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Abstract

Angiogenesis inhibitors are a critical pharmacological tool for the treatment of solid tumors.
Suppressing vascular permeability leads to inhibition of tumor growth, invasion, and metastatic
potential by blocking the supply of oxygen and nutrients. Disruption of the vascular endothelial
growth factor (VEGF) signaling pathway is a validated target for the design of antiangiogenic
agents. Several VEGFR2 inhibitors have been clinically approved over the past years. Structural
analysis of these clinical VEGFR2 inhibitors highlighted key functional group overlap with

the benzothiadiazine core contained in a library of in-house compounds. Herein we ascribe
anti-angiogenic activity to a series of chlorinated benzothiadiazines. Selected compounds show
significant activity to completely ameliorate VEGF-induced endothelial cell proliferation by
suppression of VEGFR2 phosphorylation. The scaffold is devoid of activity to inhibit carbonic
anhydrases and generally lacks cytotoxicity across a range of cancer and non-malignant cell lines.
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Assay of activity at 468 kinases shows remarkable selectivity with only four kinases inhibited >
65% at 10 uM concentration, and with significant activity to inhibit TNK2/ACK1 and PKRD2 by
> 90%. All four identified kinase targets are known modulators of angiogenesis, thus highlighting
compound 17b as a novel angiogenesis inhibitor for further development.

Keywords
Angiogenesis; VEGFR2; Kinase inhibitor; Mechanism of action

1. Introduction

Angiogenesis is a physiological process which is tightly regulated by the balance between
angiogenic and antiangiogenic factors in normal tissues.! Vascular permeability factor
(VPF), also known as vascular endothelial growth factor (VEGF), is one of the most
characterized angiogenic factors. It plays a critical role in the vascular system in both
pathological angiogenesis, such as cancer which is a leading contributor to metastasis, and
normal physiological functions including bone formation, hematopoiesis, wound healing,
and development.24 The main function of VEGF is to modulate blood vessel permeability
and remodeling, endothelial cell survival, proliferation and migration, specifically in
endothelial cells.>8 In high energy consuming tumor cells, VEGF is highly overexpressed
which induces other proangiogenic factors and leads to the formation of new blood vessels.’
Vascular endothelial growth factor and its receptors, especially VEGF receptor 2 (VEGFR2),
are dysregulated by activation, overexpression, or mutation that leads to tumorigenesis

and metastasis by initiating downstream signaling transduction pathways resulting in
angiogenesis, vascular permeability enhancement and increased tumor proliferation.®
Clinical antiangiogenic drugs that inhibit the action of VEGF have been shown to normalize
tumor vasculature and, as a result, offer an improvement in chemotherapy.® Anti-VEGF
treatments are designed to target both the pro-angiogenic activity and the antiapoptotic
functions of VEGF.’

Numerous VEGF inhibitors are clinically approved for a range of cancers including renal
cell carcinoma, gastrointestinal stromal tumors, metastatic carcinoma of the rectum and
colon, non-small cell lung cancer, breast, thyroid and kidney cancer, and hepatocellular
carcinoma. However, these agents are limited by adverse effects, attributed in many cases

to kinase promiscuity, and resistance development. The search for new selective chemotypes
that function to suppress VEGFR2 phosphorylation without direct action on the receptor are
promising agents to counteract these limitations.

We have previously reported on the structure—activity relationship and antineoplastic
activity of a library of halogenated benzothiadiazines based on the structure of the clinical
vasodilator diazoxide (DZX).10 To aid further optimization of this scaffold for antineoplastic
activity we sought a plausible mechanism of action. It has previously been reported that
DZX inhibited VEGF-mediated angiogenesis in an in vivo Matrigel plug assay in mice.11
Structural similarity between diazoxide, its derivatives, and known VEGFR2 inhibitors,
such as pazopanib, was apparent (Figure 1). A guanidine-like template (teal in figure

Bioorg Med Chem. Author manuscript; available in PMC 2023 August 01.
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1) comprises the pharmacophore of many inhibitors due to the structural resemblance

to adenosine triphosphate.12 The clinically approved VEGFR? inhibitor drugs sorafenib,
regorafenib, lenvatinib, and others possess a urea moiety (green in Figure 1),13 a bioisostere
of the guanidine group, which contributes to the biological activity of these compounds.14
The sulfonylurea unit has been suggested as a suitable bioisotere for the urea, which

retains VEGFR?2 inhibition activity.13 Sulfonamide and cyclic sulfonamide derivatives

are known to have many biological activities, including antimicrobial,1® antiviral 18 anti-
inflammatory,17-18 and anticancer activity.1%20 Adding further structural similarity between
our benzothiadiazine scaffold and known VEGFR?2 inhibitors is the presence of terminal
electron-withdrawing groups which have been reported to be beneficial for stability and
activity.21

Thus, we theorized that novel antiangiogenic agents might be found among cyclic
sulfonamide derivatives of the benzothiadiazine class. We report herein the synthesis,
VEGF-induced growth inhibition, and kinase inhibition activity of a series of new
benzothiadiazine derivatives intended for oral administration. Compounds 6-10b, 16-17b,
21-23b, and 7-19e suppressed human umbilical vein endothelial cell (HUVEC) proliferation
by suppressing phosphorylation of VEGFR2 and inhibiting the angiogenesis-related kinases
TNK2 and PRKD?2.

2. Results and discussion

Chemistry:

A number of synthetic routes have been reported to prepare benzothiadiazine

derivatives as Karp channel activators and PI3K$ inhibitors.22-27 We sought to modify

the side chain to contain substituted amines, in so doing forming a guanidine

template which is important in many known VEGFR? inhibitors.28 The synthesis of
diazoxide derivatives was based on our previously reported route (Scheme 1).10:23

Briefly, the 6- and 7-halo-3-0x0-3,4-dihydro-2H-1,2,4-benzothiadiazinel,1dioxides (2a—
e) were obtained from appropriately substituted anilines (1a—e) upon exposure to
chlorosulfonyl isocyanate and anhydrous aluminum chloride in refluxing nitromethane,
which resulted in ring closure in moderate yield.22 Thiolation was achieved with
phosphorus pentasulfide in anhydrous pyridine,10-23, to afford (3a-€). The 3-thioxo-3,4-
dihydro-2H-1,2,4-benzothiadiazinel,1dioxides derivatives (3a-e) were reacted with methyl
iodide to yield the corresponding 3-methylsulfanyl-4H-1,2,4-benzothiadiazine 1,1-dioxides
(4a-e) in good yield.24 The respective 3-methylsulfanyl-substituted intermediate was
subsequently heated overnight at 140 °C in a sealed vessel with the appropriately substituted
primary amine to afford the desired guanidine-containing derivatives (Tables 2-4).

Angiogenesis Inhibition Assay:

Given the structural similarities with known VEGFR2 inhibitors alluded to above and

the reported VEGFR2 inhibitor activity of the parent DZX compound we evaluated the
antiangiogenic properties of a selection of our published DZX derivative library 19, and
newly synthesized compounds, to inhibit VEGF-induced proliferation of HUVECs using the
MTT assay.2? HUVECs have become the standard endothelial cell to model angiogenesis.

Bioorg Med Chem. Author manuscript; available in PMC 2023 August 01.
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A number of compounds at 20 UM concentration were found to inhibit VEGF-induced
HUVEC proliferation with high statistical significance compared to VEGF only-treated cells
and DMSO control, many leading to complete amelioration of VEGF-induced proliferation.
(Figure 2A). In total 18 DZX derivates more than completely suppressed VEGF-induced cell
proliferation; 6-10b, 16-17b, 21-23b, 8-10e, 12¢, 14-18e, 8-9c.

The 7-fluorobenzothiadiazine substituted derivatives 3a, 5-10a afforded no appreciable
inhibition of VEGF-induced proliferation (Figure 2A). Derivatives with a 7-
bromobenzothiadiazine ring (5-7c) were little better with only 7¢ providing appreciable
inhibition of 127% (when mean VEGF-induced proliferation is 268%) (Table 2).

