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Collision-induced dissociation (CID) mass spectra of a few haloaniline isomers, (chloroanilines,
dichloroanilines, difluoroanilines, chloro-fluoroanilines and bromo-fluoroanilines) were characterized.
The mass spectral behaviour of difluoroanilines was different from those of the corresponding regioi-
somers of the other haloanilines. For all ortho regioisomers except difluoroanilines, CID mass spectra
resulted in hydrogen halide as well as halogen radical loss. In the case of difluoroanilines, peaks corre-
sponding to hydrogen fluoride loss were observed during the same process. Meta and para-haloanilines

Ic(%words: have the tendency to lose either ammonia or halogen radicals. Six regioisomers of dichloroanilines were
PGI subjected to hydrogen/deuterium exchange experiments in solution to determine the CID fragmentation
ESI pathways. From the experimental results we propose two fragmentation pathways for the dicholoroani-
APCI lines: (a) formation of aza-biheterocyclic intermediate and (b) via heterolytic hydrogen transfer from the

Ortho-effect
Haloanilines

charged center. The demonstrated unique characteristics in CID mass fragmentation of haloanilines may
be useful in identification and differentiation of isomers as impurities during chemical process develop-
ment. A good use of the ortho effect is the significant differentiation between 2-chloro-4-fluoroaniline
and 4-chloro-2-fluoroaniline by CID mass spectra.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Control of impurities in active pharmaceutical ingredients (API)
plays a major role in pharmaceutical development. During the
development and optimisation stages, different types of impurities
are observed. A special class of impurities known as “potentially
genotoxic impurities” or PGIs [1] and/or carcinogenic impurities
have unusually high toxicity. Whether an impurity is a PGI or geno-
toxic is determined by Ames test [2,3]. Primary and secondary
aromatic haloamines are generally not inherently genotoxic but
require metabolic activation in order to generate an electrophilic
species [4]. To exert their mutagenic effect, aromatic amines are
activated through N-oxidation by cytochrome P450s to form N-
hydroxylamines which in turn undergo N-O bond cleavage to form
the nitrenium ion either directly or following conjugation of the
hydroxylamine with acetate or sulfate. The nitrenium ion interme-
diate then forms an adduct with DNA, which results in miscoding
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during DNA replication. According to this mechanism the stability
of the nitrenium ion is fundamental in determining the extent of
that mutagenic effect [5-8] that leads to genotoxicity.

4-Chloroaniline [5] is considered to be a mutagen as per Ames
test which is the starting material for chlorohexidine diacetate
and proguanil, an antimalarial drug. 2,6-Dichloroaniline [9] is
the starting material for the manufacture of diclofenec sodium
which is an anti-inflammatory analgesic and clonidine, an anti-
hypertensive agent and an epidural agent for refractory cancer
pain. 2,4-Dichloroaniline [10], 2,4-difluoroaniline [3,5] and 4-
fluoroaniline [5] are key building blocks for the manufacture of few
new drugs under development. All the aforementioned compounds
show Ames positive results. 2,6-Dichloroaniline was reported as
a PGI in an application note [9]. Further, toxicological studies of
dichloroaniline (DCA) isomers on rats indicate that these chemicals
are capable of altering renal function in vivo and in vitro, and possess
nephrotoxic potential [11]. Thus, it is imperative to determine the
presence of these compounds during the development stages and
adequately control them. In this article, the use of CID mass spec-
trometry in the analysis and differentiation of these haloanilines
isomers is described.
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Fig. 1. Haloanilines studied.

Some reports in literature provide description of distinguish-
ing ortho isomers through ortho effect in mass fragmentations
[12-16]. N-Acylanilines bearing a proximal halo substituent are
distinguished by electron ionisation mass spectrometry techniques
[17]. An ortho effect in mass spectrometric fragmentation has been
observed from hydroxyphenyl carbaldehydes, ketones and alky-
loxybenzoic acids with negative electrospray ionization [18-20]. It
has been reported that the characterization of ortho-, meta- and
para- isomers of haloanilines by Electron Ionization (EI) is not
straight forward [21]. However CID spectra of electrospray derived
positive ions of mono haloanilines allow the distinction of the
ortho isomer [21]. Recently mass spectrometric techniques have
been used to recognise and resolve representative isomeric pairs
of N-alkyl and ring-alkyl substituted anilines using ion/molecule
reactions of structurally diagnostic fragmentation ions (SDFI) [22].
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In our exploration, we have studied collision-induced dissociation
mass analysis of 24 haloaniline regioisomers (Fig. 1) of which, a few
are considered to be PGIs.

