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Abstract Herein, we report the synthesis and mass spec-
trometry studies of several N-alkylbenzenesulfonamides
structurally related to sulfanilic acid. The compounds
were synthesized using a modified Schotten—-Baumann
reaction coupled with Meisenheimer arylation. Sequen-
tial mass spectrometry by negative mode electrospray
ionization (ESI(—)-MS/MS) showed the formation of sul-
foxylate anion (m/z 65) observed in the mass spectrum of
p-chloro-N-alkylbenzenesulfonamides. Investigation of
the unexpected loss of two water molecules, as observed
by electron ionization mass spectrometry (EI-MS) analy-
sis of p-(N-alkyl)lactam sulfonamides, led to the pro-
posal of corresponding fragmentation pathways. These
compounds showed loss of neutral iminosulfane dioxide
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molecule (M-79) with formation of ions observed at m/z
344 and 377. These ions were formed by rearrangement on
ESI(+)-MS/MS analysis. Some of the molecules showed
antagonistic activity against Kv3.1 voltage-gated potas-
sium channels.

Keywords N-alkylbenzenesulfonamides - Mass
spectrometry - ESI-MS/MS - Kv3.1

Introduction

The benzene sulfonamides are amides of sulfanilic acid,
characterized by the presence of Ar—SO,—NR'R” groups.
The most widely used synthetic method for the prepara-
tion of sulfonamides is by using Schotten—Baumann reac-
tion conditions, which involves the condensation of acid
chloride with an amine in the presence of a base (Deng and
Mani 2006; Smith and March 2001). These compounds are
known to be antibacterial agents (Joshi and Khosla 2003)
and are also reported to inhibit the activity of carbonic
anhydrase and cyclooxygenases (COX-1 and COX-2)
(Supuran et al. 1998; Dannhardt and Kiefer 2001; Li et al.
1995). They also have anticancer (Scozzafava et al. 2002),
anti-HIV (Bromidge et al. 2002), antifungal and antituber-
culosis (Goodman 1996) activity.

The structure of sulfonamides is very similar to para-
aminobenzoic acid (PABA), and they inhibit the bacterial
growth and multiplication by competition with PABA for
the active site of the dihydropteroate synthase enzyme,
which is an essential precursor for bacterial synthesis
of folic acid, an important precursor in the synthesis of
nucleic acids (Supuran et al. 1998). PABA derivatives and
analogs are known to be local anesthetics (LA) (Gongalves
et al. 2011) and block nerve conduction, reversibly binding
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cell membranes (Gouauax and Mackinnon 2005).

Ion channels are a class of transmembrane proteins
responsible for promoting the selective passage of ions,
such as sodium (Na%), potassium (K™), chloride (CI7),
and calcium (Ca’") (Gongalves et al. 2011; Lii and Frank
2008). The selective movement of ions across cell mem-
branes is related to many physiological processes, such
as the control of the neurons and muscle excitability, the
generation and propagation of action potentials, release
of neurotransmitters, and setting of cardiac rhythms and
muscle tones. They also play an important role in hormone
secretion, cell volume regulation, gene expression, immune
response, and cell division. Ion channel dysfunctions are
involved in several pathological conditions such as hyper-
tension, pain, insomnia, diabetes, and constipation (Lii and
Frank 2008). In this context, it has been shown that mal-
functioning of voltage-dependent potassium channels (Kv)
is implicated in cardiac arrhythmia, epilepsy, multiple scle-
rosis, diabetes, and arthritis and thus can be taken as impor-
tant therapeutic targets (Wulf et al. 2009) for the control of
such pathological conditions. In the face of these findings,
the development of novel compounds whose therapeu-
tic action is directed to these types of voltage-dependent
ionic channels seems crucial. Benzene sulfonamides were
reported as potent and selective blockers of Kv1.5 (Gross
et al. 2007; Lloyd et al. 2007; Olsson et al. 2014) and its
use has been suggested in the treatment of atrial fibrilla-
tion (Wulf et al. 2009), the most common type of cardiac
arrhythmia. Recently, Olsson et al. (2014) reported a series
of lactam sulfonamides as potent inhibitors of Kv1.5 (Ye
et al. 2009).

Herein, we show the synthesis and chemical charac-
terization by different spectroscopic and spectrometric
techniques of several benzene sulfonamides with poten-
tial activity against potassium ion channels. A number
of synthesized sulfonamides have the N-(aminoalkyl)
lactam moiety in their structures. Lactam groups
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N-(3-aminopropyl)-2-pyrrolidinone (APP), which have
been described as inhibitors of human tryptase, an impor-
tant mediator in asthma (Zhao et al. 2004), and HIV-1 pro-
tease, respectively (Ghosh et al. 2009).

All sulfonamides were studied by mass spectrometry
technique using ion fragmentation in the gas phase provid-
ing useful information regarding the reaction mechanism,
in addition to classical analyses using electron ionization
as ion source (EI-MS) (Irikura and Todua 2014). There are
some studies using electrospray ionization mass spectrom-
etry (ESI-MS) of the cationic sulfonamide derivatives (Sun
et al. 2007; Hu et al. 2010), and only recently investigations
into negative ion conditions have been reported (Hibbs
et al. 2013; Hu et al. 2008).

The techniques used in these studies are: mass spec-
trometry with electron ionization (EI-MS), high-resolution
mass spectrometry (HRMS) in the positive (ESI(4)-MS)
and negative (ESI(—)-MS) modes and tandem experiments
(ESI-MS/MS).

Results and discussion
Synthesis of N-alkylbenzenesulfonamides

Synthesis of the p-chloro-N-alkylbenzenesulfonamides
(1-8) was performed by reaction between a benzenesulfo-
nyl chloride with different amines, according to the litera-
ture (Lt and Frank 2008). Because of the pharmacological
importance of the lactam group (Zhao et al. 2004; Ghosh
et al. 2009) and due to a recent report of Olsson et al.
(2014) about lactam sulfonamides as potent inhibitors of
Kv1.5 (Olsson et al. 2014) channels, the second step of this
work was to use p-chloro-N-alkylbenzenesulfonamides as
intermediate for the synthesis of p-(N-alkyl)lactam sulfona-
mides (9-20) (Scheme 1). The formation of p-(N-alkyl)
lactam sulfonamides was performed through a nucleophilic
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aromatic substitution reaction (SyAr) by modifying the
methodology of SyAr reactions previously described by
Gongalves et al. (2011). Compounds 2 and 4 were also
reacted with amino lactams, but due to the absence of nitro
group no reaction occurred.

