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The gas-phase fragmentation pathways of deprotonated diacylhydrazine derivatives (R;(C=0)-N(t-Bu)NH(C=O0)R,,
Compounds 1-6) were investigated by the combination of electrospray ionization tandem mass spectrometry (ESI-MS/
MS) and theoretical calculations. Upon collisional activation, the deprotonated molecular ions [M — H]~ dissociate in two
reaction channels, both of which involve intramolecular rearrangement. The main product ion is confirmed to be an anionic
acid species, [R1-CO,] ", generated through intramolecular rearrangement of [M - H]  initiated by the nucleophilic attack of
the amide 06 on the carbonyl C2 (Path-1). The minor fragment channel (Path-2) involves methylpropene elimination of the
precursor ion, followed by a similar nucleophilic displacement reaction to produce another acid anion [R,-CO,] . Density
functional theory calculations at the B3LYP/6-31+G(d,p) level indicate that Path-1 is more favorable than Path-2 for
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Introduction

Derivatives of diacylhydrazine (Figure 1) were widely-used as
insect growth regulators against Lepidoptera pests in agriculture,
which induce premature molting and cause insect death by
mimicking their hormones [1-5]. To ensure food safety, methods
have been developed to determine and quantify these diacylhy-
drazine residues in fruits and vegetables, of which liquid
chromatography-electrospray tandem mass spectrometry (HPLC-
ESI-MS/MS) is the most powerful and widely-used analytical tool
[6-13]. These compounds, other than halofenozide, were mainly
investigated by the positive ion ESI tandem mass spectrometry,
and the results showed that the major dissociation reactions of
protonated diacylhydrazines observed in MS/MS were the
cleavage of the amide bond and the loss of methylpropene from
the tert-butyl group via proton transfer [6-10,12]. A few recent
studies of diacylhydrazines were also reported to be detected in the
negative ion mode [11,13]. However, a mechanistic explanation of
the fragmentation pathways for the formation of these product
ions has not yet been provided.

Deprotonated molecules of many important species were
generated in the negative ion mass spectrometry, and they
underwent charge induced and charge-remote fragmentations in
the tandem mass spectrometry, which were much different from
the fragmentation behaviors of the corresponding protonated
species [14-21]. Many negative ions were favorable to undergo the
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intramolecular nucleophilic displacement, which led to unusual
fragment ions [22-28]. The characteristic fragmentations provided
useful information for structural elucidation [28-32] and differ-
entiation of isomers [15,21]. Obviously, the title compounds can
be easily ionized in the negative mode, due to the presence of the
amide hydrogen function [18]. However, the major fragment ions
observed in the negative ion MS/MS spectra cannot be
mnterpreted by the direct dissociation [11,13]. The purpose of
the present work is to perform a detailed mechanistic investigation
of the fragmentation pathways of the deprotonated diacylhydra-
zines in the negative ion mode.

Density functional theory (DFT) calculations have proved to be
excellent for rationalization of mass spectrometric fragmentation
[33-34], and a joint of theoretical calculation and high-resolution
MS measurement have become essential methods for mechanistic
investigation on the fragmentation of the gas-phase ions [35]. The
B3LYP functional with the basis set 6—314+G(2d,p) for geometry
optimizations has been widely used, due to its accuracy and the
computationally moderate time consumption [36]. In this paper,
accurate MS measurement and DFT calculations were performed
to probe the mechanistic fragmentation of the deprotonated
diacylhydrazine pesticides. The results indicate a novel skeletal
rearrangement of the deprotonated molecules prior to fragmen-
tation.
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Figure 1. Structures for the deveratives of diacylhydrazine.
doi:10.1371/journal.pone.0063097.g001

Experiments
Chemicals
RH-5849  (N'-benzoyl-N-teri-butylbenzohydrazide,  purity

95.0%) was provided by the Institute for Control of Agrochemicals
(China). Five analytical standards in Figure 1 (purity 95.0% or
better) were purchased from Dr. Ehrenstorfer (Augsburg,
Germany). Methanol (HPLC grade) was obtained from Merck
(Darmstadt, Germany). Purified water was prepared by using a
Milli-Q) water purification system (Millipore Purification Systems).