Saturated benzothiadiazines 5-8d exhibited little activity to counter VEGF-induced
proliferation. Gratifyingly, 6-chlorobenzothiadiazine derivatives (2-5b and 7-23b) possessed
generally significant activity to inhibit VEGF-induced cell proliferation, implicating lower
electronegativity of the halogen substituent as a requirement, as seen in clinical agents
(Figure 1). The homologation series of unsubstituted benzylamine (8b) derivatives including
phenethyl (6b), and phenyl propyl (10b) were found to possess significant activity with
inhibition percentages compared to VEGF treatment alone of 200 + 12%, 197 + 16% and
175 + 8% respectively. This highlights an important role for the 6-chlorobenzothiadiazine
scaffold when compared to its 7-fluorobenzothiadiazine counterpart (6a, inactive) and 7-
bromobenzothiadiazine (6¢, 29 + 41% inhibition). We therefore chose to focus our efforts to
design further angiogenesis inhibitors on chlorine substituted derivatives.

A range of benzylamine side chains featuring various substituents on the phenyl ring were
synthesized. Functionalization with an electron-donating methoxy group at all positions
around the ring resulted in decreased inhibition of VEGF-induced proliferation compared to
unsubstituted 8b; 4-OMe (7b, 132 + 24%) = 3-OMe (15b, 129 + 26%) > 2-OMe (13b, 84 £
23%). Methyl substitution on the benzylamine ring also decreased activity with 4-Me (14b,
146 £ 18%) > 3-Me (21b, 125 + 10%) > 2-Me (22b, 112 + 9%). Substitution with electron-
withdrawing groups afforded derivatives with equipotent activity; 4-OCF3 (17b, 199 + 11%)
or reduced activity; 2-OCF3 (23b, 124 + 4%) but with increased lipophilicity. Interestingly
the cyclopentylamine-containing compound (9b, 174 + 10%) shows that aromaticity is not a
requirement for activity.

Most of the related 7-chlorobenzothiadiazine derivatives possessed generally lower activity
to inhibit VEGF-induced proliferation, highlighted by the benzyl amine derivative (8e, 122
+ 9% inhibition at 20 pM) and the homologation series of phenethylamine (6e, 82 + 10%),
phenylpropylamine (11e, 92 £+ 15%), and phenylbutylamine (16e, 116 + 17%) not reaching
the activity level of their 6-chlorobenzothiadiazine counterparts. Methyl substitution on the
benzylamine ring increases inhibitory activity as shown with 3-Me (9e, 145 + 6%) > 4-Me
(12e, 119 + 10%) = 2-Me (15e, 117 *+ 15%). Electron-withdrawing group substitution on the
benzylamine increased activity as seen with the 6-chloro derivatives but to a lower degree,
for example 2,4-difluorobenzylamine in the 7-chloro derivative 14e (133 £ 12%) compared
to the 6-chloro derivative 16b (172 + 12%).

Bioorg Med Chem. Author manuscript; available in PMC 2023 August 01.
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Suppression of VEGFR2 phosphorylation:

We selected a number of diverse derivatives with a range of VEGF-induced proliferation
amelioration activity and determined their ability to modulate phosphorylation of VEGFR2
in HUVECs by Western blot (Figure 3). As expected, phosphorylation of VEGFR2 was
highly upregulated in the presence of VEGF and attenuated when no VEGF was present.
Treatment with selected benzothiadiazine derivatives at 20 uM resulted in suppressed
phosphorylation of VEGFR2 which directly correlated with the magnitude of inhibition

of VEGF-induced HUVEC proliferation. Diazoxide itself showed activity to suppress
pVEGFR2 while five derivatives outperformed the parent compound, 8c, 9e, 10e, 13e

and 17b (Figure 3). The apparant activity of compound 8d in this experiment is notable.
However, the compound violates the observed SAR and lacks effect to ameliorate VEGF-
induced proliferation of HUVECs (Figure 2) therefore, this derivate was classified as at least
equipotent with DZX.

Carbonic Anhydrase Activity Assay:

Selected compounds were screened for their activity to inhibit human carbonic anhydrases
(CA) 1, 11, 1X and XI1, well known targets of sulphonamide-based compounds.29-30 The
benzothiadiazine ring proved to be inactive with K; values > 100 uM for compounds 5b, 7e,
9a and 8-9c (Table 1) compared with acetazolamide (AAZ) control. When compound 6b
was modified to contain a terminal sulphonamide (24b), nanomolar K; values were obtained
for CAI, 11, IX and XII.

Kinase activity assay:

Compound 17b, one of the most potent inhibitors of VEGF-induced HUVEC proliferation
and phosphorylated VEGFR2, was screened for activity against 468 kinases. Remarkably
only 4 kinases were inhibited above 65% at the relatively high concentration of 10 uM,
with a determined selectivity score (S35) = 0.007 (Figure 4). All four kinases inhibited
have known associations with angiogenesis modulation. Interestingly VEGFR?2 itself was
not significantly inhibited by 17b, despite the suppression of pVEFGR2 induced by the
compound. Our own assay of VEGFR?2 inhibition acted as a control and confirmed lack of
activity at this kinase, providing only 33% inhibition at 20 pM, no inhibition at 10 pM and
an 1Csp = 139.8 + 21 uM (Supplementary Figure S1).

The greatest inhibition (with just 0.1% of control activity remaining after 17b treatment
(Supplementary Figure S2)) was to TNK2 (also known as Activated CDC42 kinase 1
(ACK1)). TNK2/ACK1 is known to associate with endothelial growth factor receptor
(EGFR) in various cancer cells to enhance migration and invasion.31-32 Significant cross-talk
exists between EGFR-VEGF pathways in angiogenesis.33 The second most inhibited kinase
(8% of control activity remaining after 17b treatment) was Protein Kinase D2 (PRKD2).
This kinase is implicated in the signaling cascade induced by VEGF-A in endothelial

cells.34 VEGF-A rapidly induces the activation of PKRDs via a VEGFR2-mediated pathway.
PKRD?2 is a novel, essential mediator of tumor cell-endothelial cell communication and

a promising therapeutic target to inhibit angiogenesis in gastrointestinal cancers.32-36 The
myosin light chain kinase 4 (MYLK4) was inhibited to 33% of control by 17b and is

known to promote growth and metastasis in osteosarcoma by activating EGFR signaling.3”

Bioorg Med Chem. Author manuscript; available in PMC 2023 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Huwaimel et al.

Page 6

c-Kit (32% activity remaining after 17b treatment) is a proto-oncogene and angiogenic
tyrosine kinase receptor, highly expressed along with VEGFR2 in pediatric brain tumors.38
Many clinically approved VEGFR2 inhibitors also target c-Kit, including Sorafenib. Thus,
compound 17b exerts antiangiogenic activity by dual inhibition of TNK2/ACK1 and
PRKD2 with contributions from the inhibition of MYLK4 and c-Kit.

In silico modelling of compound 17b with TNK2/ACK1:

The potential of compound 17b to bind to TNK2/ACK1 was further determined by
molecular docking to understand amino acid residue-ligand interactions. The crystal
structure of TNK2/ACK1 in complex with debromohymenialdisine (PDB 1D: 1U4D) was
imported into SeeSAR 10.0 (BioSolvelT). The binding site was defined as 26 amino acid
residues immediately surrounding debromohymenialdisine and the ligand was removed.
Compound 17b (gold) was prepared and docked into the protein (Figure 5). Five strong
hydrogen bonds are predicted to form between the compound and the ATP binding pocket
of TNK2/ACK1. The two sulphonamide oxygen atoms are predicted to form hydrogen
bonds directly to LYS158 and GLU177, and through a water-mediated interaction with

the conserved salt bridge between LYS158 and GLU177 which forms part of the nucleotide-
binding loop. The amine of the sulphonamide is predicted to form a hydrogen bond to the
THR205 residue as is the side chain NH. Thus, the sulphonamide functional moiety appears
to be the central pharmacophore of 17b.