Mass spectrometry study of the
p-chloro-N-alkylbenzenesulfonamides (1-8)

An MS study was performed for p-chloro-N-alkylsulfon-
amides (1-8). As an example of the results obtained, two
cases can be discussed, compounds 4-chloro-3-nitro-N-fur-
furylbenzenesulfonamide (1) and 4-chloro-N-furfurylben-
zenesulfonamide (2). These compounds were chosen for
comparison of their MS spectra to know the influence of
the nitro group in the fragmentation mechanisms.

MS study of compounds 1 and 2 was performed by
EI-MS, ESI(—)-MS and ESI(—)-MS/MS. Figure 1 shows
the EI-MS spectrum of compound 1. Molecular ion was
observed at m/z 316. The base ion at m/z 95 corresponds
to furfurylimine. Furfuryl ion of m/z 81 and other fragment
ions were also observed in the spectrum.

The EI-MS spectrum of compound 2 showed the same
fragmentation pattern as described for compound 1 (spec-
trum is shown in supplementary material) and, therefore,
the group at position 3 in the benzene ring (H or NO,)

seems not to change the fragmentation mechanism of
p-chloro-N-alkylbenzenesulfonamides (1-8).

The ESI-MS in the negative ion mode of the compounds 1
and 2 allowed the observation of compounds as intact depro-
tonated molecules with their corresponding isotopic patterns
of the ions with m/z 315 and m/z 317 for 1 and m/z 270 and
m/fz 272 for 2 (corresponding to chlorine isotope pattern). The
deprotonated molecules were selected and fragmented by
sequential MS experiments (ESI(—)-MS/MS). Spectrum of
1 showed the 4-chloro-3-nitrobenzyl anion of m/z 156 as the
100 %. Fragment anions of m/z 220 (4-chloro-3-nitrobenzene-
sulfonyl anion) and m/z 65 corresponding to sulfoxylate anion
were also observed (Fig. 2). On the other hand, spectrum of 2
showed sulfoxylate anion (72/z 65) as the base anion. Fragment
anions of m/z 111 and 175 were attributed to 4-chlorobenzyl
and 4-chlorobenzenesulfonyl anions, respectively (Fig. 3).

The fragmentation path shown by anionic sulfonamides
involved the formation of sulfoxylate ion of m/z 65 as
described in Fig. 2, differently from the loss of neutral mol-
ecule of sulfur dioxide (SO,) (Irikura and Todua 2014; Sun
et al. 2007; Hibbs et al. 2013; Lloyd et al. 2007).

In view of the differences between the fragments observed
(formation of sulfoxylate anion) and that reported by Hibbs
et al. (2013), it is possible to propose a fragmentation mech-
anism to explain the formation of the anion HSO,~ with m/z
65. The proposed mechanism (Scheme 2) showed the loss
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Scheme 2 The proposed
mechanism for the formation of
sulfoxylate anion (SO,H™ with
m/z 65) of compound 2
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Scheme 3 The proposed
mechanism for the formation of
the sulfoxylate anion (SO,H™
with m/z 65) for compound 1
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of neutral furfurylimine molecule generating the fragment
anion of m/z 175, which was attributed to 4-chlorobenze-
nesulfonyl anion. This anion can undergo an intramolecular
rearrangement process resulting in a neutral loss of chlo-
robenzyne and formation of the sulfoxylate anion with m/z
65. The same fragment lost a neutral molecule of SO, and
gave rise to the 4-chlorobenzyl anion of m/z 111 following
the mechanism reported by Hibbs et al. (2013).

In the case of compound 2 (Scheme 2), where there is
not a strong m-electron withdrawing group (as the NO,
group) at position 3 of the benzene ring, the formation of
anion fragment m/z 65 (base ion in the spectrum of 2) and
the neutral loss of chlorobenzyne molecule are the most
favored processes.

In the spectrum of compound 1, the presence of nitro
group stabilized 2-chloronitrophenyl anion of m/z 156
(main anion) and the neutral loss of SO, as reported by
Hibbs et al. (2013) (Scheme 3).
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Our proposed mechanism (Schemes 2, 3) explains the
behavior of a series of p-chloro-N-alkylsulfonamides under
ionization at negative mode conditions. The formation of
sulfoxylate anion was observed for all p-chloro-N-alkylsul-
fonamides (1-8). Synthesis and complete characterization
can be found in the Supplementary Material.

Mass spectrometry study of the p-(N-alkyl)
lactam sulfonamides (9-20)

Compounds 9 and 10 were chosen to exemplify the MS
study of compounds 9-20. EI-MS spectra of 9 and 10
(Figs. 3 and 4, respectively) show their respective molec-
ular ions of m/z 423 and m/z 451. The formation of the
base peak of m/z 98 to compound 9 and m/z 126 for com-
pound 10 involves the breaking of bonds in the alkyl chain
of the N-substituent (Fiedorow et al. 2005). The ion frag-
ments formed by the transfer of two hydrogen atoms via
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Fig. 4 EI-MS spectrum of
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McLafferty rearrangement (m/z 86 for 9 and m/z 114 for
10) were also observed. This type of double rearrangement
proceeds via formation of ion/neutral complex, followed
by abstraction of the hydrogen atom from the amino group
(Zhao et al. 2004; Fiedorow et al. 2005; Yamaoka et al.
2004) as shown in Scheme 4.

Interestingly, it was observed that the fragment ions
M-—36 attributed to the loss of two water molecules (m/z
387 for 9 and m/z 415 for 10) by EI-MS analysis. The
loss of a water molecule is the result of so-called “ortho
effect” characteristic of the fragmentation of N-alkyl-
ortho-nitroanilines (Danikiewicz 1998). This fragmenta-
tion occurs from the rearrangement of a hydrogen atom
from the amino group to oxygen atom of the nitro group,
resulting in an sp? bond between nitrogen and carbon. After
delocalization of negative charge, the transfer of the other
hydrogen atom (from a-alkyl carbon) occurs to oxygen of
the nitro group, resulting in a loss of the first water mol-
ecule (Danikiewicz 1998) generating the fragment M—18
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ion/neutral complex

(Scheme 5). The second loss of water molecule occurs by
the rearrangement of a hydrogen atom of the B-lactam car-
bon to the lactam oxygen atom via a McLafferty rearrange-
ment. After delocalization of negative charge, the hydrogen
is transferred from a-lactam carbon to carbonyl lactam, fol-
lowed by an elimination of the second water molecule gen-
erating the fragment ions M—32 of m/z 387 for 9 and m/z
415 for 10.

