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Abstract

A new method for the simultaneous analysis of some benzoxazolinones, aminophenoxazinones and malonamic acids was developed
based on liquid chromatography (LC) coupled to mass spectrometry (MS), using electrospray ionization (ESI) and operating in positive
mode. Different ESI-MS parameters, such as fragmentor voltage, capillary voltage, drying gas flow, nebulizer gas pressure and drying gas
temperature, were optimized in order to obtain structural information and to achieve maximum sensitivity. Chromatographic separation was
performed by a reversed-phase LC column using a linear gradient of water and methanol. Quality assurance of the developed method was
assessed by measuring parameters as linearity, sensitivity, repeatability and reproducibility. Quantification method based on the use of internal
standard was developed, selecting synthetic 2-methoxy-2H-1,4-benzoxazin-3(4H)-one as internal standard. Good correlations were obtained
for all analytes relative to this compound in the range of 0.05-1slnghstrumental detection limits were between 0.02 and 0.ghg/
Repeatability and reproducibility studies showed acceptable coefficient of variation values.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction to literature, the major degradation products of benzoxazoli-
nones are aminophenoxazinones and corresponding malon-
Since it has been found that allelochemical compounds amic acid43-6] (Fig. 1).
and their decomposition products play an important role in ~ The broad range of benzoxazinones produced by plants
the resistance of plant to insect pests and plant pathogenicand the further potential metabolites in plant and soil envi-
fungi, it has increased scientific interest for allelopathy mean- ronments result in a complex analyte mixture to be analysed.
ing a potential for selective biological weed management Up to date many techniques have been used for the deter-
[1,2]. Chemical family of benzoxazinones is the main ac- mination of benzoxazinones such as isotopic dilutidh
tive allelophatic compound in different crops such as wheat, infrared spectrophotometr], fluorometry[9], thin-layer
rye or maize. Despite the fact that hydroxamic acids are chromatographfl10], gas chromatography (G{)1] and lig-
highly contained in these tissues, different studies have doc-uid chromatography (LC|12] obtaining limited separation
umented their rapid conversion to benzoxazolinones and fur-power. However, most of the work reported in the literature
ther biotransformation to degradation metabolites. According used LC methods because this procedure does not require
the time-consuming derivatisation step that is needed prior
R _ _ o to the GC analyses. Several procedures were developed for
Presented at the 3rd_Meet|ng of the Spanish Association of Chromatog- the separation and quantification of benzoxazinones in plant
e o o ooy oo 145 WeEsiracts using LG13], UV-detector was commonly used and
* Corresponding author. Tel.: +34 93 400 6100; fax: +34 93 204 5904, It meant a selectivity problem due to the fact that any com-
E-mail addresseeeqam@cid.csic.es (E. Eljarrat). pound containing a benzene ring would response to its work-
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Fig. 1. Degradation pathways of main active benzoxazolinones: (a) benzoxazolin-2(3H)-one (BOA) and (b) 7-methoxybenzoxazolin-2(3H)-one (MBOA)
(according td3,4)).

ing wavelength range. To overcome the LC-UV limitations, acomplementary identification technique for biotransforma-
some LC—mass spectrometry (MS) methods have been retion products of several benzoxazolinones. The aim of this
cently published. Unequivocal identification of allelochem- work was to develop a LC—MS method for the determination
ical compounds was recently used by Cambier ef5al.4] of naturally occurring 1,4-benzoxazin-3(4H)-one derivatives,
with the application of atmospheric pressure chemical ion- including two benzoxazolinones, four aminophenoxazinones
isation tandem mass spectrometry (APCI-MS-MS). A new and three malonamic acid$able ).
method for the identification and quantification of benzox-
azinones was also performed using electrospray ionization
tandem mass spectrometry (ESI-MS-M5j]. 2. Material and methods

Asregards the analysis of degradation products of benzox-
azolinones, aminophenoxazinones and corresponding mal2.1. Chemicals and materials
onamic acids, to our knowledge, no previous studies have
described analytical strategies for their analysis. Only Zik-  The standards were obtained from private and com-
mundo\a et al.[3,4] performed LC-MS analysis but only as  mercial sources as available. Benzoxazolin-2(3H)-one
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Table 1
Structure and molecular weight of analysed compounds