Cytotoxicity Assay:

Employing Atpenin A5 derivative 16¢ as a reference compound,? the clinical VEGFR2
inhibitor sorafenib as positive control, and DMSO as negative control, the most active
diazoxide derivatives were evaluated to determine their direct cytotoxicity to low
tumorigenic human embryonic kidney cells (HEK293) and triple negative breast cancer
MDA-MB-468 cells by MTS assay.*? Initially, cytotoxicity of the DZX derivatives

with significant activity to inhibit VEGF-induced proliferation of HUVECs, the 6-
chlorobenzothiadiazine (b) and 7-chlorobenzothiadiazine (e) series, were evaluated at

50 uM concentration to compare selectivity between the low tumorigenic HEK293

cells (Supplementary Figure S3A) and triple negative breast cancer MDA-MB-468 cells
(Supplementary Figure S3B). Compounds with > 50% cytotoxicity underwent ICsg
determination. The majority of compounds were unable to inhibit the proliferation of
HEK293 cells by>50% at 50 UM concentration. Three diazoxide derivatives inhibited
proliferation of HEK293 cells between 65 and 72% (Supplementary Figure S3A).
Compound 23b is the most toxic derivative of the 6-chloro substituted derivatives with an
ICsq of 30.48 uM. Of the diazoxide derivatives featuring 7-chloro substitution, 11e and 16e,
also exhibited toxicity with 1Cgg values of 30.85 pM and 23.41 uM, respectively (Table 5).
However, the inhibition of these three compounds is much lower than the clinical VEGFR2
inhibitor sorafenib, which inhibits proliferation of HEK293 cells by 99% at 50 pM, with an
IC50 = 2.95 uM.

The more active VEGF inhibitor compounds showed greater activity at 50 uM to inhibit
proliferation of aggressive triple negative breast cancer cells (MDA-MB-468). The ICg
value for the most potent compound 23b was 14.93 uM, although this activity may be

Bioorg Med Chem. Author manuscript; available in PMC 2023 August 01.
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general toxicity, given the cytotoxicity observed with this compound in HEK293 cells.
The 7-chlorobenzothiadiazine derivative 12e showed the second most potent activity to
reduce MDA-MB-468 cell viability (ICsg = 43.10 uM). The 7-chlorobenzothiadiazine
derivative 14e, afforded I1C5q = 45.49 pM which had lower ICgq value than its 6-
chlorobenzothiadiazine derivative counterpart, 16b (1Csq = 84.63 uM). The most potent
VEGFR2 phosphorylation suppressor and angiogenesis inhibitor 17b, possessed an 1Csg
value of 48.01 + 14.3 uM in MDA-MB-468 cells (Table 5). This data demonstrated that
the developed compounds suppress VEGF-induced proliferation of HUVEC cells without
inducing toxicity.

3. Conclusions

The development and use of novel antiangiogenic agents has become an integral

component of cancer chemotherapy. Herein we report chlorinated benzothiadiazine
derivatives exemplified by 17b that possess significant activity to ameliorate VEGF-induced
proliferation of HUVECs. This is combined with very low cytotoxicity to human embryonic
kidney cells (ICgg = 77.16 £ 5.2 uM), which is much lower than that observed for the
clinical VEGFR2 inhibitor sorafenib, and low direct cytotoxicity to triple negative breast
cancer cells (IC5p = 48.01 + 14.3 uM). The scaffold achieves this inhibition of VEGF-
stimulated endothelial cell proliferation by suppressing phosphorylation of VEGFR2 with
limited activity to directly inhibit the receptor (ICsg = 139.8 = 21 uUM).

The cyclic sulphonamide scaffold does not inhibit carbonic anhydrase I, 11, IX or XII,
common targets of compounds possessing this moiety. Compound 17b was identified to be a
highly selective kinase inhibitor with significant activity to inhibit TNK2/ACK1 and PKRD2
by > 90% out of 468 kinases screened. Both of these kinases are known to play critical roles
in regulating angiogenesis in both the EGFR and VEGFR2 signaling pathways. /n silico
docking analysis predicted strong hydrogen bond formation between the sulphonamide
moiety of 17b and several amino acid residues composing the ATP binding site of TNK2/
ACKZ1. Thus, these compounds represent useful hits for further development to identify
antiangiogenic agents and compound 17b specifically, as a chemical probe to further
understand the role of TNK2/ACK1 and PKRD2 in angiogenesis and phosphorylation of
VEGFR2.

4. Experimental section

4.1 Chemistry

General.—All reactions were carried out in oven- or flame-dried glassware under positive
nitrogen pressure, unless otherwise noted. Reaction progress was monitored by thin-layer
chromatography (TLC) carried out on silica gel plates (2.5 cm x 7.5 cm, 200 um

thick, 60 F254) and visualized by using UV (254 nm) or by potassium permanganate

or phosphomolybdic acid stain as indictor. Commercial grade solvents and reagents were
purchased from Fisher Scientific (Houston, TX) or Millipore-Sigma (Milwaukee, WI)

and were used without further purification except as indicated. Anhydrous solvents were
purchased from Across Organics and stored under an atmosphere of dry nitrogen over
molecular sieves. Known compounds were synthesized according to literature procedures

Bioorg Med Chem. Author manuscript; available in PMC 2023 August 01.
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and characterization data matched those as reported in the literature, see individual
compound data for reference.

1H and 13C NMR spectra were recorded in the indicated solvent on a Bruker 400 MHz
Advance |11 HD spectrometer at 400 and 100 MHz for 1H and 13C respectively with solvent
peak as an internal standard. Multiplicities are indicated by s (single), d (doublet), dd
(doublet of doublets), t (triplet), q (quartet), m (multiplet), and br (broad). Chemical shifts
(8) are reported in parts per million (ppm), and coupling constants (J), in Hertz. Limiting
solubility was encountered with some compounds. High-resolution mass spectroscopy
(HRMS) was performed on either a TripleTOF 5600 (SCIEX) or 6230 LC/TOF (Agilent)
using an ESI source measuring the 3°Cl isotope. The spectral data was extracted from total
ion chromatogram (T1C). High-performance liquid chromatography (HPLC) was performed
on an Agilent 1220, equipped with a 254 nm UV detector (VWD), employing a Phenomenex
C18, Polar-RP column (4 pm, 250 x 4.6 mm) or RP column (5 pm, 250 x 4.6 mm).
Purifications were performed using methanol: water (0.05 % TFA) as mobile phase. The
purity of all final compounds was determined as = 95%, unless otherwise specified.

7-Chloro-3-oxo-3,4-dihydro-2H-1,2,4-benzothiadiazinel,1-dioxide (2e): General
method for the synthesis of compounds 2a—2e: A solution of chlorosulfonyl
isocyanate (3.3 mL, 37.6 mmol) in nitromethane (50 mL) was mixed in a closed dried vessel
under nitrogen atmosphere and cooled to —10 °C (ice and salt bath). The 4-chloroaniline
(1e. 4 g, 31.4 mmol) was added dropwise. The contents were vigorously stirred for 15

mins followed by the addition of anhydrous aluminum chloride (5.44 g, 40.8 mmol) and

the mixture was refluxed for 1 h. The hot solution was poured onto ice (200 g) and stirred
for an additional 30 mins until all ice is melted and the resulting precipitate was collected
by filtration and washed with water. The crude solid was treated with an aqueous solution
of sodium bicarbonate (5 g/100 mL) followed by heating until the solid precipitate was
dissolved. The solution was treated with charcoal and was filtered, the filtrate solution was
adjusted to pH 1 using 12 N HCI. The resulting pure white precipitate was filtered, washed
with water, and air dried (5.8 g, 80% yield): IH NMR (400 MHz, DMSO-d;): §=7.29

(d, J=7.7 Hz, 1H), 7.70 (d, J= 7.7 Hz, 1H), 7.83 (s, 1H), 11.45 (s, 1H). 13C NMR (100
MHz, DMSO-¢g): §=119.6, 122.1, 127.6, 134.2, 134.5, 151.5. HRMS (ESI): m/z calcd for
C7H5CIN,03S [M + Na]*: 254.9607, found: 254.9648.