2. Materials and methods

2.1. Reagents

All haloanilines were purchased from Sigma-Aldrich (St. Louis,
USA) with the purity of 98% as per the label claim.

2.2. LC/MS/MS instrumentation

The CID mass spectra of all haloanilines, except dichloroanilines,
were recorded using an Agilent Triple Quadrupole Mass Spec-
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Fig. 2. CID Product ion spectra of protonated 2,4-dichloroaniline (A), 3,5-dichloroaniline (B), 3,4-dichloroaniline (C) 2,6-dichloroaniline (D), 2,5-dichloroaniline (E) and
2,3-dichloroaniline (F) obtained by MS-MS.
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trometer (Model: G6410A, Wilmington, DE, USA) coupled with
Agilent 1200 Liquid Chromatography System (76337, Waldbronn,
Germany). All the samples were introduced into a multimode ion-
isation source which is a combination of electrospray ionisation
(ESI) and atmospheric pressure chemical ionisation (APCI) ionisa-
tion sources, through HPLC using water-acetonitrile (1:1) as mobile
phase at a flow rate of 1.0 ml/min. Collision energy was kept as
20eV, with a fragmentation voltage of 50V, and nitrogen gas was
used as collision gas. Deuterated DCAs were introduced into the
mass spectrometer by infusion at a flow rate of 15 pl/min. Posi-
tive ESI was used for analysing deuterated compounds. For chloro
and bromoanilines, the 3°Cl- or 79Br-isotoplogues were selected
for fragmentation in order to avoid complexities.

2.2.1. Preparation of N-deuterated dichloroaniline isomers

The N-deuterated dichloroanilines were prepared by dissolv-
ing each dichloroaniline in methanol-d4 followed by D,0 in the
ratio 2:1 and stirred for 30 min under nitrogen atmosphere and
the solvents were removed by flushing nitrogen. This procedure
was repeated to ensure maximum deuterium-exchange for all
exchangeable hydrogen. The residue was dissolved in a mixture of
methanol-d4 and D,0 (2:1) and the solutions were directly infused
into the mass spectrometer.

2.3. Computational details and systems studied

Full geometry optimization using B3LYP functional were per-
formed with 6-31+G(d,p) basis set. The stationary points were
characterized by analytical frequency calculations. All the calcu-
lations have been carried out using Gaussian 03 suite of programs
[23].

723
3. Results and discussion

Mass spectra of many ortho-disubstituted aromatic compounds
are generally distinguished from those of their meta and para
isomers as a result of ortho effect, in which transfer of a labile
hydrogen atom from a donor functional group to the ortho
position of an aromatic ring takes place, via a six-membered
transition state [24-26]. However, there is a growing body of
evidence to support that the reaction follows a stepwise mecha-
nism to eliminate a neutral molecule from the molecular ion [21].
Product ion spectra from the haloanilines in the study showed
distinctive peak patterns among ortho isomer and meta or para
isomers demonstrating that the effect provided by ortho-amine
function played a significant role in the MS fragmentations. Gen-
erally, ortho effect leads to loss of a neutral molecule, although
peaks corresponds to loss of a radical has also been reported
[27]. In the present study, the results indicate loss of both
neutral molecule and radical in the CID mass spectra of ortho-
haloanilines.

3.1. Chloroaniline isomers

The CID mass spectrum of ortho-chloroaniline was different
from those of meta and para isomers. The ions at m/z 93, 92, 65 are
formed by the losses of chlorine radical (35 Da) or hydrogen chlo-
ride (36 Da) and hydrogen cyanide (27 Da) respectively; the meta
and para isomers exhibited peaks at m/z 111 [M+H-NH3]*, m/z 93
[M+H-CI*]* and m/z 75 [M+H-NH3-HCI]*. Chlorine at meta posi-
tion influence the removal of ammonia molecule hence the relative
intensities of peak at m/z 111 in meta isomer is almost double that
of the para isomer.
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Fig.3. CID Production spectraof protonated H/D exchanged 2,4-dichloroaniline (A), 3,5-dichloroaniline (B), 3,4-dichloroaniline (C) 2,6-dichloroaniline (D), 2,5-dichloroaniline

(E) and 2,3-dichloroaniline (F) obtained by MS-MS.
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Fig. 4. B3LYP/6-31+G(d,p) optimized geometries.