The fragment ions at m/z 304 and 320 present in both
compounds (independent of the lactam ring) correspond to
consecutive loss of water molecule (Fiedorow et al. 2005)
followed by a McLafferty rearrangement with formation
of three or four heterocyclic fragment members. The loss
of water molecule occurs by ortho effect characteristic of
the fragmentation of N-alkyl-ortho-nitroanilines (Danikie-
wicz 1998) generating the M—18 fragment as shown in
Scheme 5, followed by neutral loss of methyl lactam (m/z
304) or lactam (m/z 320). Scheme 6 summarizes the pos-
sibilities of fragmentation of the M—18 species.
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Scheme 5 The proposed
mechanism for consecutive

loss of two water molecules for — _| * — — — _| *
compounds 9 and 10 (O o~ o 0 /5
Hl?l Hl}l — Hl}l Hl}l
0=5%0 o=|s—o' 0=5=0 0=5=0
¢
= 1 -H
+.0 )+£E) - NG Y6) —>20 _
N N >N N2
N2 O N OH H._N OH y
H_ 5 Z
H ‘_/ H-3
")
X)N_/V/O X)Njo EN—7¢O X)N—7¢O
n " n ] "™ M-1g
n=1,m/z423
n =3, m/z451 l
—l ¥ _I + _I +
OE /) OE /> OE />
HIN HI HI\
0=8=0 0=S=0 0=8=0
< MO
- _
N=O N=0 | SNo
N N ( N
~
ol

The ESI-MS analysis in the positive ion mode of com-
pounds 9 and 10 allowed their detection as intact proto-
nated molecules with their corresponding isotopic patterns
with m/z 423 for 9 and m/z 451 for 10. The sodium cations
[M+Na]™ were also observed with m/z 445 and m/z 473,
respectively.

The protonated molecules were selected and fragmented
by sequential MS experiments (ESI(+)-MS/MS) (Fig. 5).
The base peak observed for both 9 and 10 was the furfuryl
ion of m/z 81. Both compounds showed the fragment ion
corresponding to the respective N-allyl-lactam ring of m/z
126 for 9 (N-allyl-lactam five-members ring) and m/z 154
for 10 (N-allyl lactam seven-member ring), formed by neu-
tral loss of the anilines R-Ph—NH, (Gongalves et al. 2011).

Differently from the results observed in the EI-MS
study, the ESI-MS results did not show the fragment ions
which correspond to the two loss of water (M—36). Instead,
the compounds showed an interesting pattern with the frag-
ment ions M—46 and M—79. The pattern M—46 was attrib-
uted to a neutral loss of nitrogen dioxide molecule (NO,)

(Gongalves et al. 2011; Morgan et al. 2014) (Scheme 7)
generating the fragment ions of m/z 377 for compound 9
and m/z 405 for compound 10.

The second pattern observed for the compounds 9-20
was the loss of neutral iminosulfane dioxide molecule
(M—79) which generated the fragment ions m/z 344 for
9 and m/z 372 for 10. This fragmentation pathway occurs
through intramolecular rearrangement displayed in
Scheme 8.

The fragmentation pattern showed for compounds 9 and
10 were observed in the ESI(4-)-MS/MS mass spectra of all
synthesized p-(N-alkyl)lactam sulfonamides (9-20).

Biological activity of compounds 1, 3 and 9

A series of N-alkylbenzenesulfonamides were tested for
their effects on potassium ion channels by using electro-
physiological recordings of ionic currents with the patch
clamp technique (Hamill et al. 1981). As shown in Fig. 6,
compounds 1, 3 and 9 are blockers of Kv3.1 channels. In
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Scheme 6 Possible pathways
for fragmentation of M—18
species
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the presence of the drugs, the current rises and then decays
to a new steady state, suggesting an interaction with the
channel in the open state.

Dose-response relationships were constructed for each
of the compounds referred in Fig. 6, the Hill equation was
fitted to the data points and their ICs, and Hill coefficients
are shown in Table 1.

The binding of the molecule to the channel is reversible
upon washout of the drug from the bath solution. Prelimi-
nary studies of the effects of these compounds on Kv1.3
and Kv1.4 shows a much lower affinity than that reported
above for the Kv3.1 channels. Detailed characterization
of the mechanism of action of the compounds on the ion
channels are being carried out.
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Conclusions

We showed that the nitro group does not affect the frag-
mentation pattern of compounds (1-8) by ESI(—)-MS/
MS; however, it influences the mechanism of formation
of sulfoxylate with m/z 65. EI-MS spectra for the p-sub-
stituted aminolactams (9—20) showed the loss of two water
molecules, which is associated with the ortho effect pre-
sent in the N-alkyl-ortho-nitroanilines and a McLafferty
rearrangement. ESI(+)-MS/MS spectra of such com-
pounds showed the loss of M—79, which corresponds to
iminosulfane dioxide (SO,NH) and also the loss of nitro
group (M—46). The synthesized molecules are under cur-
rent investigation for their inhibitory activity of potassium
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channels and some molecules have already shown positive
results.
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Experimental section
Materials and methods

The reagents used in this work (4-chlorobenzenesulfonic
chloride, N-(3-aminopropyl)-2-pyrrolidone (APP), ben-
zylamine, butylamine, furfurylamine, cyclohexylamine,
4-chlorobenzylamine, 2,4-dichlorobenzylamine, hydro-
chloric acid and solvents: 99 % ethanol, acetonitrile and
dimethylsulfoxide) were all commercially obtained and
used without further purification.