55

Compound Acronym Mw Molecular structure
OH
2-Aminophenol APH 109
N
OH Hy
2N-[2-Hydroxyphenyllacetamide HPAA 151 @[ /L
NH O
(XTI
2-Acetylamino-3H-phenoxazin-3-one AAPO 254 A /J\\
N NH “o
Q
Benzoxazolin-2(3H)-one BOA 135 >:°
N
OO
6-Methoxy-benzoxazolin-2(3H)-one MBOA 165 HaC | >:o
/ N
H
O OH
HaC | ?
N-(3-Methoxy-2-hydroxyphenyl)-malonamic acid HMPMA 225 g
ﬁ OH
OH
N-(2-Hydroxyphenyl)-malonamic acid HPMA 195 @iNMOH
|
H
O o
2-Amino-3H-phenoxazin-3-one APO 212 @[ I;/(
N NH,
P o
HyC
9-Methoxy-2-amino-3H-phenoxazin-3-one AMPO 242 ‘ P
' NH;
f“a
o
2-Methoxy-2H-1,4-benzoxazin-3(4H)-one 2-MeO-HBOA 179 @ IO
N o
p
(BOA), 6-methoxy-benzoxazolin-2(3H)-one (MBOA), 2.2. Instrumentation
2[N-(2-hydroxyphenyl)acetamide] (HPAA), N-(2-hydro-

xyphenyl)malonamic acid (HPMA), N-(3-methoxy-2-
hydroxyphenyl)malonamic acid (HMPMA), 2-amino-3H-

one (AAPO) and 9-methoxy-2-amino-3H-phenoxazin-3-one
(AMPO) were received from Dr. F. Macias (University of
Cadiz, Spain) and the non-naturally occurring synthetic
derivative 2-methoxy-2H-1,4-benzoxazin-3(4H)-one (2-
MeO-HBOA) from Professor D. Sicker (University of
Leipzig, Germany). 2-Aminophenol (APH) was purchased

from Sigma Aldrich.

HPLC-grade solvents [water and methanol (MeOH)] and
98% pure acetic acid (HOAc) were purchased from Merck

(Darmstadt, Germany).

The LC-MS system consisted of a HP 1100 LC with a
binary high-pressure pump, a solvent-degassing unit and an
phenoxazin-3-one (APO), 2-acetylamino-3H-phenoxazin-3- automatic sample injector from Hewlett—Packard (Palo Alto,

CA, USA). An 1100 series diode array detection (DAD) sys-
tem was connected in line with a benchtop mass-selective
detector for the HP 1100 Series equipped with ESI source.
The instrument control and data processing utilities included
the use of LC-MSD ChemStation software.

2.3. Preparation of standard solutions

Stock solutions (1 mg/mL) of individual standards were
prepared by dissolving accurate amounts of pure standards
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in acidified MeOH (1% HOAc). Working standard solu- lution (1% HOACc) was studied here. To determine the stabil-
tions were obtained by further dilution of stock solutions ity, spiked solutions were stored at room temperatufe; 4
with MeOH-acidified water (1% HOAc) (60:40). Chro- and—20°C. The evaluation was performed for 7 days by in-
matographic and mass spectrometric conditions were opti-jections for each temperatured solution by LC—-MS developed
mized using J.g/mL solutions. Mixtures of BOA, MBOA, method.