7-Chloro-3-thioxo-3,4-dihydro-2H-1,2,4-benzothiadiazine 1,1-dioxide (3e):
General method for the synthesis of compounds 3a—3e: A suspension of 7-
chloro-3-o0x0-3,4-dihydro-2H-1,2,4-benzothiadiazinel,1-dioxide (2e, 4.5 g, 19.34 mmol)
and phosphorus pentasulfide (8.4 g, 19.34 mmol) was dissolved in anhydrous pyridine (50
mL) and refluxed under nitrogen atmosphere overnight. The reaction was allowed to cool,
and the solvent removed /n vacuo, the crude product was dissolved in an aqueous solution of
sodium hydroxide (NaOH) (5 g/100 mL). This solution was treated with charcoal and was
filtered. The filtrate was acidified to pH 1 using 12 N HCI. The precipitated compound was
collected by filtration, washed with water, and was allowed to air dry. The dried compound
was suspended in an aqueous solution of sodium bicarbonate (NaHCO3) (10 g/200 mL) and
heated until the solid was dissolved. This solution was treated with charcoal and filtered.

Bioorg Med Chem. Author manuscript; available in PMC 2023 August 01.
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The filtrate was adjusted to pH 1 using 12 N HCI, and the white precipitate was collected
by filtration, washed with water, and air dried. (3.9 g, 81% yield): 1H NMR (400 MHz,
DMSO-gg): 6=7.25(d, J=7.5 Hz, 1H), 7.49 (dd, /= 7.5, 2.8 Hz, 1H), 7.55 (s, 1H), 11.35
(br-s, 1H). 13C NMR (100 MHz, DMSO-a): 6= 118.2, 120.6, 123.8, 126.1, 135.1, 136.8,
157.5. HRMS (ESI): m/z calcd for C7H5CIN,0,S, [M+ Na]*: 270.9379, found: 270.9346.

7-Chloro-3-methylsulfanyl-4H-1,2,4-benzothiadiazine 1,1-dioxide (4e): General
method for the synthesis of compounds 4a—le: 7-Chloro-3-
thioxo-3,4dihydro-2H-1,2,4-benzothiadiazine 1,1-dioxide (3¢, 4.0 g, 15.22 mmol) was
suspended in a 1:1 hydromethanolic solution of sodium bicarbonate (5 g/ 200 mL). Methyl
iodide (2 mL, 30.44 mmol) was added and the solution was stirred for 1 h. The resulting
suspension was adjusted to pH 5 using 6 N HCI. The suspension was concentrated under
reduced pressure, and the white precipitate was collected by filtration, washed with water,
and air dried (3.72 g, 93% yield): 1H NMR (400 MHz, DMSO-g): 6= 2.53 (s, 2H), 7.31
(dd, /=8.8,2.2 Hz, 1H), 7.72 (dd, J= 8.8, 2.3 Hz, 1H), 7.84 (d, J= 2.3 Hz, 1H), 12.66 (s,
1H). 13C NMR (100 MHz, DMSO-a): 6= 13.8, 119.7, 123.1, 123.2, 129.6, 133.8, 133.9,
161.7. HRMS (ESI): m/z calcd for CgH7CIN,O,S, [M + Na]*: 284.9535, found: 284.9511.

7-Chloro-3-((4-fluorobenzyl)amino)-4H-benzo[e] [1,2,4] thiadiazine 1,1-dioxide
(5e): General method for the synthesis of compounds 5a—5e: 7-Chloro-3-
methylsulfanyl-4H-1,2,4-benzothiadiazine 1,1-dioxide (4e 0.25 g, 1 mmol) and 4-
fluorobenzylamine (0.23 mL, 1.9 mmol) were dissolved in 1,4-dioxane (8 mL) in a sealed
vessel and heated for 24 h at 140 °C. The solvent and the excess amine were removed /7
vacuo, and the residue was dissolved in an aqueous 2% w / v solution of NaOH (6 mL). This
solution was treated with charcoal and was filtered. The filtrate was adjusted to pH 1 using
6 N HCI. The precipitated compound was collected by filtration, washed with water and air
dried. The dried compound was suspended in an aqueous solution of sodium bicarbonate
NaHCO3 (1 g/40 mL). The alkaline solution was treated with charcoal and filtered; the
filtrate was adjusted to pH 4-5 with 6 N HCI. The white precipitate was collected by
filtration, washed twice with water, and air dried (0.26 g, 79% yield): IH NMR (400 MHz,
DMSO-ag): 6=4.46 (s, 2H), 7.18 (t, /= 8.8 Hz, 2H), 7.26 (d, /= 8.8 Hz, 1H), 7.37-7.40
(9, /=14 Hz, 2H), 7.59 (dd, J= 8.8, 2.2 Hz, 1H), 7.67 (d, J= 2.2 Hz, 1H), 7.76 (br-s, 1H),
11.04 (br-s, 1H). 13C NMR (100 MHz, DMSO-a): 6= 43.6, 115.4, 115.7, 119.4, 122.6,
124.2,127.5,129.71, 129.79, 132.8, 135.1, 135.2, 135.3, 151.7, 160.5, 163.0. HRMS (ESI):
my/z caled for C14H11CIFN3O,S [M+ Na]*: 362.0142, found: 362.0160.

7-Chloro-3-(phenethylamino)-4H-benzo [e] [1,2,4] thiadiazine 1,1-dioxide

(6e): The white powder was obtained from (4e, 0.25 g, 1 mmol) by following the
experimental conditions described for 5e (0.25 g, 77% yield): 1H NMR (400 MHz, DMSO-
0g): 6=2.85 (t, J= 7.2 Hz, 2H), 3.48-3.49 (br-m, 2H), 7.20-7.33 (m, 8H), 7.56 (dt, /= 8.7,
2.2 Hz, 1H), 7.67 (s, 1H), 10.91 (br-s, 1H). 13C NMR (100 MHz, DMSO-¢): § = 35.1, 42.4,
119.3,122.6, 124.1, 125.8, 126.8, 127.5, 128.9, 129.2, 132.8, 135.1, 139.2, 151.5. HRMS
(ESI): m/zcaled for C15H14CIN3O5S [M + Na]*: 358.0392, found: 358.0379.
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7-Chloro-3-((4-methoxybenzyl)amino)-4H-benzo [e] [1,2,4] thiadiazine 1,1-
dioxide (7e): The white powder was obtained from (4e, 0.25 g, 1 mmol) by following

the experimental conditions described for 5e (0.24 g, 71% yield): 1H NMR (400 MHz,
DMSO-ag): 6=3.73 (s, 3H), 4.40 (d, /= 5.6 Hz, 2H), 6.92 (d, J= 8.6 Hz, 2H), 7.23-

7.28 (m, 3H), 7.62 (dd, /= 8.6, 2.4 Hz, 2H), 7.68 (d, J= 2.4 Hz, 1H), 10.77 (br-s, 1H).

13C NMR (100 MHz, DMSO-d): 6= 43.8, 55.5, 114.2, 119.4, 122.6,124.2, 127.5, 129.1,
130.7, 132.8, 135.1, 151.5, 159.0. HRMS (ESI): m/z calcd for C15H14CIN3O3S [M + Na]™:
374.03421, found: 374.034009.

3-(Benzylamino)-7-chloro-4H-benzo [e] [1,2,4] thiadiazine 1,1-dioxide (8e): The
white powder was obtained from (4e, 0.25 g, 1 mmol) by following the experimental
conditions described for 5e (0.24 g, 76% yield): 1H NMR (400 MHz, DMSO-a): 6= 4.48
(s, 2H), 7.23-7.28 (m, 2H), 7.32—7.34 (m, 4H), 7.61 (d, /= 8.7 Hz, 1H), 7.67 (s, 2H),

10.70 (br-s, 1H). 13C NMR (100 MHz, DMSO-d): 6 = 44.3, 119.5, 122.6, 124.2, 126.5,
127.51, 127.57, 127.6, 127.7, 128.8, 132.8, 135.4, 138.9, 151.7. HRMS (ESI): m/z calcd for
C14H12C|N3OZS [M+ Na]*: 344.0236, found: 344.0264.