Mass Spectrometry

The MS/MS experiments were performed on an LCQ
Advantage quadruple ion trap mass spectrometer (Thermo-Fisher
Scientific Inc., USA). The diluted diacylhydrazine solutions were
directly infused into the electrospray ionization source of the mass
spectrometer with a syringe pump at a flow rate of 5 pL/min. The
sheath gas (N, 99.99%) was set at 25 arbitrary units (a.u.). The
spray voltage was set at —4.5 kV, and the heated ion transfer tube
(250°C) was set at +55 V for ion introduction. The ion trap
pressure (about 3x10° Pa) was maintained with a Turbo pump
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Figure 2. MS/MS of the deprotonated compounds 1-6
measured by ESI-IT MS at the normalized collision energy of
25%.

doi:10.1371/journal.pone.0063097.g002
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Table 1. The CID-MS results of the deprotonated ions [M - H]~ for compounds 1-6.
[M - H]™ Product ions, m/z (RA%)
Compound m/z (RA%) [M - H-56] Main product ion [R;-CO,] ™ Minor product ion [R,-CO,] ™
1 329 (50.3%), *Cl 273 (5.5%) 121 (100%) 155 (16.6%)
331 (56.2%), >’Cl 275 (3.7%) 121 (100%) 157 (10.2%)
2 295 (34.9%) 239 (3.8%) 121 (100%) -
3 351 (100%) 295 (1.8%) 149 (51.3%) =
4 367 (92.9%) 311 (5.7%) 149 (100%) 165 (8.0%)
5 393 (100%) 337 (3.1%) 149 (69.5%) 191 (11.7%)
6 393 (100%) 337 (7.4%) 149 (87.2%) 191 (15.7%)
doi:10.1371/journal.pone.0063097.t001
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Figure 3. Energy-resolved plot (Relative abundance I/} l; VS Normalized collision energy) of the deprotonated Halofenozide (m/z

329), by an LCQ IT-MS spectrometer.
doi:10.1371/journal.pone.0063097.g003

and pure helium (99.999%), was used for the trapping and
collision activation of the selected ions. Full scan experiments were
performed in the ion trap in the range of m/z of 90 to 450.
Isolation width in the MS/MS experiment was set at 1.2 m/z and
the activation time at 30 ms. The RF activation amplitude was set
at 28% of the 5V applied to the end cap electrodes to effect
dissociation. Data acquisition and analysis were performed using
the Xcalibur software package (Version 2.0 SR1).

Accurate MS of the product ions were measured by a
microTOF QII (Q-TOF) mass spectrometer (Bruker Company,
USA), equipped with an ESI ion source. The diluted diacylhy-

with a syringe pump at a flow rate of 180 puL/hr. The parameters
of the Q-Tol" mass spectrometer were set as follows: Ny drying gas
flow in the ion source, 4 L/hr; Ny nebulizer gas pressure,
0.4x10° Pa; ion source temperature, 180°C; ion source voltage,
3.5 kV; and CID collision energy for the selected ions was 15 eV
with Ar as collision gas. The instrument was operated at a
resolution higher than 15 000 full width at half maximum using
the micrOTOF-Q Control ver. 2.3 control program. Data were
analyzed using the Data Analysis ver. 4 software package delivered
by Bruker Daltonics. The data were acquired as a continuous cycle
of MS and MS/MS acquisitions of the five most intense peaks.

drazine solutions were also directly infused into the ESI source

Table 2. Comparison of the results of accurate mass determinations by Q-TOF and the masses calculated for the proposed ion

structure of main product ions of deprotonated diacylhydrazines.

