid form)
[, R N o, R S o R N Lo R S
th tm2 th th
Haloxyfop 6.26 655 — — 582 <050 0.013 659 131 0046 721795 3.69 0.098
6.91 6.90
Fluazifop 5.85 594 — — 5.98 — — 6.13 <050 0017 6.64 137 0.033
6.24 6.86
Diclofop 5.79 6.03 — — 6.10 <030 0013 696 .71  0.048 7.67 3.64 0.089
6.18 7.30 8.38
Fenoxaprop 6.15 623 — — 6.60 — — 670 <050 0022 7.64 1.97  0.042
6.85 7.97
Flamprop 5.68 582 — — 5.84 — — 597 <050 0010 643 0.69 0.020
6.03 6.56
Mecoprop 4.56 460 — — 462 <050 0.010 5.00 .51 0049 547 432 0.096
4.67 5.25 6.02
Fenoprop 4.68 4717 — — 491 0.018 5.08 347 0.046 546 447  0.092
5.00 532 5.99
Dichlorprop 4.46 450 — — 455 <050 0.0t1  4.80 091 0035 498 322 0.064
4.60 4.97 5.31
2-Phenoxy- 4.03 404 — — 4.07 <050 0.007 410 <050 0.024 431 241  0.050
proprionic acid
4.10 4.20 4.53

Apparatus, Biofocus 3000; capillary, polyacrylamide-coated 37.5X0.05 mm LD. (effective length 33 cm); background electrolyte, 75 mM
Britton—Robinson (B.R.), pH 5. The BGE-chiral selector rinsed the capillary at 34.475 kPaX30-32 s. Injection was done by pressure at the
cathodic end at 34.475 kPax2 s of 107" M of racemic herbicide solutions. Applied voltage, 20 kV, 43-47 A; capillary temperature, 25°C.

responsible for the strong interaction with van-
comycin, and thus the relatively high enantiomeric
resolution.

It is also interesting to observe that, when the
vancomycin concentration increased, the increase in
migration time was very low (in the range of 1-2
min) in comparison with the high resolution values
obtained, particularly for the aryloxypropionic acids.
In fact as previously discussed [43], with respect to
the most widely used cyclodextrins, the van-
comycin—analyte interaction does not usually greatly
affect the mobility of the analyzed compounds,
indicating a very high stereoselective discriminating
power for this chiral selector, producing high en-
antiomeric resolutions in short analysis time.

The selectivity (§) of the enantiomeric separation
of the studied compounds was strongly influenced by
the vancomycin concentration. § increased by in-
creasing the chiral selector concentration, and the
highest value of S was recorded at 6 mM of
vancomycin for all analytes. Very high selectivity

was achieved for those analytes which exhibited the
highest resolution.

As for the migration times, the increase in van-
comycin concentration resulted in a decrease of the
mobility value for all the studied compounds, mainly
due to the complexing effect of the chiral selector.
This effect was particularly evident for diclofop and
mecoprop enantiomers in the groups of aryloxy-
phenoxy- and aryloxy-propionated herbicides, re-
spectively (data not shown).

3.2, Effect of the pH of the background electrolyte
on enantiomeric separations

Since the BGE pH value can influence the charge,
and thus the electrophoretic mobility of both van-
comycin and analytes, we investigated the effect of
this parameter on the enantiomeric resolution and
selectivity of the studied compounds. The effect of
the pH on resolution and selectivity was studied
using BGEs at pH 5, 6 and 7 supplemented with 6
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Fig. 2. Electropherograms of the enantiomeric separation of
herbicides. (a) 2-Phenoxypropionic acid, dichlorprop, fenoprop,
fluazifop, haloxyfop and diclofop; (b) mecoprop, flamprop and
fenoxaprop. Six mM of vancomycin partial filling at 34.475
kPax 30 s; applied voltage, 20 kV, 47 wA; analyte concentration
was 107" M, with exception of fenoprop and diclofop (5x10°°
M) and 2-phenoxypropionic acid (2X107* M). For other ex-
perimental conditions see Table 1.

a
51 &
7
- L
2 ]
3 3+
g 2
2 4 1
1 sk\
0 3

pH

0.007 +

g

o O
£8
=]
o
e

AU (205 nm)
8
BN
—

% €

0001+ 6 r—v_,
0+ 5 ’_-/-///—
-0.001

0 3 6 9 12 15
migration time (min)

Fig. 4. Electropherograms of fenoxaprop enantiomeric separation
at pH 5, 6 and 7. For experimental conditions see Fig. 3.

mM of vancomycin. The selected concentration of
chiral agent allowed to obtain the best results for the
enantiomeric resolution of all analytes.