APH, HPAA, HPMA, HMPMA, APO, AAPO and AMPO

(100pg/mL) were prepared in a range between 0.05 and

5ppm. These solutions were used to generate the internalB3. Results and discussion

standard response calibration curves for subsequent mea-

surements of quality parameters. Internal standard respons&.1. Stability study

curves were obtained with mixed solutions spiked with 2-

MeO-HBOA at final concentrations ofjlg/mL each. The stability of MBOA, BOA and 2-MeO-HBOA was pre-
viously checked16], showing that the three compounds are
2.4. Chromatographic conditions stable (degradation lower than 5%) at the three different tem-

peratures tested. As regards aminophenoxazinones and mal-

A Synergi MAX-RP 80A LC column (250 mnx 4.6 mm, onamic acidsTable 2shows the results obtained from the
4 um, Phenomenex) attached to a Phenomenex Guard col-stability evaluation after 7 days of storage at the three dif-
umn was used with a solvent flow-rate of 1 mL/min and an ferent temperatures. Results clearly demonstrated that sig-
injection volume of 5QuL held at room temperature. Mobile  nificant losses occurred, not only when solution was stored
phase consisted of 0.05% HOAc in water as solvent A and at room temperature but also at@ and—20°C. APO and
0.05% HOAc in MeOH as solvent B. The solvent gradient AMPO were the most-unstable compounds, with approxi-
adopted was as follows: 0—8 min, 70-30% A; 15.5-17 min, mately 75-100% of degradation. This degree of degradation
30-10% A; 19-23 min, 10-70% A; 28 min, 70% A. Total run was observed after three days of storage. As is described
time was 28 min with the benzoxazinones derivatives eluted in the degradation pathway scheme by Zikmuriet al.
over 6—16 min and the final 12 min used for column cleaning [3,4], APO and AMPO are the main active compounds to
and regeneration. The eluent from the first 5 and final 17 min further degradation products. Thus, the instability of APO
was directed to waste to avoid excessive contamination of theand AMPO was an important fact to consider for standard
MS source. Elution of the compounds was monitored from solution preparation.

220 to 400 nm. Concerning to the rest of the compounds, better stabil-
ity was observed at20°C. At this temperature, AAPO re-
2.5. Mass spectrometry conditions mained stable, whereas HPAA and APH suffered an approx-

imately 20% of degradation. In view of these results and to

ESI in both positive (PI) and negative (NI) modes were prevent degradation, storage in acidic conditions-20°C
assayed. Flow analysis injection (FIA) was performed to was recommended.
achieve major sensitivity for each compound at 5Quhgs-
ing acidified water—-methanol (30:70) as carrier solvent. The 3.2. MS method optimization
optimization of operating conditions was carried out by the
evaluation of the area and fragmentation of each analyte The objective of this study was to develop an analyti-
in scan moderVz values 100-450). The parameters opti- cal method for the simultaneous determination of some ben-
mized were: drying gas flow, modifying its value between zoxazolinones, aminophenoxazinones and malonamic acids.
8 and 12L/min (8, 10 and 12L/min); nebulizer gas pres- Since a previous LC-MS methodology, using ESI, was opti-
sure, modifying its value between 50 and 60 p.s.i.g. (50, 55 mized for the analysis of benzoxazinone derivatives, includ-
and 60 p.s.i.g.; p.s.i. = 6894.76 Pa); drying gas temperature,ing BOA, MBOA and 2-MeO-HBOA[15], this ionization
modifying its value between 250 and 38D (250, 300 and  technique was selected in this study.
350°C); capillary voltage, modifying its value between 3000  Different ESI-MS parameters were optimized using FIA
and 4000V (3000, 3500 and 4000 V); and fragmentor volt- for all the studied compounds in order to obtain structural
age, modifying its value between 70 and 250V (70, 150 and

250V). Table 2
Degradation (%) of aminophenoxazinones and malonamic acids stored at
2.6. Stability study different temperatures (room temperatureC4and—20°C)
Compound —20°C 4°C 20°C
A preliminary study of the stability of selected analytes HpaA 23 14 33
was performed due to their rapid degradation eff8e6]. APH 20 25 19
The stability of benzoxazolinones and 2-MeO-HBOA was AMCF)’O 1%2 12% 1%%
checked in a previous studg6]. Thus, stability study of AZPO 3 14 27

aminophenoxazinones and malonamic acids in acidified so
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Table 3 mAU 1 2-MeO-HBOA
Target compound responses (500 ng injected) of ESI positive and negative APHHHPAA ) 30a|
mode for fragmentor parameter = 70 V 01 A ) P0+B(>/\i H HMPMA+HPMA
Compound ESI positive ESI negative I N ““ H | a/ A‘?XMP()
APH 11814 35299 5 W I
HPAA 17218 42492 L// A AA
AAPO 162355 5407 0
BOA 13231 107751
MBOA 19628 48304 -5 1
APO 59321 5405
AMPO 52216 3524 S 0 15 (min)
HMPMA 17028 36228
HPMA 18271 47718