Compound Measured mass Relative intensity lon formula Calculated mass Relative error (ppm)

1 329.1069 35.5% CigH15CIN,O, ™ 329.1062 -19
273.0412 1.7% Ci14H10CIN,O, ™ 273.0396 -59
154.9904 4.5% C,H,ClO, ™ 154.9905 0.7
121.0293 100% C,Hs0,™~ 121.0295 15

2 295.1454 28.0% CigH1oN205 295.1452 —-0.7
239.0799 1.0% Cr4H11N05 ™ 239.0826 1.1
121.0293 100% C,Hs0,~ 121.0295 1.7

3 351.2076 100% CaoHa7N,05 351.2078 0.6
295.1440 9.7% CigH1oN;05 295.1452 4.1
149.0601 60.8% CHs0,~ 149.0608 45

4 367.2029 65.7% CaoHz7N;05 ™ 367.2027 —-0.6
165.0547 2.2% CoHg05 ™ 165.0530 -103
149.0604 100% C,Hs0,~ 149.0608 2.7

5 393.2189 100% Ca4H20N;05 ™~ 3932184 -1.5
149.0601 91.5% CoHg0, ™~ 149.0608 4.8

6 3932187 100% Ca4H20N;05 ™~ 3932184 —-0.8
149.0601 81.5% CoHg0, ™ 149.0608 4.8

doi:10.1371/journal.pone.0063097.t002
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Figure 4. The proposed fragmentation pathways of the deprotonated halofenozide.

doi:10.1371/journal.pone.0063097.g004

Theoretical Calculation

The theoretical calculations were performed using the Gaussian
03 program [36]. The equilibrium geometries of the target species
were optimized using the DFT method at the B3LYP/

6—31+G(2d,p) level. The optimized structures were identified as
the true energy minima by the absence of imaginary frequencies.
Transition states, on the other hand, were identified by the
presence of one single imaginary vibration frequency and the
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Figure 5. Reaction profile for the fragmentation of the deprotonated compound 1.

doi:10.1371/journal.pone.0063097.9005
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normal vibrational mode. The transition states were further
confirmed using the intrinsic reaction coordinates (IRC) calcula-
tions. The optimized structures were visualized with the Gauss-
View (Version 3.09) software. Hard data on geometries of all the
structures involved are available in Tables S1-S18 in Text S1 of
the Supporting Information.

Results and Discussion

ESI-MS? Analysis

Figure 2 displays the CID mass spectra of the deprotonated
diacylhydrazines under negative ion ESI conditions as described in
the experimental section, and the corresponding results are
summarized in Table 1. Generally, the deprotonated ions [M —
H] of Compounds 1-6 displayed similar fragmentation patterns
upon collisional activation; specifically the species participated in
dissociation reactions which mainly generated one major product
ion and two minor fragment ions. Moreover, analysis of the
collisional energy-resolved plot for the deprotonated halofenozide
in Figure 3 indicates that dissociation of the precursor ion (m/z
329) mainly generated the major abundant fragment ion at m/z
121, and two minor fragment ions at m/z 273 and m/z 155 with
various relative collision energies ranging from 20% to 31%.

As shown in Figure 2, the fragment ion with higher m/z is 56 Da
lower in mass than the corresponding precursor ion. All the
diacylhydrazines studied (depicted in Figure 1) share similar
structures, in which one of the amide nitrogen atoms (N3) is
bonded to a tert-butyl group and the other (N4) to a hydrogen
atom. Methylpropene (56 Da) elimination was reported to be the
main fragmentation pathway for the protonated species in the ESI
tandem MS experiments [6-12]. Thereby, we also attribute the
neutral fragment of 56 Da here to be methylpropene, coming from
the fert-butyl group. Due to the relatively low abundance of the
fragment ions in the accurate mass spectra obtained by Q-TOF,
the relative errors of the masses measured and the masses
calculated are about 10 ppm for the fragment ions [M — H-56]
(Table 2).
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It is noteworthy that the mass of the major product ions is
directly related to the R1 group structure. For compounds 1 and
2, in which the benzoyl group (106 Da) is attached to the tert-butyl
amide N3 (R, is phenyl), the most abundant product ion is at m/z
121, and was postulated to be the benzoate anion [CgHsCOg] .
Whereas for compounds 3-6, in which the 3,5-dimethylbenzoyl
group (133 Da) bonds to N3 (R is 3,5-dimethylphenyl), the major
product ion is at m/z 149, and was attributed to the 3,5-
dimethylbenzoate anion [(CHs)oC¢H3COg] . The elemental
compositions of these three product ions have been confirmed
by determining their accurate masses using high resolution mass
spectrometer (Table 2, and Figures S1-S6 in the supporting
information). The relative errors of the masses measured and the
masses calculated from the assigned structures are less than 5 ppm
for the precursor ions and the major fragment ions. That is,
formation of the major fragment ion, [R,COy| , indicates
migration of an O atom from the amide O6 to the amide C2
during the intramolecular rearrangement process (Figure 4).