General procedure for the synthesis of p-chloro-N-alkylb
enzenesulfonamides (1-8)

4-Chloro-3-nitrobenzenesulfonyl chloride (1 equiv.) and
different amines (2 equiv.) were added to a 50 mL round-
bottomed flask and dissolved in acetonitrile (25 mL). The
contents were then stirred for 1-2 h at room temperature.
Afterward, the solvent was removed under vacuum and
the product was washed with a dilute solution (5 %) of
NaHCOj; and filtered.
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Scheme 8 The proposed + +
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Fig. 6 Compounds 1 (a), 3 (b) and 9 (c¢) block ionic currents through
Kv3.1 channels. The currents were elicited by a voltage pulse from
—88 to +32 mV (70 ms). Black lines represent the currents in control

Table 1 Characteristics of sulfonamides 1, 3 and 9 blockade of
Kv3.1 channel

Identification IC5, (WM) Hill coefficient
Compound 1 (N =5) 16.9 + 0.6 1.5+ 0.06
Compound 3 (N =9) 125 +£0.5 1.72 £ 0.05
Compound 9 (N =5) 343+09 1.61 + 0.06

N is the number of cells tested in each experiment
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conditions and gray lines are the current responses in the presence of
the particular compound at a concentration of 80 uM

General procedure for the synthesis of p-(N-alkyl)lactam
sulfonamides (9-20)

p-Chloro-N-alkylbenzenesulfonamides (1-8) (1 equiv.) and
aminolactam N-(3-aminopropyl)-2-pyrrolidinone (APP)
(1.25 equiv.) or N-(3-aminopropyl)-2-azepanone (APA)
(1.25 equiv.) were added to a 50 mL round-bottomed flask
and dissolved in dimethylsulfoxide (10 mL) for a nucleo-
philic aromatic substitution reaction (SyAr). The contents
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were then stirred in a reflux system for 1-2 h at 85 °C.
Afterward, the solvent was removed with frozen water and
the product was treated with diluted HCI (5 %) for removal
of amino-lactam excess. The crude product was filtered off
and recrystallized from 1:1 ethyl ether—petroleum ether (bp
60-80 °C). All obtained compounds were structurally con-
firmed by '3C and 'H NMR analyses (see Supplementary
material).

Methodology of the study by mass spectrometry

EI-MS spectra of all compounds were obtained by direct
introduction of the samples in the mass spectrometer
GC-MS Shimadzu QP-2010 Plus. The parameters used
for these analyzes were: interface temperature, 240 °C;
ionization chamber temperature, 300 °C; solvent cutting
time, 0.25 min; start time, 0.30 min; end time, 25.0 min.
DI temperature program: initial temperature of 50 °C,
with heating at 20 °C min~! to 350 °C and hold time of
10 min.

ESI-MS spectra were obtained using a mass spectrom-
eter Agilent ifunnel Q-TOF 6550 LC-MS with source Dual
Agilent Jet Stream ESI (Dual AJS-ESI). The solution of the
samples was directly injected into the ESI source using an
autosampler FIA at flow rate of 1 uL min~! at 25 °C. The
solutions were eluted in a gradient of 20 % water (0.1 %
formic acid) and 80 % methanol (0.1 % formic acid) for
ESI(+), and gradient 20 % water (0.1 % ammonium ace-
tate) and 80 % methanol (0.1 % ammonium acetate) for
ESI(—). Mass spectra of sulfonamide by ESI-MS and
ESI-MS/MS were acquired using the following operat-
ing conditions: capillary voltage £3 kV, drying gas flow
10 L min~', drying gas at 250 °C, nebulizer gas at 50 psi.
The system was operated for acquisitions in the mass range
of 50-1500 m/z. For MS/MS experiments, collision energy
varied between 5 and 25 V using N,. Acquisition and data
processing were performed using the Agilent MassHunter
Workstation software (B.06.01 version).

Methodology of the study of biological activity

For the in vitro studies, we used the 1.-929 cell line sta-
bly expressing Kv 1.3 and 3.1 channels and CHO cell
line, stably expressing Kv1.4. Cells were voltage clamped
at a holding potential of —88 mV and pulsed to +32 mV
(70 ms) to activate the potassium currents, essentially as
described in Rodrigues et al. (2003). The bath solution had
the following composition (in mM): 155 NaCl, 1.0 MgCl,,
2.0 CaCl,, 5.0 HEPES and 4.5 KCl, pH 7.4 (NaOH) and
osmolality of 300-310 mOsm/kg H,O. The pipette solution
was composed of (in mM): 155 KF, 5.0 EGTA, 10 HEPES,
2.0 MgCl, and 1.0 CaCl,, pH 7.2 (KOH) and osmolal-
ity of 290-300 mOsm/kg H,O. The series resistance was

electronically compensated up to 80 % when currents
exceeded 2.0 nA. The signal was low-pass filtered at
5.0 kHz and acquired at 20 kHz through an AxoPacth 200B
amplifier (Axon Instruments®, Foster City, CA, USA) con-
nected to an A/D and D/A converter Digidata 1440A (Axon
Instruments®). The data were analyzed with Origin 8.0
software (OriginLab®, Northampton, MA, USA). Chemi-
cals used for electrophysiological studies were purchased
from Sigma (St Louis, MO, USA).

4-Chloro-3-nitro-N-furfurylbenzenesulfonamide (base
consulted = CSID:2362584) (1)

Beige solid (0.434 g, 68.7 %), mp = 131.8-132.4 °C;
MM = 316.17 g mol~!. '"H NMR (600 MHz, DMSO) §
8.62 (s, 1H), 8.31 (d, J = 2.1 Hz, 1H), 7.96 (d, J = 2.0 Hz,
1H), 7.95 (s, 1H), 7.40 (dd, J = 1.8, 0.8 Hz, 1H), 6.24 (dd,
J=32,19Hz, 1H), 6.17 (d, J = 3.2 Hz, 1H), 4.13 (s, 2H).
3C NMR (151 MHz, DMSO) 8 149.87, 147.13, 142.59,
141.09, 132.82, 131.25, 129.01, 123.86, 110.27, 108.51,
39.16. EI-MS m/z found: 316. ESI(—)-MS m/z found:
314.98674, m/z calculated for [C,H¢CIN,O;S—H]:
314.98479.