Fig. 2. LC-DAD (280 nm) chromatogram obtained for a standard solution

(1 ng/mL) on a RP dodecyl () trimethylsilyl (TMS) end-capped Synergi

MAX-RP column.

information and to achieve maximum sensitivity. Pl and NI
modes were tested at three different fragmentor values. Val-nones and malonamic acids before. However, benzoxazoli-
uesof 250 and 150 V of voltage were disregarded for bothion- nones (BOA and MBOA) were included in Bonnington
ization modes because no additional fragmentation of com- et al. [15] study. Concerning to the encountered problems
pounds was obtained. Main information of fragments was in this previous study due to low stability of analytes on
obtained at 70V for both modes. In NI mode, benzoxazoli- the LC columns under the required acidic conditions, re-
none and malonamic acid responses were higher than in Plention time shifts and adverse effects on peak intensities
mode. But, it should be pointed that the differences betweendue to the coelution of impurities, it was seriously eval-
both polarities were not very high. In contrast, it was clearly uated the application of the dodecyl 1 trimethylsilyl
observed a more suitable response for aminophenoxazinone$TMS) end-capped Synergi MAX-RP. This LC column en-

inPImode Table 3. In order to assume an analytical compro- hanced the online chromatographic separation through im-
mise to obtain the major response for all the selected analytesprovements to component resolution, analyte stability, peak
Pl was selected as polarity ionization. Working under these shape and the column lifetime. On the basis of these re-

conditions (ESI, Pl and 70V of voltage), [M + HJions and

sults, the same chromato

sodium adduct ions ([M + N&])) were selected as quantifi-  study.

cation and confirmation ions for target compounds. Only for
AAPO different ions were selected: [M + H-N(CO(GH™
and [M + H-N(CO(CH)—(C2Hs50H)] T (Table 4.

Several gradient progr

graphic column was selected for our

ams were assayed with the selected

column using acidified bO (0.05% HOACc) and acidified
MeOH (0.05% HOAc) as mobile phase. The optimal chro-

For the rest of parameters, such as drying gas flow, neb-matographic separation was achieved using a linear gradi-
ulizer gas pressure, drying gas temperature and capillaryent of 70:30-30:70, although slight differences in retention
voltage, non-significant differences were detected betweentimes for selected analytes was observed, and some coelu-
the tested values. The selected operating conditions weretions (APH with HPAA, AAPO with BOA, and HMPMA

13 L/min, 60 p.s.i.g., 350C and 3500V, respectively.

3.3. LC method

with HPMA) could not b

e resolved. This fact determined

that UV-detection method was not an appropriate technique
for the simultaneous analysis of target compourkdg.(2).

In contrast, all compound

s were well resolved using LC-MS

No previous studies have described analytical strategiesin the selected ion monitoring (SIM) mode, providing appro-
for the separation and quantification of aminophenoxazi- priate selectivity to the methodrig. 3).

Table 4

Retention times andh/zions selected for quantification and confirmation of each selected compound

Compound Retention time (min) Quantification ion'%) Confirmation ion (vz)
APH 7.66 110 [M + HJ 152 [M + H + C(OCHg]*
HPAA 7.67 152 [M + H" 110 [M+H-C(OCH]*
AAPO 9.66 198 [M + H-N(CO(CH)] ™ 152 [M + H-N(CO(CH)—(C, HsOH)] "
BOA 10.06 136 [M + HJ 158 [M + NaJ*

MBOA 10.41 166 [M + HJ 188 [M + NaJ*

HMPMA 10.59 226 [M + HI" 248 [M + NaJt

HPMA 10.79 196 [M + HJt 218 [M + NaJ*

APO 1434 213 [M + HI 235 [M + NaJt

AMPO 1517 243 [M + HI" 264 [M + NaJ*
2-MeO-HBOA 1095 148 [M + HI+ 202 [M + NaJt
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of the baseline near the analyte peak obtained by analyses of
a standard solution and on minimal value of signal-to-noise
ratio of 3. The applied methodology provided LQRin the
range between 0.02 and 0.2 py/(Table 5. Aminophenox-
azinones showed the lower detection limits (from 0.02 to
0.11 ngfrL), followed by benzoxazolinones (0.09 pd/). As
regards malonamic acids, they showed the higher detection
limit values (from 0.05 to 0.2 nglL).