Interestingly, the mass of the minor fragment ions with lower m/
z1is also 16 Da more than that of the acyl group (RoCO) bound to
the amide N4 for compounds 1 and 4-6, and these fragments
were proposed to be another acid anion [RyCOy] . The proposed
structure of some of the minor fragment ions is further supported
by the accurate mass analysis using ESI-Q-TOF (Table 2).
Moreover, for compounds 2-3, in which the R; and Ry groups
have the same mass, fragmentation of [M-H] produced one
main and one minor product ion [M-H-56] . Accordingly,
formation of the minor fragment ion, [RoCOs] " was proposed to
undergo intramolecular rearrangement by transferring the amide
O1 atom to the amide C5 (Figure 4).

Fragmentation Pathways

Dissociation of the deprotonated diacylhydrazines is prone to
undergo intramolecular rearrangement and generate the corre-
sponding benzoic acid anion, according to the above MS/MS
experimental results. Halofenozide (Compound 1) was selected as
the typical compound to explain the possible fragmentation
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Figure 6. Optimized structures of the key species involved in the fragmentation pathway of Path-1 at B3LYP/6-31+G(2d,p).

doi:10.1371/journal.pone.0063097.g006
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Figure 7. Optimized structures of the key species involved in the fragmentation pathway of Path-2 at B3LYP/6-31+G(2d,p).

doi:10.1371/journal.pone.0063097.g007

pathways, since its main product ion at m/z 121 has been used as
the quantification ion in previous LC-ESI(-)-MS/MS experiments
[11,13]. Under the negative ion ESI conditions, the deprotonated
halofenozide [1- H]  at m/z 329 was obtained by the loss of the
active amide proton. As shown in Figure 4, the stability of [1- H]
is a consequence of resonance, which disperses the negative charge
to two centers, the amide N4 (R0O1) and the carbonyl O6 (R02).
DFT calculations were performed at the B3LYP/6-31+G(2d,p)
level of theory to probe the mechanism of the rearrangement
reaction for the typical deprotonated halofenozide (Figure 4). The
schematic potential energy diagrams for the reactions are shown in
Figure 5, and full details of the structures of the species involved
are provided in Figure 6 and Figure 7.

The amide O6 contains a partial negative charge in R0O1 due to
the resonance stability of the deprotonated anion, and RO1 is
favorable to undergo intramolecular rearrangement initiated by
the nucleophilic displacement in the gas phase. In the Path-1
reaction channel, nucleophilic attack of O6 at the carbonyl C2,

PLOS ONE | www.plosone.org

leads to the breakage of the C2-N3 bond, which results in a benzyl
ester intermediate R0O3. As shown in Figure 6, the transition state
R02-TS1 in the intramolecular nucleophilic displacement has a
five-membered ring reaction center, with the forming O6-C2 bond
(1.419 A) and the breaking C2-N3 bond (2.147 A). The Gibbs
energy barrier for the conversion of RO1 into R03 is only
100.9 kJ/mol, indicating a feasible process, and R03 lies 74.0 kJ/
mol above RO1 in Gibbs energy. The subsequent dissociation of
RO03 leads to the main product ion of benzoic anion (PI-1, m/z
121) via breakage of the C5-O6 bond, as indicated by the C5-O6
bond length extension (1.430 A in RO3 and 2.115 A in RO03-
TSp). Dissociation of R0O3 is the rate-determining step in the
reaction channel of Path 1, and the calculated energy barrier via
RO3-TSp is 151.9 kJ/mol, relative to RO1. The total Gibbs
energy of PI-1 and PN-1 is 109.9 kJ/mol higher than RO1.