4-Chloro-N-furfurylbenzenesulfonamide (base con
sulted = CSID:91535) (2)

Brown solid (0.320 g, 59 %), mp = 118.7-119.9 °C;
MM = 271.72 g mol ™. '"H NMR (400 MHz, CDCl,) 3
7.76-7.74 (m, 1H), 7.74-7.72 (m, 1H), 7.45-7.44 (m, 1H),
7.44-7.42 (m, 1H), 7.22 (dd, J = 1.8, 0.7 Hz, 1H), 6.22
(dd, J = 3.2, 1.9 Hz, 1H), 6.09 (dd, J = 3.2, 0.6 Hz, 1H),
4.84 (t, J = 5.5 Hz, 1H), 4.21 (d, J = 6.0 Hz, 2H). 1’C
NMR (101 MHz, CDCl,) 8 149.31, 149.30, 142.73, 139.20,
138.69, 138.67, 129.37, 128.64, 110.53, 108.60, 108.59,
40.20. EI-MS m/z found: 271. ESI(—)-MS m/z found:
270.00074, m/z calculated for [C,H;,CINO;S—H]:
269.99972.

4-Chloro-3-nitro-N-butylbenzenesulfonamide (CAS No.
96-61-7) (3)

White yellow solid. (0.450 g, 77 %), mp = 68-69 °C;
MM = 292.73 g mol~!. 'H NMR (400 MHz, DMSO)
8§ 8.42 (d, J = 1.8 Hz, 1H), 8.05 (dd, J = 8.5, 2.0 Hz,
1H), 8.02 (d, J = 8.3 Hz, 1H), 7.95 (t, J = 5.8 Hz, 1H),
2.80 (dd, J = 12.8, 6.9 Hz, 2H), 1.40-1.32 (m, 2H),
1.24 (sext, J = 14.0, 7.0 Hz, 2H), 0.81 (t, J = 7.3 Hz,
3H). 3C NMR (101 MHz, DMSO) 8 147.45, 140.88,
133.09, 131.26, 129.12, 123.86, 42.21, 31.05, 19.12,
13.40. EI-MS m/z found: 392. ESI(—)-MS m/z found:
291.02251, m/z calculated for [C,,H;5CIN,O0,S—H]:
291.02118.
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4-Chloro-N-butylbenzenesulfonamide (CAS No. 6419-73-4)
4)

White solid. (0.164 g, 33.1 %); mp = 46465 °C;
MM = 247.74 g mol ™. '"H NMR (400 MHz, CDCl,) 3
7.84-7.76 (m, 2H), 7.53-7.44 (m, 2H), 4.81 (t, / = 5.9 Hz,
1H), 2.93 (dd, J = 13.3, 6.9 Hz, 2H), 1.47-1.40 (m, 2H),
1.32-1.23 (m, 2H), 0.84 (t, J = 7.3 Hz, 3H). 3C NMR
(101 MHz, CDCl;) 3 139.16, 138.65, 129.49, 128.64,
43.07, 31.67, 19.78, 13.62. EI-MS m/z found: 247.
ESI(—)-MS m/z found: 246.03720, m/z calculated for
[C;oH4CINO,S—H]: 246.0361.

4-Chloro-3-nitro-N-benzylbenzenesulfonamide (CAS No.
82835-65-2) (5)

Yellow solid (0.465 g, 71.2 %), mp = 93-95 °C;
MM = 326.75 g mol~!. 'H NMR (600 MHz, DMSO)
8.60 (t, J = 6.3 Hz, 1H), 8.30 (d, J = 2.1 Hz, 1H), 7.98 (dd,
J =8.4,2.1Hz, 1H), 7.92 (d, J = 8.4 Hz, 1H), 7.25-7.15
(m, 5H), 4.10 (d, J = 6.2 Hz, 2H). '3C NMR (151 MHz,
DMSO) § 147.13, 141.17, 136.85, 132.94, 131.31, 129.09,
128.19, 127.80, 127.23, 123.98, 46.22. EI-MS m/z found:
325. ESI(—)-MS m/z found: 325.00784, m/z calculated for
[C,5H,,CIN,0,S—H]; 325.00553.

4-Chloro-3-nitro-N-cyclohexylbenzenesulfonamide (base
consulted = CSID:5876919) (6)

Yellow solid (0.473 g, 744 %), mp = 39-40 °C;
MM = 318.04 g mol~!. 'H NMR (400 MHz, DMSO)
§ 8.45 (d, J = 2.1 Hz, 1H), 8.09-8.06 (m, 1H), 8.02 (t,
J = 7.4 Hz, 2H), 3.08-3.00 (m, 1H), 1.59 (d, J = 9.5 Hz,
4H), 1.19-1.02 (m, 5H). *C NMR (101 MHz, DMSO)
§ 14736, 142.57, 133.10, 131.01, 128.97, 123.66,
52.25, 33.18, 24.74, 24.23. EI-MS m/z found: 318.
ESI(—)-MS m/z found: 317.03874, m/z calculated for
[C,,H,sCIN,0,S—H]: 317.03683.

4-Chloro-3-nitro-N-4-chlorobenzylbenzenesulfonamide (7)

Yellow solid (0.500 g, 69.2 %), mp = 107-109 °C;
MM = 361.20 g mol~!. 'H NMR (600 MHz, DMSO)
§ 8.71-8.65 (m, 1H), 8.29 (s, 1H), 8.00-7.95 (m, 1H),
7.92 (d, J = 8.4 Hz, 1H), 7.30-7.24 (m, 2H), 7.21 (d,
J = 8.5 Hz, 2H), 4.09 (d, J = 6.0 Hz, 2H). '*C NMR
(151 MHz, DMSO) § 147.57, 141.53, 136.43, 133.41,
132.39, 132.03, 131.77, 131.19, 130.08, 129.62, 128.59,
124.43, 123.01, 45.88. EI-MS m/z found: 360. ESI(—)-MS
m/z found: 358.96628, m/z calculated for [C,3H;,Cl,N,0O,
S—H]™: 358.96656.
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4-Chloro-3-nitro-N-2,4-dichlorobenzylbenzenesulfonamide
(8)

Beige solid (0.483 g, 61 %), mp = 135-136.5 °C;
MM = 395.65 g mol~!. '"H NMR (400 MHz, CDCl,) §
8.18 (d, J = 2.2 Hz, 1H), 7.86-7.83 (m, 1H), 7.62 (d,
J = 8.4 Hz, 1H), 7.28 (d, J = 2.0 Hz, 1H), 7.24 (s, 1H),
7.19 (dd, J = 8.2, 2.0 Hz, 1H), 5.21 (t, J = 6.2 Hz, 1H),
433 (d, J = 6.4 Hz, 2H). '*C NMR (101 MHz, CDCL) 3
140.65, 135.44, 134.33, 132.90, 131.75, 131.71, 131.61,
130.88, 129.70, 127.65, 124.45, 45.14. EI-MS m/z found:
395. ESI(—)-MS m/z found: 394.92664, m/z calculated for
[C;3HCI3N,0,S—H] : 392.92758.