3.2. Dichloroaniline isomers

Our CID mass spectral analysis of ortho-chloroanilines substi-
tuted with one more chlorine at positions 3/4/5 or 6 (2,3; 2,4; 2,5
and 2,6-DCA) clearly showed two distinctive peaks at m/z 126 and
127 due to loss of neutral molecule HCI and loss of chlorine radical
respectively. In case of 3,5-dichloroaniline and 3,4-dichloroaniline,
the most intense peak was m/z 127, and peak at m/z 126 was absent
in the CID mass spectra (Fig. 2) indicating that neutral loss of H3°Cl
was primarily due to the interaction between the amine function
and the chlorine atom at the ortho position. When amine function
is not in proximity with chlorine atom, as no active hydrogen is
available for a neutral loss of hydrogen chloride, loss of chlorine
radical or ammonia has taken place as an alternative pathway.

To confirm this observation, experiments were performed on N-
deuterated DCA isomers ([N,N-2H, |dichloroanilines). The CID mass
spectra of N-deuterated ortho-chloroanilines (2,3; 2,4; 2,5 and 2,6-
DCA) showed a peak at m/z 128 corresponding to the neutral loss of
D35C1(37 Da) (Fig. 3). This observation confirms the ortho effect and
revealed that the neutral loss of D3°Cl may have taken place through
either formation of aza-biheterocyclic intermediate or via a het-
erolytic hydrogen transfer from the charged center. Subsequently,
in case of 2,6-DCA, loss of hydrogen cyanide leads to fragment at
m/z 99 and elimination of the second chlorine atom as hydrogen
chloride has resulted in the formation of fragments at m/z 90, which

indicates that probably hydrogen atom of the eliminated hydro-
gen chloride was either from the aromatic ring or from the amine
function. Studies on deuterated 2,6-DCA has resulted in the for-
mation of a more intense ion peak of m/z 91 and relatively less
intense ion peak of m/z 92 which suggests that loss of D3Cl and
H35Cl respectively. The experimental results indicate the second
neutral loss of H35Cl is due to the interaction of the ortho- chlorine
with the hydrogen available either from the amine function or the
aromatic ring. From this experimental results we have proposed
two fragmentation pathways. Density functional theory (DFT) cal-
culations suggested that the aza-biheterocyclic intermediates are
energetically feasible. Two fused aziridine systems we have taken
for DFT calculations are found to be stable electronically (Fig. 4).
The frequency calculations suggest that both the structures lie in
local minima.

From these observations, we propose two types of fragmen-
tation pathways for DCAs: (a) formation of aza-biheterocyclic
intermediate and (b) via a heterolytic hydrogen transfer from
the charged center (Scheme 1). For 3,5-dichloroaniline and 3,4-
dichloroanilines, ions at m/z 127 and 130 (deuterated analog)
are formed by the loss of chlorine radical. A peak at m/z 145
was observed due to the neutral loss of NH3 and ND;3 in the
respective non deuterated or deuterated analogs. The differences
are not enough to distinguish the 3,4 and 3,5-dichloroanilines
(Figs. 2 and 3).
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Scheme 1. The proposed fragmentation pathways of 2,6-DCA.
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Fig.5. CID Production spectra of protonated 3,4-difluoroaniline (A), 2,5-difluoroaniline (B), 2,4-difluoroaniline (C), 3,5-difluoroaniline (D), and 2,3-difluoroaniline (E) obtained

by MS-MS.
3.3. Difluoroaniline isomers

The only reported mutagen in the difluoroaniline category we
have studied is 2,4-difluoroaniline. The difluoroanilines (DFA) iso-
mers, (2,3; 2,4; 2,5; 3,4 and 3,5-DFA) showed a peak at m/z 110
due to loss of HF (20Da) (Fig. 5). However, no radical cations