For structure R0O1, one of the protons on the fert-butyl group
can migrate to the carbonyl Ol in Path-2, which leads to
methylpropene elimination via a six-membered ring transition

May 2013 | Volume 8 | Issue 5 | e63097



state RO1-TS2 (Figure 7), and generates the minor fragment ion
R11 ([M-H-56] ) at m/z 273. The energy barrier for the process
is 173.3 kJ/mol in Gibbs energy, and the total energy of R11 and
methylpropene lies 14.1 kJ/mol above RO1. R11 can then
undergo a series of rearrangement reactions, and eventually gives
the minor fragment ion at m/z 155 (PI-2).

The isomerization of R11 at the C2 =N3 double bond to give
R12 is a feasible process, which surmounts an energy barrier of
95.3 kJ/mol, with exoergic by 39.3 kJ/mol. The subsequent
migration of the enol proton from O1 to the deprotonated amide
N4 in the R12 structure leads to conversion to R13, a processes
which is exoergic by 33.6 kJ/mol with a slight energy barrier of
6.4 kJ/mol. In fact, R13 is at the global minimum of our
calculated potential energy surface, with 72.9 kJ/mol lower than
R11 in Gibbs energy. R13 then undergoes an intramolecular
displacement reaction similar to Path-1, in which nucleophilic
attack by the deprotonated amide O1 at C5 forms an anionic
species of 4-chlorobenzoate, R14, via breakage of the C5-N4
bond. This nucleophilic displacement step has an energy barrier of
165.9 kJ/mol. The subsequent dissociation of R14 results in
formation of the 4-chlorobenzoate anion (PI-2, m/z 155), which
surmounts an energy barrier of 61.8 kJ/mol via R14-TSp.

Analysis of the reaction profile in Path-2 indicates that
methylpropene elimination of RO1 via RO1-TS2 is the key step
in this reaction channel, which is 20.0 kJ/mol higher in energy
than the rate-determining step (R14-TSp) of the subsequent
fragmentation reaction pathway. Thereby, the generated product
ion R11 can easily undergo subsequent dissociation in the ESI
tandem mass spectrometer. Furthermore, the energy barrier for
Path-2 is 21.4 kJ/mol higher than that for Path-1. Path-1 has
fewer activation steps in the reaction channel than Path-2, and
hence Path 1 is the main channel in the fragmentation of RO1.
The calculated results are in a good qualitative agreement with the
MS data.

Conclusion

Dissociation of deprotonated diacylhydrazine derivatives,
R(CG=0)-N(t-Bu)- NH(C=0O)Ry, was studied by electrospray
lonization tandem mass spectrometry (ESI-MS/MS) and theoret-
ical calculations. The main product ion was confirmed to be the
acid anion [R;-COy] ", generated by gas-phase rearrangement of
the deprotonated ion via nucleophilic attack of the amide O6 at
the carbonyl C5 (Path-1). The minor fragment channel (Path-2)

involves methylpropene elimination from the precursor ion,
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followed by a series of isomerization reactions and a similar
nucleophilic displacement reaction to give another acid anion [Ro-
COy] . The results of DFT calculations at the B3LYP/6-
31+G(2d,p) level indicated that Path-1 is more favorable than
Path-2 for dissociation of the typical deprotonated halofenozide.
Overall, the deprotonated diacylhydrazines were found to
dissociate through a novel skeletal rearrangement pathway as
determined by MS/MS analysis, and theoretical calculations were
used to investigate the mechanism of the reaction.
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Figure S1 MS/MS of the deprotonated compound 1
measured by ESI-QTOF.
(TIF)

Figure S2 MS/MS of the deprotonated compound 2
measured by ESI-QTOF.
(TIF)

Figure S3 MS/MS of the deprotonated compound 3
measured by ESI-QTOF.
(TIF)

Figure S4 MS/MS of the deprotonated compound 4
measured by ESI-QTOF.
(TTF)

Figure S5 MS/MS of the deprotonated compound 5
measured by ESI-QTOF.
(TIF)

Figure S6 MS/MS of the deprotonated compound 6
measured by ESI-QTOF.
(TTF)

Text S1 Geometries for R01, R02-TS1, R03, R03-TSp,
PI1, PN1, R01-TS2, R11, PN2, R11-TS, R12, R12-TS,
R13, R13-TS, R14, R14-TSp, P12, PN3.