4-[N-(3’-Aminopropyl)-2-pyrrolidone |-3-nitro-N-furfurylb
enzenesulfonamide (9)

Yellow solid (0.463 g, 54.8 %), mp = 115-117.8 °C;
MM = 422.45 g mol~'. 'H NMR (600 MHz, DMSO) §
8.64 (t, J = 6.0 Hz, 1H), 8.31 (d, J = 2.3 Hz, 1H), 8.19
(t, J = 6.4 Hz, 1H), 7.71 (dd, J = 9.2, 2.3 Hz, 1H), 7.29
(d, J = 8.5 Hz, 2H), 7.22 (d, J = 8.4 Hz, 2H), 7.17 (d,
J = 16.1 Hz, 1H), 4.01 (d, J = 6.3 Hz, 2H), 3.44-3.39
(m, 2H), 3.38-3.36 (m, 2H), 3.28 (t, J = 6.7 Hz, 2H),
2.24 (t, J = 8.1 Hz, 2H), 1.98-1.90 (m, 2H), 1.79 (qu,
J = 6.7 Hz, 2H). *C NMR (151 MHz, DMSO) § 174.71,
150.74, 147.04, 142.90, 133.65, 130.16, 126.51, 115.77,
110.72, 108.55, 46.83, 40.53, 39.77, 39.67, 30.88, 26.33,
18.00. EI-MS m/z found: 423. ESI(4)-MS m/z found:
23.13222, m/z calculated for [C,gH,,N,OxS+H]™:
423.13273.

4-[N-(3’-Aminopropyl)-2-azepanone J-3-nitro-N-furfurylbe
nzenesulfonamide (10)

Yellow solid (0.381 g, 42.3 %), mp = 145-148 °C;
MM = 450.50 g mol~'. '"H NMR (600 MHz, DMSO-d)
3 8.69 (t, J = 6.0 Hz, 1H), 8.35 (d, J = 2.3 Hz, 1H), 8.13
(t, J = 6.1 Hz, 1H), 7.73 (dd, J = 9.1, 2.3 Hz, 1H), 7.43
(dd, J = 1.8, 0.8 Hz, 1H), 7.17 (d, J = 9.3 Hz, 1H), 6.26
(dd, J = 3.2, 1.8 Hz, 1H), 6.16 (dd, J = 3.2, 0.7 Hz, 1H),
4.01 (d, J = 6.1 Hz, 2H), 3.40-3.35 (m, 6H), 2.46-2.41
(m, 2H), 1.74 (qu, J = 6.8 Hz, 2H), 1.66 (qu, J = 5.8 Hz,
2H), 1.55 (dq, J = 11.9, 7.0, 6.4 Hz, 4H). 3C NMR
(151 MHz, DMSO) § 174.96, 145.05, 135.13, 133.97,
131.58, 130.75, 129.29, 125.03, 123.13, 122.52, 114.03,
48.54, 44.75, 40.38, 39.86, 36.46, 29.22, 28.32, 26.84,
23.02. EI-MS m/z found: 451. ESI(+)-MS m/z found:
451.16137, m/z calculated for [C, HysN,OxS+H]":
451.16458.
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4-[N-(3"-Aminopropyl)-2-pyrrolidone ]-3-nitro-N-butylbenz
enesulfonamide (11)

Yellow solid (0.414 g, 52 %), mp = 111-113.7 °C;
MM = 39847 g mol~!. 'H NMR (600 MHz, DMSO)
8 8.63 (t, J = 5.9 Hz, 1H), 8.42 (d, J = 2.2 Hz, 1H),
7.78 (dd, J = 9.1, 1.9 Hz, 1H), 7.52 (t, J = 5.8 Hz, 1H),
7.24 (d, J = 9.2 Hz, 1H), 3.40 (q, J = 6.6 Hz, 2H), 3.35
(d, J = 6.9 Hz, 2H), 3.27 (t, J = 6.6 Hz, 2H), 2.71 (dd,
J =13.1, 6.8 Hz, 2H), 2.22 (t, J = 8.1 Hz, 2H), 1.95-1.89
(m, 2H), 1.79 (qu, J = 6.7 Hz, 2H), 1.37-1.32 (m, 2H),
1.26-1.20 (m, 2H), 0.79 (t, J = 7.3 Hz, 3H). *C NMR
(151 MHz, DMSO) § 174.22, 146.63, 133.21, 129.79,
126.01, 125.90, 115.54, 46.34, 42.14, 40.10, 39.30, 30.99,
30.40, 25.86, 19.22, 17.53, 13.43. ESI(+)-MS m/z found:
399.16556, mlz calculated for [C,;H,(N,OsS+H]™:
399.16967.

4-[N-(3’-Aminopropyl)-2-azepanone ]-3-nitro-N-butylbenze
nesulfonamide (12)

Yellow solid (0.272 g, 31.9 %), mp = 124.4-126 °C;
MM = 426.53 g mol~'. '"H NMR (400 MHz, DMSO) §
8.69 (t, J = 6.0 Hz, 1H), 8.42 (d, J = 2.2 Hz, 1H), 7.78
(dd, J = 9.1, 2.1 Hz, 1H), 7.51 (t, J = 5.8 Hz, 1H), 7.24
(d, J = 9.3 Hz, 1H), 3.38 (dt, J/ = 9.4, 6.4 Hz, 6H), 2.71
(dd, J = 13.0, 6.8 Hz, 2H), 2.45-2.40 (m, 2H), 1.75 (qu,
J = 6.6 Hz, 2H), 1.70-1.62 (m, 2H), 1.55 (d, J = 4.2 Hz,
4H), 1.39-1.31 (m, 2H), 1.23 (dd, J = 15.0, 7.2 Hz, 2H),
0.80 (t, J = 7.3 Hz, 3H). '*C NMR (101 MHz, DMSO) §
175.03, 146.63, 133.20, 129.79, 125.92, 115.50, 48.53,
44.67, 42.13, 36.48, 30.98, 29.26, 28.34, 26.74, 23.03,
19.26, 13.45. EI-MS m/z found: 427. ESI(+)-MS m/z
found: 427.19950, m/z calculated for [C;oH;,N,OsS+H]":
427.20097.