7-Chloro-3-((3-methylbenzyl)amino)-4H-benzo [e] [1,2,4] thiadiazinel,1-dioxide
(9e): The white powder was obtained from (4e, 0.25 g, 1 mmol) by following the
experimental conditions described for 5e (0.21 g, 65% yield): 1H NMR (400 MHz, DMSO-
0g): 6=2.30 (s, 3H), 4.45 (d, J=5.6 Hz, 2H), 7.10 (t, /= 7.5 Hz, 1H), 7.15 (d, J= 7.4 Hz,
2H), 7.24 (t, J=7.8 Hz, 2H), 7.61 (dd, /= 8.7, 2.3 Hz, 1H), 7.68 (d, /= 2.4 Hz, 1H), 10.81
(br-s, 1H).13C NMR (100 MHz, DMSO-aj): § = 21.4, 44.3, 119.4, 122.6, 124.2, 124.7,
127.6, 128.23, 128.26, 128.8, 132.8, 135.1, 137.9, 138.6, 151.5. HRMS (ESI): m/z calcd for
C15H14CIN305S [M+ Na]™: 358.0392, found: 358.0387.

7-Chloro-3-(cyclopentylamino)-4H-benzo [e] [1,2,4] thiadiazine 1,1-dioxide
(10e): The white powder was obtained from (4e, 0.25 g, 1 mmol) by following the
experimental conditions described for 5e (0.15 g, 51% yield): 1H NMR (400 MHz, DMSO-
0): 6=1.44-1.66 (m, 6H), 1.87-1.93 (m, 2H), 4.01-4.10 (m,1H), 7.24 (d, J= 7.8 Hz, 2H),
7.58 (dd, J= 8.7, 2.3 Hz, 2H), 7.65 (d, J= 2.3 Hz, 2H), 10.39 (s, 1H). 13C NMR (100 MHz,
DMSO-ag): 6=23.6,32.7,52.9, 119.3, 122.5, 124.3, 127.5, 132.7, 135.0, 151.1. HRMS
(ESI): m/zcaled for C1oH14CIN3O5S [M + Na]*: 322.0392, found: 322.0351.

7-Chloro-3-((3-phenylpropyl)amino)-4H-benzo[e] [1,2,4] thiadiazine 1,1-dioxide
(11e): The white powder was obtained from (4e, 0.25 g, 1 mmol) by following the
experimental conditions described for 5e (0.18 g, 53% yield): 1H NMR (400 MHz, DMSO-
0p): 6=1.80-1.87 (m, 2H), 2.64 (t, J= 7.6 Hz, 2H), 3.25-3.26 (q, /= 6.9 Hz, 2H), 7.20 (t,
J=7.2Hz, 1H), 7.22 (d, /= 7.8 Hz, 2H), 7.25-7.31 (m, 4H), 7.59 (dd, /= 8.7, 2.4 Hz, 1H),
7.66 (d, J= 2.4 Hz, 1H), 10.71 (s, 1H). 13C NMR (100 MHz, DMSO-d): §=30.9, 32.7,
119.3,122.5,124.3, 126.2, 127.5, 128.9, 129.0, 132.8, 135.1, 141.8, 151.5. HRMS (ESI):
my/z caled for C1gH16CIN3O,S [M + Na]*: 372.0549, found: 372.0546.

7-Chloro-3-((4-methylbenzyl)amino)-4H-benzo [e] [1,2,4] thiadiazine 1,1-
dioxide (12€): The white powder was obtained from (4e, 0.25 g, 1 mmol) by following the
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experimental conditions described for 5e (0.26 g, 78% yield): H NMR (400 MHz, DMSO-
ag): 6=2.29 (s, 3H), 4.43 (d, J=5.7 Hz, 2H), 7.16 (d, /= 8.2 Hz, 2H), 7.22 (d, /= 8.2

Hz, 2H), 7.26 (s, 1H), 7.61 (dd, /= 8.7, 2.4 Hz, 1H), 7.67 (d, J= 2.4 Hz, 2H), 10.82 (br-s,
1H).13C NMR (100 MHz, DMSO-a): 6=21.1,44.1,119.3, 122.6, 124.2, 127.6, 127.7,
129.4,132.8, 135.1, 135.7, 136.7, 151.5. HRMS (ESI): m/z calcd for C15H14CIN30,S [M +
Na]*: 358.0392, found: 358.0389.

7-Chloro-3-((3-methoxybenzyl)amino)-4H-benzo [e] [1,2,4] thiadiazine 1,1-
dioxide (13e): The powder compound was obtained from (4e, 0.25 g, 1 mmol) by
following the experimental conditions described for 5e (0.24 g, 76% yield): 1H NMR

(400 MHz, DMSO-a): §=3.74 (s, 3H), 4.45 (d, J=5.7 Hz, 2H), 6.84-6.92 (m, 3H),
7.25-7.27 (m, 2H), 7.61 (d, J= 8.7 Hz, 1H), 7.67 (s, 2H), 10.84 (br-s, 1H). 13C NMR (100
MHz, DMSO-ag): 6=44.2,55.4,113.0, 113.3, 119.4, 119.8, 122.6, 124.2, 127.6, 130.0,
132.9, 135.1, 140.4, 151.5, 159.8. HRMS (ESI): m/z calcd for C15H14CIN3O3S [M + Na]™:
374.0342, found: 374.0338.

7-Chloro-3-((2,4-difluorobenzyl)amino)-4H-benzo [e] [1,2,4] thiadiazine 1,1-
dioxide (14e): The white powder was obtained from (4e, 0.25 g, 1 mmol) by following
the experimental conditions described for 5e (0.24 g, 69% yield): TH NMR (400 MHz,
DMSO-ag): 6=4.48 (d, J=5.7 Hz, 2H), 7.03-7.11 (m, 1H), 7.19-7.26 (m, 2H), 7.39-
7.45 (m, 1H), 7.56-7.68 (m, 3H), 10.84 (br-s, 1H). 13C NMR (100 MHz, DMSO-g): &
=38.1,103.9,104.2,104.5, 111.7, 111.9, 119.4, 122.0, 122.6, 124.1, 127.7, 131.1, 132.9,
135.0, 151.5. HRMS (ESI): m/z calcd for C14H1oCIFaN305S [M+ Na]*: 380.0048, found:
380.0041.

7-Chloro-3-((4-methylbenzyl)amino)-4H-benzo [e] [1,2,4] thiadiazinel,1-dioxide
(15e): The white powder was obtained from (4e, 0.25 g, 1 mmol) by following the
experimental conditions described for 5e (0.26 g, 78% yield): 1H NMR (400 MHz, DMSO-
0g): 6=2.32 (s, 3H), 4.45 (d, J= 4.8 Hz, 2H), 7.17-7.20 (m, 3H), 7.26 (dd, /= 8.6, 2.2

Hz, 2H), 7.40 (dd, /= 8.8, 2.4 Hz, 2H), 7.67 (s, 1H), 10.71 (br-s, 1H). 13C NMR (100 MHz,
DMSO-ag): §=19.1, 42.5,119.4, 122.6, 124.2, 126.3, 127.6, 127.7, 130.5, 132.8, 135.1,
136.0, 136.4, 151.6. HRMS (ESI): m/z calcd for C15H14CIN30,S [M + Na]*: 358.0392,
found: 358.0399.

7-Chloro-3-((4-phenylbutyl)amino)-4H-benzo[e] [1,2,4] thiadiazine 1,1-dioxide
(16€): The white powder was obtained from (4e, 0.25 g, 1 mmol) by following the
experimental conditions described for 5e (0.17 g, 49% yield): 1H NMR (400 MHz, DMSO-
ap): 6=1.50-1.65 (m, 4H), 2.61(t, J=7.7 Hz, 2H), 3.24-3.29 (q, J= 9 Hz, 2H), 7.17 (t,
J=7.2Hz, 1H), 7.22 (d, /= 8.2 Hz, 2H), 7.17 (t, J= 7.4 Hz, 3H), 7.61 (d, J= 8.8 Hz,

1H), 7.66 (s, 1H), 10.67 (br-s, 1H). HRMS (ESI): m/z calcd for C17H1gCIN3O5S [M + Na]™:
386.8486, found: 386.8473.