DOC)

Author Contributions

Conceived and designed the experiments: K] HZ JW FL MQ). Performed
the experiments: K] HZ JW FL MQ. Analyzed the data: K] HZ MQ.
Contributed reagents/materials/analysis tools: JW FL. Wrote the paper:

KJ HZ MOQ,

Chromatography- Electrospray Tandem Mass Spectrometry. Chin J Anal Chem
36: 87-90.

9. Lee JH, Park S, Jeong WY, Park HJ, Kim HG, et al. (2010) Simultaneous deter
mination of phoxim and its photo-transformation metabolite residues in eggs
using liquid chromatography coupled with electrospray ionization tandem mass
spectrometry. Anal Chim Acta 674: 64-70.

10.  Araujo L, Rojas C, Cubillan D, Villa N, Mercado J, et al. (2010) Determination
of Trifloxystrobin, Tebufenozide, and Halofenozide in Foods by Micellar
Electrokinetic Capillary Chromatography. Ana Lett 43: 2340-2348.

11. Liu X, Xu J, Dong F, Li Y, Song W, et al. (2011) Residue analysis of four
diacylhydrazine insecticides in fruits and vegetables by Quick, Easy, Cheap,
Effective, Rugged, and Safe (QuEChERS) method using ultra-performance
liquid chromatography coupled to tandem mass spectrometry. Anal Bioanal
Chem 401: 1051-1058.

12. Cazorla-Reyes R, Fernandez-Moreno JL, Romero-Gonzalez R, Frenich AG,
Vidal JLM (2011) Single solid phase extraction method for the simultaneous
analysis of polar and non-polar pesticides in urine samples by gas chromatog-
raphy and ultra high pressure liquid chromatography coupled to tandem mass
spectrometry. Talanta 85: 183-196.

13. Qian M, Wu L, Zhang H, Xu M, Li R, et al. (2012) Determination of 16 insect
growth regulators in edible Chinese traditional herbs by liquid chromatography
electrospray tandem mass spectrometry. Anal Bioanal Chem 402: 2451-2462.

May 2013 | Volume 8 | Issue 5 | e63097



20.

21.

22.

23.

24.

. Budzikiewicz H (1986) Negative chemical ionization (NCI) of organic

compounds. Mass Spectrom Rev 5: 345-380.

. Timonen J, Aulaskari P, Hirva P, Vainiotalo P (2009) Negative ion electrospray

ionization mass spectrometry and computational studies on substituted 7-
hydroxycoumarins. Eur J Mass Spectrom 15: 595-603.

. Bandu ML, Grubbs T, Kater M, Desaire H (2006) Collision induced dissociation

of alpha hydroxy acids: Evidence of an ion-neutral complex intermediate.
Int J] Mass Spectrom 251: 40-46.

. Kanawati B, Joniec S, Winterhalter R, Moortgat GK (2007) Mass spectrometric

characterization of small oxocarboxylic acids and gas phase ion fragmentation
mechanisms studied by electrospray triple quadrupole- MS/MS-TOF system
and DFT theory. Int J Mass Spectrom 266: 97-113.

. Kanawati B, Harir M, Schmitt-Kopplin P (2009) Exploring rearrangements

along the fragmentation pathways of diuron anion: A combined experimental
and computational investigation. Int J Mass Spectrom 288: 6-15.

. Rifai A, Bourcier S, Arquier D, Charvet Y, Jaberc F, et al. (2011) Fragmentation

reactions of phenoxide anions: deprotonated Dinoterb and related structures.
J Mass Spectrom 46: 1079-1088.

Kanawati B, Schmitt-Kopplin P (2010) Exploring rearrangements along the
fragmentation of glutaric acid negative ion: a combined experimental and
theoretical study. Rapid Commun Mass Spectrom 24: 1198-1206.

Ramesh M, Raju B, Srinivas R, Sureshbabu VV, Vishwanatha TM, et al. (2011)
Characterization of N”*-Fmoc-protected dipeptide isomers by electrospray
ionization tandem mass spectrometry (ESI-MS"): effect of protecting group on
fragmentation of dipeptides. Rapid Commun Mass Spectrom 25: 1949-1958.
Zhang JY, Xu F, Breau AP (2004) Collision-induced dissociation of valdecoxib
metabolites: a novel rearrangement involving an isoxazole ring. J Mass Spectrom
39: 295-302.