As can be seen in Fig. 3a the increase of the pH of
the BGE caused a general remarkable decrease of
enantiomeric resolution and, in some cases, the
resolution was completely lost.

The increase of the pH of the BGE also caused a
decrease of the selectivity of the enantiomeric sepa-
ration for all studied herbicides. This effect was
remarkable at pH 7 for diclofop, mecoprop, fenox-
aprop and fluazifop, while at pH 6 flamprop ex-
hibited S=0 (see Fig. 3b).

As an example, Figs. 4 and 5 show the elec-
tropherograms of fenoxaprop and mecoprop enantio-

0.1 2
7
0.08
g 0.06 8 1
' ]
3 2 6
2 o004
B 4
0w
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0 >N

Fig. 3. Effect of pH of the background electrolyte on (a) resolution and (b) selectivity of the studied compounds. (1) Diclofop, (2)
haloxyfop, (3) fenoxaprop, (4) fluazifop, (5) flamprop, (6) fenoprop, (7) mecoprop, (8) dichloprop and (9) 2-phenoxypropionic acid.
Background electrolyte, 75 mM Britton—Robinson buffer containing 6 mM of vancomycin; analyte concentration, 10™* M; applied voltage,
20 kV, 47-72 A and 25°C. For other experimental conditions see Table 1.
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Fig. 5. Electropherograms of mecoprop enantiomeric separation at
pH 5, 6 and 7. For experimental conditions see Fig. 3.

mers as representative of the studied aryloxyphenoxy-
propionic and aryloxypropionic groups, respectively.
In order to explain the above-reported results we
have to consider that the increase of the pH caused a
decrease of the positive charge of vancomycin
(uncharged at pH 7.2-7.5) and thus a reduction of
the counter current effect of the separation, as well
as of the electrostatic interactions with analytes.
The increase of the pH of the BGE caused a
general decrease of electrophoretic mobilities, and
consequently longer migration times were recorded.
The effect was remarkable for haloxyfop and
fluazifop enantiomers; the two racemic compounds
were not resolved at all into their enantiomers at pH
7. It was expected that, at this pH value, the analytes
should migrate faster than at lower pHs accordingly
to their negative charge and to the reduced positive
charge of vancomycin, resulting in a negligible
counter-current effect. It can be supposed that the
hydrophobic interaction, chiral selector—analyte, was
predominant in the complexation process that was,
however, not sterecoselective. Furthermore, we should
take into account that the stability of vancomycin
solutions can be strongly influenced by the BGE
composition, its pH and the Joule heating generated
during the electrophoretic process. Also, pH 7 is a
critical value for the stability of the used chiral
selector, even if semi-deteriorated solutions are not
necessarily accomplished with complete loss of
stereoselective properties and analyte interactions,
however longer migrations times and reduced en-
antiomeric resolutions are expected [44]. Thus the
BGE at pH 3 containing 6 mM of vancomycin seems
to be the optimum electrolyte: (i) because it imparted

the analytes and the vancomycin with the necessary
charge, negative and positive, respectively; (ii) be-
cause of the stability of vancomycin and analytes;
and (iii) because it allowed to perform enantiomeric
separation of herbicides with high stereoselectivity in
the shortest analysis time.

3.3. Effect of capillary temperature

Electrophoretic experiments were performed at 20,
25 and 30°C, using the BGE at pH 5 containing 6
mM of vancomycin, in order to study the effect of
capillary temperature on enantiomeric resolution,
selectivity, migration time and mobility. Tempera-
tures higher than 30°C are not recommended due to
the instability of vancomycin solutions, while values
lower than 20°C were not trustworthy due to the
room temperature in our laboratory during the ex-
periments (summer time) which caused long
equilibration times for the capillary system.

As expected, the increase of capillary temperature
caused a general decrease of migration time for all
the studied herbicides; this effect was more remark-
able changing the temperature from 20 to 25°C than
from 25 to 30°C.

The higher the capillary temperature the lower was
the enantiomeric resolution (see Fig. 6). The effect
was remarkable when the experiments were per-
formed at 30°C, especially when analyzing chloro-
phenoxy herbicides. The above-reported results are
in accordance with previous findings [45,46], and
can be explained considering that changes in the

W/

temperature °C

Fig. 6. Stereoselective analysis of haloxyfop free acid metabolite
in a soil sample. Experimental conditions as in Fig. 2. For soil
extract preparation see text.
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capillary temperature affect both buffer viscosity and
the thermodynamics of the complex formed between
analytes and vancomycin.