7-Chloro-3-((pyridin-4-ylmethyl)amino)-4H-benzo [e] [1,2,4] thiadiazine 1,1-

dioxide (17e): The white powder was obtained from (4e, 0.25 g, 1 mmol) by following
the experimental conditions described for 5e (0.18 g, 56% yield): 1H NMR (400 MHz,
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DMSO-ak): 6= 4.50 (d, J=5.7 Hz, 2H), 7.27 (d, J= 8.7 Hz, 1H), 7.32 (d, J= 4.8 Hz,
2H), 7.62 (dd, J= 8.7, 2.0 Hz, 1H), 7.68 (d, J= 2.0 Hz, 1H), 7.7 (br-s, 1H), 8.53 (d,

J= 4.6 Hz, 2H), 11.09 (br-s, 1H). 13C NMR (100 MHz, DMSO-ak): &= 43.4, 119.4,
122.4,122.6, 124.1, 127.7, 132.9, 135.1, 148.1, 150.0, 151.7. HRMS (ESI): m/z calcd for
C13H11CINGO,S [M+ Na]*: 345.7571, found: 345.7542.

7-Chloro-3-((4-(trifluoromethoxy)benzyl)amino)-4H-benzo[e] [1,2,4] thiadiazine
1,1-dioxide (18e).—The white powder was obtained from (4e, 0.25 g, 1 mmol) by
following the experimental conditions described for 5e (0.3 g, 78% yield): 1H NMR (400
MHz, DMSO-gg): 6= 4.50 (d, /= 5.8 Hz, 2H), 7.32 (d, /= 8.4 Hz, 2H), 7.36 (d, /=

8.2 Hz, 2H), 7.47 (d, J= 8.7 Hz, 2H), 7.70 (d, J= 8.7 Hz, 1H), 7.84 (br-s, 1H), 10.90 (s,
1H). 13C NMR (100 MHz, DMSO-g): 6= 16.5, 120.4, 126.1, 127.2, 128.9, 137.0, 137.8,
142.8, 147.2, 154.9, 165.4, 168.3. HRMS (ESI): m/z calcd for C15H11CIF3N303S [M +
Na]*: 428.0059, found: 428.0031.

7-Chloro-3-((1-phenylethyl)amino)-4H-benzo [e] [1,2,4] thiadiazine 1,1-dioxide
(19e).—The white powder was obtained from (4e, 0.25 g, 1 mmol) by following the
experimental conditions described for 5e (0.21 g, 62% yield): 1H NMR (400 MHz, DMSO-
0s): 6=1.49 (d, J= 6.9 Hz, 3H), 4.98-5.05 (m, 1H), 7.24 (d, J= 8.8, 1H), 7.28 (d, /= 8.6,
1H), 7.36 (d, /= 7.9, 2H), 7.38 (d, /= 8.6, 2H), 7.60 (dd, /= 8.7, 2.4 Hz, 1H), 7.66 (d, J=
2.4 Hz, 1H), 7.74 (br-s, 1H), 10.62 (s, 1H). 13C NMR (100 MHz, DMSO-g): & = 22.8, 50.4,
119.4,122.6, 124.1, 126.4, 127.5, 127.6, 128.9, 132.8, 134.9, 143.7, 150.8. HRMS (ESI):
my/z caled for C15H14CIN3O,S [M + Na]*: 358.0392, found: 358.0385.

7-Fluoro-3-((3-methylbutan-2-yl)amino)-4H-benzo [e] [1,2,4] thiadia-zine 1,1-
dioxide (5a): Synthesis and characterization data were consistent with those reported in
the literature.10

7-Fluoro-3-((3-phenylpropyl)amino)-4H-benzol[e] [1,2,4] thiadiazine 1,1-dioxide
(6a): Synthesis and characterization data were consistent with those reported in the
literature.10

7-Fluoro-3-((2-methoxybenzyl)amino)-4H-benzo [e] [1,2,4] thiadiazine 1,1-
dioxide (7a): Synthesis and characterization data were consistent with those reported in
the literature.10

3-((2-(1H-indol-3-yl)ethyl)amino)-7-fluoro-4H-benzo [e] [1,2,4] thiadiazine 1,1-
dioxide (8a): Synthesis and characterization data were consistent with those reported in
the literature.10

7-Fluoro-3-((4-methoxyphenethyl)amino)-4H-benzo [e] [1,2,4] thiadiazine 1,1-

dioxide (9a): Synthesis and characterization data were consistent with those reported in
the literature.10
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7-Fluoro-4-methyl-3-(methylthio)-4H-benzo[e] [1,2,4] thiadiazine 1,1-dioxide
(10a): Synthesis and characterization data were consistent with those reported in the
literature.10

6-Chloro-3-((4-fluorobenzyl)amino)-4H-benzo[e] [1,2,4] thiadiazine 1,1-dioxide
(5b): Synthesis and characterization data were consistent with those reported in the
literature.10

6-Chloro-3-(phenethylamino)-4H-benzo [e] [1,2,4] thiadiazine 1,1-dioxide
(6b): Synthesis and characterization data were consistent with those reported in the
literature.10

6-Chloro-3-((4-fluorobenzyl)amino)-4H-benzo [e] [1,2,4] thiadiazine 1,1-dioxide
(7b).—The white powder was obtained from (4b, 0.25 g, 1 mmol) by following the
experimental conditions described for 5e (0.27 g, 77% yield): 1H NMR (400 MHz, DMSO-
ap): 6=3.73 (s, 3H), 4.40 (s, 2H), 6.92 (d, J= 8.5 Hz, 2H), 7.28 (d, J= 7.8 Hz, 2H), 7.30 (d,
J=2Hz, 2H), 7.69 (d, J= 8.5 Hz, 1H), 7.74 (br-s, 1H). 13C NMR (100 MHz, DMSO-a):
6=43.9,55.7,114.3, 116.6, 121.9, 124.4, 125.4, 129.2, 130.7, 137.0, 137.6, 151.4, 158.9,
177.1. HRMS (ESI): m/z calcd for C15H14CIN303S [M + Na]*: 374.0342, found: 374.0332.

3-(Benzylamino)-6-chloro-4H-benzole] [1,2,4] thiadiazine 1,1-dioxide (8b).—The
white powder was obtained from (4b, 0.25 g, 1 mmol) by following the experimental
conditions described 5e (0.18 g, 56% yield): 1H NMR (400 MHz, DMSO-a): &= 4.48 (br,
2H), 7.26-7.38 (m, 7H), 7.69 (d, J= 8.8 Hz, 1H), 7.82 (br-s, 1H). 13C NMR (100 MHz,
DMSO-a;): 6§=44.3,116.6, 121.8, 124.2, 125.4, 127.6, 128.6, 129.1, 137.6, 138.8, 151.5.
HRMS (ESI): m/z calcd for C14H15CIN3O,S [M+ Na]*: 344.0236, found: 344.0235.

6-Chloro-3-(cyclopentylamino)-4H-benzo[e] [1,2,4] thiadiazine 1,1-dioxide
(22b): Synthesis and characterization data were consistent with those reported in the
literature.10

6-Chloro-3-((3-phenylpropyl)amino)-4H-benzo[e] [1,2,4] thiadiazine 1,1-dioxide
(10b).—The white powder was obtained from (4b, 0.25 g, 1 mmol) by following the
experimental conditions described for 5e (0.22 g, 65% yield): 1H NMR (400 MHz, DMSO-
0p): 6=1.80-1.87 (m, 2H), 2.64 (t, J= 7.8 Hz, 2H), 3.22-3.27 (q, J= 9.7 Hz, 2H),
7.19-7.31 (m, 7H), 7.37 (br-s, 1H), 7.68 (d, J= 8.5 Hz, 1H), 10.66 (br-s, 1H). 13C NMR
(100 MHz, DMSO-ag): 6=130.9, 31.1, 32.7, 116.5, 121.9, 124.1, 125.4, 126.2, 128.7,
128.8, 136.9, 137.6, 141.8, 151.4. HRMS (ESI): m/z calcd for C1gH16CIN3O,S [M + Na]*:
372.0549, found: 372.0544.