4-[N-(3’-Aminopropyl)-2-pyrrolidone ]-3-nitro-N-benzylbe
nzenesulfonamide (13)

Yellow solid (0.441 g, 51 %), mp = 151-153.9 °C;
MM = 432.49 g mol~!. 'H NMR (600 MHz, DMSO) 3
8.62 (t, J = 6.0 Hz, 1H), 8.32 (d, J = 2.4 Hz, 1H), 8.13
(t, J = 6.4 Hz, 1H), 7.73 (dd, J = 9.1, 2.2 Hz, 1H), 7.25-
7.15 (m, 6H), 3.99 (d, J = 6.5 Hz, 2H), 3.40-3.34 (m, 4H),
3.27 (dt, J = 6.7, 3.3 Hz, 2H), 2.23 (t, J = 8.0 Hz, 2H),
1.96-1.90 (m, 2H), 1.78 (qu, J = 6.8 Hz, 2H). '*C NMR
(151 MHz, DMSO) § 174.27, 146.57, 137.28, 133.15,
129.69, 128.11, 127.67, 126.96, 126.12, 115.37, 46.37,
40.05, 39.30, 30.42, 25.87, 17.55. EI-MS m/z found: 433.
ESI(+)-MS m/z found: 433.15016, m/z calculated for
[C,oH,,N,OsS+H]™: 433.15402.

4-[N-(3"-Aminopropyl)-2-azepanone J-3-nitro-N-benzylben
zenesulfonamide (14)

Yellow solid (0.389 g, 42.2 %), mp = 157.4-160 °C;
MM = 460.54 g mol~!. 'H NMR (400 MHz, DMSO) 3
8.68 (t, J = 6.0 Hz, 1H), 8.33 (d, J = 2.2 Hz, 1H), 8.12
(t, J = 6.4 Hz, 1H), 7.73 (dd, J = 9.2, 2.1 Hz, 1H), 7.25-
7.15 (m, 6H), 3.99 (d, J = 6.3 Hz, 2H), 3.38 (dd, J = 12.1,
6.3 Hz, 6H), 2.49-2.40 (m, 2H), 1.74 (qu, J = 6.6 Hz, 2H),
1.66 (d, J = 5.0 Hz, 2H), 1.62-1.49 (m, 4H). '3C NMR
(101 MHz, DMSO) § 175.07, 146.57, 137.29, 133.14,
129.68, 128.11, 127.67, 126.96, 126.14, 115.34, 48.55,
46.15, 44.65, 36.49, 29.27, 28.36, 26.75, 23.04. EI-MS m/z
found: 461. ESI(4)-MS m/z found: 461.18232, m/z calcu-
lated for [C,,H,gN,OsS-+H]": 461.18532).

4-[N-(3’-Aminopropyl)-2-pyrrolidone J-3-nitro-N-cyclohexy
lbenzenesulfonamide (15)

Yellow solid (0.356 g, 42 %), mp = 148-151.8 °C;
MM = 424.51 g mol~'. '"H NMR (600 MHz, DMSO) §
8.62 (t, J = 6.0 Hz, 1H), 8.45 (d, J = 2.3 Hz, 1H), 7.82
(dd, J = 9.2, 2.2 Hz, 1H), 7.62 (d, J = 7.2 Hz, 1H), 7.25
(d, J = 9.3 Hz, 1H), 3.41 (dd, J = 13.2, 6.6 Hz, 2H),
3.37-3.34 (m, 2H), 3.28 (t, J = 6.7 Hz, 2H), 2.92 (d,
J = 6.7 Hz, 1H), 2.22 (t, J = 8.1 Hz, 2H), 1.97-1.88 (m,
2H), 1.80 (qu, J = 6.8 Hz, 2H), 1.60 (dd, J = 10.2, 5.2 Hz,
4H), 1.14 (dd, J = 13.7, 8.9 Hz, 4H). '*C NMR (151 MHz,
DMSO) 8§ 174.26, 146.58, 136.38, 133.11, 131.67, 129.66,
129.52, 128.04, 126.16, 126.12, 11537, 46.37, 45.41,
40.05, 39.30, 30.42, 25.93, 17.54. EI-MS m/z found: 425.
ESI(4+)-MS m/z found: 425.18190, m/z calculated for
[C,oHN,OsS+H]': 425.18532.

4-[N-(3"-Aminopropyl)-2-azepanone J-3-nitro-N-cyclohexyl
benzenesulfonamide (16)

Yellow solid (0.430 g, 47.5 %), mp = 156.3-159.1 °C;
MM = 452.56 g mol~!. 'H NMR (600 MHz, DMSO) 3
8.62 (t, J = 6.0 Hz, 1H), 8.45 (dd, J = 5.6, 3.7 Hz, 1H),
7.85-7.77 (m, 1H), 7.62 (d, J = 7.2 Hz, 1H), 7.25 (d,
J = 9.3 Hz, 1H), 3.39 (d, J = 6.6 Hz, 5H), 3.36-3.33 (m,
1H), 3.27 (d, J = 6.7 Hz, 1H), 2.91 (s, 1H), 2.23 (s, 1H),
1.94 (s, 1H), 1.83-1.76 (m, 1H), 1.59 (dd, J = 10.1, 5.4 Hz,
1H), 1.13 (d, J = 10.9 Hz, 1H). '*C NMR (101 MHz,
DMSO) 8 175.06, 147.40, 142.67, 133.16, 131.12, 129.03,
123.73, 54.15, 52.35, 48.56, 45.39, 44.67, 36.49, 33.24,
29.26, 28.36, 26.73, 24.80, 24.31, 23.04. EI-MS m/z found:
453. ESI(4+)-MS m/z found: 453.21379, m/z calculated for
[C,,H3,N,OsS+H]': 453.21662.
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4-[N-(3’-Aminopropyl)-2-pyrrolidone ]-3-nitro-N-4-chlorob
enzylbenzenesulfonamide (17)