The reduction of selectivity by increasing the
capillary temperature was not noticeable for 2-
phenoxypropionic acid, fenoxaprop, fluazifop and
flamprop, while for dichlofop, haloxyfop, fenoprop
and mecoprop a decrease of S was recorded (see Fig.
7).

3.4. Analysis from soil of haloxyfop free acid and
data precision of the method

To show the applicability of the optimized ana-
lytical method we spiked a soil sample with the
haloxyfop ethoxyethyl ester herbicide, marketed as
Gallant commercial product, and after a period of
incubation we extracted the sample and analysed it
for the presence of the haloxyfop free acid metabo-
lite.

Fig. 8 depicts the electropherogram of the
stereoselective analysis of haloxyfop free acid me-
tabolite in the extracted soil sample. The analysis of
the soil sample after 72 h at room temperature
revealed the stereoselectivity of the metabolism, as
the production of enantiomeric haloxyfop free acids
was not racemic. It can be observed that the sepa-
ration is obtained in less than 9 min and the
electropherogram profile is completely interference
free.
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Fig. 7. Effect of capillary temperature on selectivity (§). (1)
Diclofop, (2) haloxyfop, (3) fenoxaprop, (4) fluazifop, (5) flam-
prop, (6) fenoprop, (7) mecoprop, (8) dichloprop and (9) 2-
phenoxypropionic acid. Experimental conditions: 75 mM Britton—
Robinson buffer, pH 5, containing 6 mM of vancomycin; applied
voltage 20 kV, 43—-50 p.A. For other experimental conditions see
Fig. 2.
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AU (205 nm)
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0.0005 f—F , . , .
0 2 4 6 8 10

migration tme (min)

Fig. 8. Stereoselective analysis of haloxyfop free acid metabolite
in a soil sample. Experimental conditions as in Fig. 2. For soil
extract preparation see text.

The qualitative analysis of haloxyfop free acid in a
real environmental sample was supported by the
precision data of the method, as shown in Table 2.
Very good repeatability for migration times, peak
areas and corrected peak areas, were obtained for
both intra- and inter-day data.

The method showed a detection limit (LOD)
(signal-to-noise ratio=3) of 5%1077 M for each
enantiomer.

4. Conclusions

The results achieved in this study show that
capillary electrophoresis can be used for the enantio-
meric separation of herbicides, such as aryloxy-
propionic acids, aryloxyphenoxypropionic acids and
an aminopropionic acid derivative (flamprop), by
employing vancomycin as the chiral selector. Due to
the strong UV absorption of the chiral additive at low
wavelength, we used the partial filling method that
allowed to keep the detector path free of absorbing
vancomycin. The above method was very effective
because the chiral selector moved in the opposite
direction of the detector, being positively charged at
the pH values used (pH 5-7), and with the electro-
osmotic flow absent or very low.

The concentration of chiral selector, the capillary
temperature and the pH of the BGE strongly in-
fluenced the enantiomeric resolution and the selec-
tivity of the separation of chiral herbicides. The
increase of pH and capillary temperature caused a
reduction of both selectivity and resolution which, on
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Table 2

Intra- and inter-day precision data for haloxyfop free acid enantiomeric separation

Haloxyfop free acid t,,, (min) t,, (min) R (37 A, A, Ar, A, A 1AL,
Intra-day STD % data, n=35 0.50 0.59 1.46 1.32 1.67 0.95 1.18 0.55
Inter-day STD % data, n=5 (4 days) 0.67 0.70 4.09 3.06 293 2.58 3.01 0.41

Six mM of vancomycin, partial filling method, 34.475 kPaX30 s. Other experimental conditions as in Table 1.

the contrary, increased by increasing the vancomycin
concentration. The best results were achieved with 6
mM vancomycin, pH 5, at 25°C.

The optimized method was tested for the quali-
tative analysis of a soil extract treated with haloxy-
fop ethoxyethyl ester where the herbicide was hydro-
lyzed to the acidic metabolite haloxyfop. Very good
precision of the method was measured for both
migration time and corrected peak areas. The de-
tection limit (1LOD) were as low as 5X 1077 M for
each enantiomer.

With regard to the aforementioned results, the
partial filling method with vancomycin can be advan-
tageously used for the analysis of herbicides in
environmental analysis. The method is rapid and
cheap compared to other ones, e.g., HPLC, GC,
where expensive chiral stationary phases or deri-
vatizations are necessary.
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