6-Chloro-3-((1-phenylethyl)amino)-4H-benzo [e] [1,2,4] thiadiazine 1,1-dioxide

(11b): Synthesis and characterization data were consistent with those reported in the
literature.10
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6-Chloro-3-((4-(trifluoromethyl)benzyl)amino)-4H-benzo [e] [1,2,4] thia-d iazine
1,1-dioxide (12b): Synthesis and characterization data were consistent with those reported
in the literature.10

6-Chloro-3-((2-methoxybenzyl)amino)-4H-benzo [e] [1,2,4] thiadiazine 1,1-
dioxide (13b): Synthesis and characterization data were consistent with those reported
in the literature.10

6-Chloro-3-((4-methylbenzyl)amino)-4H-benzo[e] [1,2,4] thiadiazine 1,1-dioxide
(14b).—The white powder was obtained from (4b, 0.25 g, 1 mmol) by following the
experimental conditions described for 5e (0.24 g, 74% yield): H NMR (400 MHz, DMSO-
0g): 6=2.28 (s, 3H), 4.41 (d, J=4.2 Hz, 2H), 7.17 (d, J=7.9 Hz, 2H), 7.22 (d, /= 7.9

Hz, 2H), 7.28 (s, 1H), 7.30 (s, 1H), 7.68 (d, J= 8.3 Hz, 1H), 7.76 (br-s, 1H), 10.64 (br-s,
1H).13C NMR (100 MHz, DMSO-dg): 6=21.1, 44.1, 116.6, 121.8, 124.2, 125.4, 127.7,
129.4,135.7, 136.7, 136.9, 137.6, 151.4. HRMS (ESI): m/z calcd for C15H14CIN30,S [M +
Na]*: 358.0392, found: 358.0388.

6-Chloro-3-((3-methoxybenzyl)amino)-4H-benzo [e] [1,2,4] thiadiazine 1,1-
dioxide (15b).—The white powder was obtained from (4b, 0.25 g, 1 mmol) by following
the experimental conditions described for 5e (0.28 g, 81% yield): 1H NMR (400 MHz,
DMSO-a;): 6§=3.74 (s, 3H), 4.46 (d, /= 5.3 Hz, 2H), 6.85 (dd, J= 8.0, 2.0 Hz, 1H), 6.94 (d,
J=7.8 Hz, 2H), 7.27 (d, J= 8.0 Hz, 1H), 7.29 (d, J= 8.1 Hz, 2H), 7.70 (d, J= 8.0 Hz, 1H),
7.79 (br-s, 1H), 10.79 (br-s, 1H). 13C NMR (100 MHz, DMSO-a): 6= 44.2, 55.4, 112.9,
113.3,116.6, 119.8, 121.7, 124.3, 125.4, 129.9, 137.0, 137.5, 140.4, 151.4, 159.8. HRMS
(ESI): m/zcaled for C15H14CIN3O3S [M+ Na]*: 374.0342, found: 374.0335.

6-Chloro-3-((2,4-difluorobenzyl)amino)-4H-benzo [e] [1,2,4] thiadiazine 1,1-
dioxide (16b).—The white powder was obtained from (4b, 0.25 g, 1 mmol) by following
the experimental conditions described for 5e (0.24 g, 69% yield): TH NMR (400 MHz,
DMSO-ag): 6=4.47 (d, J=5.6 Hz, 2H), 7.10 (t, /= 8.5, 1H), 7.24-7.32 (m, 3H), 7.42-7.48
(m, 1H), 7.69 (d, J= 8.5 Hz, 1H), 7.79 (br-s, 1H), 10.84 (br-s, 1H). 13C NMR (100 MHz,
DMSO-a;): 6=138.0,104.2, 111.7, 116.6, 121.7, 124.4, 125.4, 131.2, 137.0, 137.4, 151.3,
159.3, 160.7, 161.6, 163.3. HRMS (ES')Z mv/z caled for C14H10C|F2N3025 [M+ Na]*:
380.0048, found: 380.0051.

6-Chloro-3-((4-(trifluoromethoxy)benzyl)amino)-4H-benzo[e] [1,2,4] thiadiazine
1,1-dioxide (17b).—The white powder was obtained from (4b, 0.25 g, 1 mmol) by
following the experimental conditions described for 5e (0.25 g, 64% yield): 1H NMR (400
MHz, DMSO-ag): 6=4.51 (d, /J=5.7 Hz, 2H), 7.30 (d, /=7.8 Hz. 2H), 7.37 (d, /= 8.6

Hz, 2H), 7.45 (d, J= 8.6 Hz, 2H), 7.69 (d, J= 8.6 Hz, 1H), 7.85 (br-s, 1H), 10.90 (br-s, 1H).
13C NMR (100 MHz, DMSO-d): 6 = 43.6, 116.6, 119.2, 121.5, 121.8, 121.9, 124.3, 125.4,
129.5, 137.0, 137.5, 138.4, 147.8, 151.4. HRMS (ESI): m/z calcd for C15H11,CIF3N303S [M
+ Na]*: 428.0059, found: 428.0062.
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3-(Allylamino)-6-chloro-4H-benzole] [1,2,4] thiadiazine 1,1-dioxide
(18b): Synthesis and characterization data were consistent with those reported in the
literature.10

3-((2-(1H-indol-3-yl)ethyl)amino)-6-chloro-4H-benzo[e] [1,2,4] thiadia-zine 1,1-
dioxide (19b): Synthesis and characterization data were consistent with those reported
in the literature.10

6-Chloro-3-((3-methoxyphenethyl)amino)-4H-benzo [e] [1,2,4] thiadiazine 1,1-
dioxide (20b).—The white powder was obtained from (4b, 0.25 g, 1 mmol) by following
the experimental conditions described for 5e (0.28 g, 77% yield): 1H NMR (400 MHz,
DMSO-ag): 6=2.83 (t, J= 7.1 Hz, 2H), 3.46-3.51 (q, /= 6.9 Hz, 2H), 3.74 (s, 3H),
6.78-6.84 (m, 3H), 7.21-7.31 (m, 4H), 7.68 (d, J= 8.4 Hz, 1H), 10.67 (br-s, 1H). 13C NMR
(100 MHz, DMSO-dg): §=34.9,42.3,55.3, 112.2, 114.7, 116.5, 121.8, 124.2, 125.4, 129.9,
136.9, 137.5, 140.8, 151.4, 159.8. HRMS (ESI): m/z calcd for C1gH1gCIN3O3S [M+ Na]™:
388.0498, found: 388.0473.

6-Chloro-3-((3-methylbenzyl)amino)-4H-benzo [e] [1,2,4] thiadiazine 1,1-
dioxide (21b): The white powder was obtained from (4b, 0.25 g, 1 mmol) by following
the experimental conditions described for 5e (0.26 g, 78% yield): 1H NMR (400 MHz,
DMSO-ag): 6=2.29 (s, 3H), 4.44 (d, J=5.0 Hz, 2H), 7.08-7.15 (m, 3H), 7.24 (t, J=

7.5 Hz, 1H), 7.30 (d, /= 9.0 Hz, 2H), 7.69 (d, J= 8.2 Hz, 1H), 7.75 (br-s, 1H), 10.62
(br-s, 1H). 13C NMR (100 MHz, DMSO-a): 6= 21.4, 44.3,116.6, 121.9, 124.2, 124.7,
125.4,128.2,128.3, 128.8, 136.9, 137.6, 137.9, 138.7, 151.4. HRMS (ESI): m/z calcd for
C15H14CIN305S [M + Na]™: 358.0392, found: 358.0376.

6-Chloro-3-((2-methylbenzyl)amino)-4H-benzo [e] [1,2,4] thiadiazine 1,1-
dioxide (22b): The white powder was obtained from (4b, 0.25 g, 1 mmol) by following
the experimental conditions described for 5e (0.31 g, 93% yield): 1H NMR (400 MHz,
DMSO-ag): 6=2.32 (s, 3H), 4.44 (br, 2H), 7.19-7.30 (m, 6H), 7.64 (br-s, 1H), 7.67 (d, J
= 8.2 Hz, 1H), 10.35 (br-s, 1H). 13C NMR (100 MHz, DMSO-a): §=19.0, 42.5, 116.7,
121.9,124.2,125.4, 126.3, 127.6, 127.7, 130.5, 136.0, 136.4, 136.9, 151.5. HRMS (ESI):
my/z caled for C15H14CIN3O5S [M + Na]*: 358.0392, found: 358.0361.