In order to evaluate the repeatability of the developed
method, five consecutive injections of a standard solution
were performed at the optimum conditions in LC-ESI-MS
above described. Relative standard deviations (R.S.D.s) be-
tween the five values were calculated for all the selected ana-
lytes. R.S.D. values were always below 15% indicating good

Fig. 3. LC-ESI(+)-MS chromatogram obtained for a standard solution
(1 ng/mL). Differentm/zions selected for the quantification of each com-
pound are shown.

repeatability Table §. On the other hand, five injections were
carried out in five different days to establish the reproducibil-
ity of the method. The same quantitative analysis used for the
repeatability study (internal standard) was applied. As can
be expected, the R.S.D.s obtained for reproducibility were
higher than those obtained for repeatabilifgifle 5. R.S.D.

Quality assurance of the develgped.method- was evalu'values ranged from 2 to 26%, with values higher than 20%
ated by measuring parameters as linearity, sensitivity, repro- only for AAPO

ducibility and repeatability. Quantification was performed by
internal standard method. The use of internal standards to aid
reliable quantification has not been described previously for
LC determinations of aminophenoxazinones and malonamic4. Conclusions
acids. Here, non-naturally occurring structural analogue of
one benzoxazinone (HBOA), 2-MeO-HBOA, with adequate A methodology for chromatographic separation, charac-
separation from selected analytes, was used as internal starterization and quantification of a range of benzoxazolinones
dard. The use of internal standard method is very useful in and further degradation products based on the use of LC-MS
LC-ESI-MS, where matrix induced interference resulted in is described for first time. ESI was selected as ionization tech-
suppression of signals of target analytes. In this sense, the us@ique and different ESI-MS parameters (polarity, fragmentor
of 2-MeO-HBOA could aid to detect any suppression of ana- Voltage, capillary voltage, drying gas flow, nebulizer gas pres-
lyte signals. The linearity of the method was measured in the sure and drying gas temperature) were optimized by FIA for
range of 0.05-1.5ngL. The data were subjected to linear all analytes as well as for internal standard selected for quan-
regression analysis and good correlations were obtained fortification. Quality assurance of the developed methods was
all analytes relative to internal standard, ranging from 0.9879 assessed by measuring parameters as linearity, sensitivity, re-
for HPMA to 0.9997 for HMPMA TTable 5. These results ~ peatability and reproducibility. The method was lineal in the
confirmed the applicability of the selected internal standard range of 0.05-1.5ngL, and detection limits were between
for quantification. 0.02 and 0.2 nglL. Aminophenoxazinones showed the lower
Sensitivity was evaluated by determining the instrumen- detection limits, followed by benzoxazolinones; finally, mal-
tal detection limits (LORs;) obtained using LC-ESI-MSin  onamic acids showed the higher detection limit values. As
SIM mode. LOGhst were based on the peak-to-peak noise regards repeatability and reproducibility, acceptable R.S.D.

3.4. Method validation

Table 5
Quality parameters of the established LC—MS method.

Compound R2 LOD (ng/uL) Repeatability R.S.D. Reproducibility R.S.D.
(%,n=5) (%,n=5)
APH 0.9974 0026 30 82
HPAA 0.9947 0046 52 170
AAPO 0.9955 Q024 61 263
BOA 0.9941 0085 97 51
MBOA 0.9982 0085 69 40
HMPMA 0.9997 0221 134 105
HPMA 0.9879 0103 88 24
APO 09991 0108 20 125
AMPO 0.995 Q064 114 52
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