Relative intensity

were observed for these fluorine isomers, which may be due to
high electronegativity of fluorine atom. For meta-difluoroanilines
(3,4 and 3,5-DFA), since no active hydrogen atom was available,
the electronegative fluorine has taken a hydrogen atom from
the aromatic ring leading to the loss of neutral HF molecule. A
peak at m/z 113 represented a formal neutral loss of NH3 (for
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Fig. 6. CID Product ion spectra of protonated 2-chloro-4-fluoroaniline (A), 4-chloro-2-fluoroaniline (B), 3-chloro-4-fluoroaniline (C) 4-chloro-3-fluoroaniline (D), 2-chloro-
6-fluoroaniline (E) and 3-chloro-2-fluoroaniline (F) by MS-MS.
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all the meta-DFA isomers (3,4 and 3,5-DFA) as well 2,3-DFA. Two
base peaks at m/z 90 and 83 in the CID mass spectra of all DFA
isomers, represent the loss of second neutral HF and HCN molecules
respectively. Except the difference in relative intensities of ion at
m/z 110 for 2,4-DFA and 2,5-DFA, CID mass spectra may not able
to provide much help to differentiate the 2,4-DFA from the other
isomer.

3.4. Chloro-fluoroaniline isomers

No data is available for mutagenic potency of chloro-
fluoroanilines  (CFA) and  bromo-fluoroanilines  except
4-bromoaniline [5] which was found to be non-mutagenic by
Ames test and structure-activity relationship (SAR) analysis. In
the case of CFAs with chlorine atom in ortho positions, we have
observed the loss of HCl and chlorine radical. In case of 2-chloro-
6-fluoroaniline which has both the fluorine and chlorine atoms
positioned in the two ortho positions, competitive elimination may
be expected between the chlorine and fluorine atoms, however
elimination of HCI favours due to the reason that C-F bond is
comparatively stronger than the C-Cl bond. In the case of 4-
chloro-3-fluoroaniline and 3-chloro-4-fluoroaniline in which both
the ortho positions are unoccupied, the loss of either ammonia
or chlorine radical was predominant. 2-chloro-4-fluoroaniline
and 4-chloro-2-fluoroaniline can be distinguished each other by
the presence of distinct ion peak at m/z 83 which corresponds
to fluoro cyclopentadiene ion present in 2-chloro-4-fluoroaniline
spectra (Fig. 6A) and ion peak at m/z 99 observed in 4-chloro-
2-fluoroaniline spectra (Fig. 6B) which corresponds to chloro
cyclopentadiene ion. Neutral loss of HF was observed only in
4-chloro-2-fluoroaniline which corresponds to peak at m/z 126,
this unique ion peak can be used to differentiate both the CFA
isomers (Fig. 6).

3.5. Bromo-fluoroaniline isomers

Four bromo-fluoroanilines (BFA) (2-bromo-4-fluoroaniline,
3-bromo-4-fluoroaniline, 4-bromo-3-fluoroaniline and 5-bromo-
2-fluoroaniline) were analyzed and their CID mass spectra
were recorded. As expected, due to ortho effect only 2-bromo-
4-fluoroaniline received assistance from neighbouring amine
function leading to the loss of both HBr and bromine radical, and the
rest of BFA isomers demonstrated only the elimination of bromine
radical. With the ortho effect provided by the amine function, more
fragments due to loss of HF and HCN were reported for 5-bromo-
2-fluoroaniline. Elimination of bromine radical was predominant
over the loss of HBr since bromine radical was the most stable
radical among the haloanilines we have investigated.

4. Conclusions

In CID mass spectral studies of haloanilines, it has been observed
that the ortho effect provided by neighbouring amine function leads
to loss of both a neutral molecule and a radical with the exception of
the fluoroanilines. In fluoroanilines we have observed peaks corre-
sponds neutral loss, due to the strong electronegativity of fluorine
atom. As the result of ortho effect, an aza-biheterocyclic inter-
mediate may be generated. The H/D exchange experimental data
support the proposed fragmentation pathways. With the strong
ortho effect, more fragments were possible for ortho-haloanilines
than the meta or para isomers under equivalent experimental con-
ditions. Initial elimination of ammonia occurred in case of meta and
para haloanilines. Based on these findings, it can be concluded that
protonated haloanilines follow a similar fragmentation pathway
with the exception of DFA and ortho-haloanilines can be distin-
guished from their meta or para isomers using CID experiments.

Hence the understanding of the mass spectrometric fragmenta-
tion of these potential genotoxic compounds can facilitate the
identification and differentiation of haloaniline isomers as minor
impurities in chemical process development.
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