Wang HY, Zhang X, Guo YL, Tang QH, Lu L (2006) Using Tandem Mass
Spectrometry to Predict Chemical Transformations of 2-Pyrimidinyloxy- N-
Arylbenzyl Amine Derivatives in Solution. ] Am Soc Mass Spectrom 17: 253~
263.

Zhou Y, Pan Y, Cao X, Wu J, Jiang K (2007) Gas-phase Smiles rearrangement
reactions of deprotonated 2-(4,6-dimethoxypyrimidin-2-ylsulfanyl)- N-phenyl-
benzamide and Its derivatives in electrospray ionization mass spectrometry. J Am
Soc Mass Spectrom 18: 1813-1820.

. Williams BJ, Barlow CK, Kmiec KL, Russell WK, Russell DH (2011) Negative

Ton Fragmentation of Cysteic Acid Containing Peptides: Cysteic Acid as a Fixed
Negative Charge. ] Am Soc Mass Spectrom 22: 1622-1630.

PLOS ONE | www.plosone.org

26.

27.

28.

29.

30.

31.

32.

34.

36.

Fragmentation of Diacylhydrazine Derivatives

Hu N, Liu P, Jiang K, Zhou Y, Pan Y (2008) Mechanism study of SO2
elimination from sulfonamides by negative electrospray ionization mass
spectrometry. Rapid Commun Mass Spectrom 22: 2715-2722.

Wang T, Andreazza H]J, Bilusichy D, Bowie JH (2009) Negative ion
fragmentations of deprotonated peptides containing post-translational modifi-
cations. An unusual cyclisation/rearrangement involving phosphotyrosine: a

joint experimental and theoretical study. Rapid Commun Mass Spectrom 23:

1669-1677.

George M, Ramesh V, Srinivas R, Giblin D, Gross ML (2011) Deprotonated N-
(2,4-dinitrophenyl) amino acids undergo cyclization in solution and the gas
phase. Int J Mass Spectrom 306: 232-240.

Zhang JY, Xu F, Breau AP (2004) Collision-induced dissociation of valdecoxib
metabolites: a novel rearrangement involving an isoxazole ring. J Mass Spectrom
39: 295-302.

Cataldi TRI, Lelario F, Orlando D, Bufo SA (2010) Collision-Induced
Dissociation of the A +2 Isotope Ion Facilitates Glucosinolates Structure
Elucidation by Electrospray Ionization-Tandem Mass Spectrometry with a
Linear Quadrupole Ton Trap. Anal Chem 82: 5686-5696.

Doohan RA, Hayes CA, Harhen B, Karlsson NG (2011) Negative Ion CID
Fragmentation of O-linked Oligosaccharide Aldoses- Charge Induced and
Charge Remote Fragmentation. ] Am Soc Mass Spectrom 22: 1052-1062.
Bonacci G, Asciutto EK, Woodcock SR, Salvatore SR, Freeman BA, et al.
(2011) Gas-Phase Fragmentation Analysis of Nitro-Fatty Acids ] Am Soc Mass
Spectrom 22: 1534-1551.

Alcami M, Mo O, Yafiez M (2001) Compoutational chemistry: A useful
(sometimes mandatory) tool in mass spectrometry studies. Mass Spectrom Rev
20: 195-245.

Alex A, Harvey S, Parsons T, Pullen FS, Wright P, et al. (2009) Can density
functional theory (DFT) be used as an aid to a deeper understanding of tandem
mass spectrometric fragmentation pathways? Rapid Commun Mass Spectrom

23: 2619-2627.

. Volmer DA (2010) Prerequisites for supplying complementary high-resolution

mass spectrometry data in RCM publications. Rapid Commun Mass Spectrom
24: 3499-3500.

Frisch MJ, Trucks GW, Schlegel HB, Scuseria GE, Robb MA, et al. (2003)
Gaussian 03, Inc., Pittsburgh PA.

May 2013 | Volume 8 | Issue 5 | e63097