Yellow solid (0.361 g, 38.7 %), mp = 167.7-170.5 °C;
MM = 466.93. 'H NMR (600 MHz, DMSO) § 8.64
(t, J = 6.0 Hz, 1H), 8.31 (d, J = 2.3 Hz, 1H), 8.19 (t,
J = 6.4 Hz, 1H), 7.71 (dd, J = 9.2, 2.3 Hz, 1H), 7.29 (d,
J = 8.5 Hz, 2H), 7.22 (d, J = 8.4 Hz, 2H), 7.16 (s, 1H),
4.01 (d, J = 6.3 Hz, 2H), 3.43-3.39 (m, 2H), 3.38-3.36 (m,
2H), 3.28 (t, / = 6.7 Hz, 2H), 2.24 (t, J = 8.1 Hz, 2H),
1.99-1.90 (m, 2H), 1.79 (qu, J = 6.7 Hz, 2H). '*C NMR
(151 MHz, DMSO) § 174.26, 146.58, 136.38, 133.11,
131.67, 129.66, 129.52, 128.04, 126.16, 126.12, 115.37,
46.37, 45.41, 40.05, 39.30, 30.42, 25.93, 17.54. EI-MS m/z
found: 467. ESI(4)-MS m/z found: 467.11199, m/z calcu-
lated for [CyyH,3N,CIOsS+H]": 467.11504.

4-[N-(3’-aminopropyl)-2-azepanone |-3-nitro-N-4-chlorobe
nzylbenzenesulfonamide (18)

Yellow solid (0.368 g, 37.2 %), mp = 165.6-171.7 °C;
MM = 494.99 g mol~'. '"H NMR (400 MHz, DMSO) §
8.71 (t, J = 6.0 Hz, 1H), 8.33 (d, J = 2.2 Hz, 1H), 8.19
(t, J = 6.4 Hz, 1H), 7.72 (dd, J = 9.2, 2.2 Hz, 1H), 7.30
(d, J = 8.5 Hz, 2H), 7.24 (d, J = 8.4 Hz, 2H), 7.17 (d,
J = 9.3 Hz, 1H), 4.02 (d, J = 6.4 Hz, 2H), 3.40 (qua,
J = 6.1 Hz, 6H), 2.49-2.42 (m, 2H), 1.76 (qu, J = 6.6 Hz,
2H), 1.68 (d, J = 5.0 Hz, 2H), 1.58 (dd, J = 9.1, 4.4 Hz,
4H). BC NMR (101 MHz, DMSO) 8§ 175.04, 146.57,
136.39, 133.09, 131.64, 129.64, 129.60, 129.51, 128.14,
128.03, 126.13, 126.06, 115.33, 48.55, 45.38, 44.67,
36.48, 29.26, 28.35, 26.73, 23.03. EI-MS m/z found: 487.
ESI(+)-MS m/z found: 495.14268, m/z calculated for
[Cy,H,,CIN,OsS+H]": 495.14634.

4-[N-(3"-Aminopropyl)-2-pyrrolidone ]-3-nitro-N-2,4-dichl
orobenzylbenzenesulfonamide (19)

Yellow solid (0.270 g, 27 %); mp = 142.2-145 °C;
MM = 501.38 g mol~!. 'H NMR (400 MHz, CDCl;) §
8.55 (d, J = 2.2 Hz, 1H), 8.51 (t, J = 4.8 Hz, 1H), 7.68
(dd, J = 9.1, 2.2 Hz, 1H), 7.27 (s, 1H), 7.24 (s, 1H), 7.15
(dd, J = 8.2, 2.1 Hz, 1H), 6.81 (d, J = 9.1 Hz, 1H), 5.10
(t, J = 6.5 Hz, 1H), 4.25 (d, J = 6.4 Hz, 2H), 3.46-3.35
(m, 6H), 2.41 (t, J = 8.1 Hz, 2H), 2.05 (dd, J = 15.1,
7.6 Hz, 2H), 1.93 (dd, J = 13.3, 6.7 Hz, 2H). '3C NMR
(101 MHz, CDCl;) § 176.09, 147.08, 134.55, 134.20,
133.57, 132.65, 131.54, 130.78, 129.40, 127.55, 127.42,
126.43, 114.31, 47.63, 44.78, 40.88, 40.40, 30.97, 26.74,
18.10. EI-MS m/z found: 501. ESI(4+)-MS m/z found:
501.07316, m/z calculated for [CyyH,,Cl,N,OsS+H]*:
501.07607.

@ Springer

4-[N-(3"-Aminopropyl)-2-azepanone]-3-nitro-N-2,4-dichlo
robenzylbenzenesulfonamide (20)

Yellow solid (0.497 g, 469 %), mp = 154-160 °C;
MM = 529.44 g mol~'. "H NMR (400 MHz, CDCl,) §
8.64 (t, J = 5.2 Hz, 1H), 8.56 (d, J = 2.3 Hz, 1H), 7.69
(dd, J = 9.1, 2.3 Hz, 1H), 7.29 (d, J = 8.3 Hz, 1H), 7.16
(dd, J = 8.2, 2.1 Hz, 1H), 6.83 (d, J = 9.2 Hz, 1H), 5.27
(t, J = 6.5 Hz, 1H), 4.26 (d, J = 6.3 Hz, 2H), 3.53 (t,
J = 6.4 Hz, 2H), 3.41-3.36 (m, 4H), 2.58-2.53 (m, 2H),
1.90 (dd, J = 13.1, 6.6 Hz, 2H), 1.77-1.64 (m, 6H). '*C
NMR (101 MHz, CDCl,) § 177.00, 147.14, 133.50, 132.68,
131.63, 131.58, 130.95, 129.43, 127.58, 127.42, 126.17,
124.48, 114.27, 50.04, 45.84, 44.81, 40.64, 37.16, 30.05,
28.76, 27.44, 23.49. EI-MS m/z found: 529. ESI(4)-MS
m/z found: 529.10526, m/z calculated for [C,,H,cC1,N,O5
S-+H]*: 529.10737.
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