6-Chloro-3-((2-(trifluoromethoxy)benzyl)amino)-4H-benzo[e] [1,2,4] thiadiazine
1,1-dioxide (23b): The white powder was obtained from (4b, 0.25 g, 1 mmol) by
following the experimental conditions described for 5e (0.26 g, 64% yield): 1H NMR (400
MHz, DMSO-gg): 6= 4.50 (d, J=5.8 Hz, 2H), 7.30-7.38 (m, 4H), 7.47 (d, J= 8.6 Hz, 2H),
7.70 (d, J= 8.4 Hz, 1H), 7.85 (br-s, 1H), 10.86 (br-s, 1H). 13C NMR (100 MHz, DMSO-g):
6=43.7,116.7,121.5, 121.9, 124.4, 125.5, 129.57, 129.62, 137.0, 137.6, 138.5, 151.5.
HRMS (ESI): m/zcaled for Cq5H711CIF3N303S [M+ Na]*: 428.0059, found: 428.0021.

4-(2-((6-Chloro-1,1-dioxido-4H-benzo [e] [1,2,4] thiadiazin-3-
yl)amino)ethyl)benzenesulfonamide (24b): The white powder was obtained from (4b,
0.25 g, 1 mmol) by following the experimental conditions described for 5e (0.31 g, 77%
yield): TH NMR (400 MHz, DMSO-g): 6= 2.95 (t, J= 7.0 Hz, 2H), 3.49-3.54 (q, /= 6.8,
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2H), 7.25-7.32 (m, 5H), 7.46 (d, J= 8.4 Hz, 2H), 7.70 (d, J= 8.4 Hz, 1H), 7.78 (d, /= 8.4
Hz, 2H), 10.69 (br-s, 1H). 13C NMR (100 MHz, DMSO-d): 6= 34.6, 42.0, 116.5, 121.8,
124.3, 125.4,126.2, 129.6, 136.9, 137.4, 142.7, 143.5, 151.3. HRMS (ESI): m/z calcd for
C15H15CIN4O4S, [M + Na]*: 437.0121, found: 437.0159.

7-Bromo-3-((4-fluorobenzyl)amino)-4H-benzol[e] [1,2,4] thiadiazine 1,1-dioxide
(5¢): Synthesis and characterization data were consistent with those reported in the
literature.10

7-Bromo-3-((3-phenylpropyl)amino)-4H-benzo[e] [1,2,4] thiadiazine 1,1-dioxide
(6¢): Synthesis and characterization data were consistent with those reported in the
literature.10

7-Bromo-3-((2,4-difluorobenzyl)amino)-4H-benzo [e] [1,2,4] thiadiazine 1,1-
dioxide (7c).—The white powder was obtained from (4c, 0.25 g, 1 mmol) by following
the experimental conditions described for 5e (0.24 g, 73% yield): 1H NMR (400 MHz,
DMSO-ag): 6=4.48 (d, J=5.5 Hz, 2H), 7.12-7.28 (m, 4H), 7.41-7.47 (q, /= 8.6 Hz,
1H), 7.70-7.78 (m, 3H), 10.91 (br-s, 1H). 13C NMR (100 MHz, DMSO-g): & = 38.0,
104.2,111.9, 115.2, 119.6, 122.0, 124.4, 125.4, 131.2, 135.3, 135.6, 151.4, 159.3, 160.8,
161.7, 163.3. HRMS (ESI): m/zcalcd for C14H19BrFoN30.S [M+ Na]*: 423.9542, found:
423.9546.

7-Bromo-3-((4-(trifluoromethoxy)benzyl)amino)-4H-benzo[e] [1,2,4] thiadiazine
1,1-dioxide (8c): Synthesis and characterization data were consistent with those reported
in the literature.10

7-Bromo-3-((1-phenylethyl)amino)-4H-benzo[e] [1,2,4] thiadiazine 1,1-dioxide
(9¢): Synthesis and characterization data were consistent with those reported in the
literature.10

3-(Ethylamino)-4H-benzo [e] [1,2,4] thiadiazine 1,1-dioxide (5d): Synthesis and
characterization data were consistent with those reported in the literature.10

3-((3-Phenylpropyl)amino)-4H-benzo [e] [1,2,4] thiadiazine 1,1-dioxide
(6d): Synthesis and characterization data were consistent with those reported in the
literature.10

3-((4-(Trifluoromethoxy)benzyl)amino)-4H-benzo [e] [1,2,4] thiadiazine 1,1-
dioxide (7d): Synthesis and characterization data were consistent with those reported in the
literature.10

3-((1-Phenylethyl)amino)-4H-benzo [e] [1,2,4] thiadiazine 1,1-dioxide

(8d): Synthesis and characterization data were consistent with those reported in the
literature.10
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4.2 Biology

Cell Culture and Reagents.—Cells were maintained at 37 °C with 5% CO» in a
humidified environment. Cell lines Primary Human Umbilical Vein Endothelial Cells
(HUVEC), human embryonic kidney cells (HEK293), and triple-negative breast cancer cells
(MDA-MB-468) were purchased from the American Type Culture Collection (ATCC). The
HUVEC cells were routinely cultured in M199 medium (Corning, Cat# MT10060CV),
supplemented with 15% Fetal Bovine Serum (FBS, GIBCO™, Cat# 10438026), 150
ug/mL Endothelial Cell Growth Supplement (ECGS), 5 U/mL heparin sodium and 1X
Antibiotic-Antimycotic solution (GIBCO™, Cat# 15240-062). MDA-MB-468 cells were
cultured in Dulbecco’s Modified Eagle Medium (DMEM, Fisher Scientific, Cat# 50—
188-267FP) and HEK293 cells in Eagle’s Minimum Essential Medium (ATCC®, Cat#
30-2003™), supplemented with FBS (ATCC®, Cat# 30-2020) to a final concentration of
10% and Penicillin-Streptomycin Solution (Corning™, Cat# MT30001Cl) according to

the supplier’s recommended protocol. Vascular endothelial growth factor (VEGF, Cat#
SRP3182) was purchased from Sigma. Diazoxide (Alfa Aesar™, Cat# AAJ66010ME)

and Sorafenib ™ (Tocris Bioscience ™, Cat# 68-141-0) were purchased from Fisher
Scientific. Stock solutions of all compounds were prepared in DMSO and were serially
diluted for cell culture treatment maintaining the final DMSO concentration at<1%. Cell
Titer 96 AQueous one solution cell proliferation assay (3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) (MTS) assay was purchased
from Promega (Cat# G3580).

HUVEC Proliferation Assay.—Cell proliferation of HUVECs was evaluated through the
MTT (3-[4, 5-dimethylthiazol-2-yl]-2, 5-dimethyltetrazolium bromide) colorimetric assay,
as previously described. 41 The HUVECs were seeded at a density of 10,000 cells/well in
24-well plates in serum-containing medium and cultured overnight. Cells were starved with
300 pL of assay media (0.1% BSA + 0.1% FBS in basal medium) for 24 h. Then, cells
were treated with 500 pL of assay medium (control group), VEGF (10 ng/mL, positive
control group) or VEGF along with compounds (20 uM). After 48 h of culture, 50 uL of
MTT stock (5 mg/mL in PBS) was added to each well and incubated for 2 h at 37 °C to
allow the formation of dark blue formazan crystals in the metabolically active cells. The
medium was removed, the cells were washed with PBS (pH 7.4), and 100 L of acidified
isopropanol (0.33 mL HCI in 100 mL isopropanol) was added to each well and incubated for
5 min with thorough agitation to solubilize the formazan crystals. An equal volume of the
solution was transferred to a 96-well plate and the absorbance was immediately measured
using a microplate reader at a wavelength of 570 nm. Results were confirmed by direct
measurement of the cells using a standard hemocytometer.

Western Blot Analysis.—Cells were treated with test compounds (20 pM) along with
VEGF (10 ng/mL) for 5 min. The DMSO was used as a negative control, whereas DMSO +
VEGF was used as a positive control. Cells were lysed using RIPA buffer (10 mmol/L Tris-
HCI, 1 mmol/L EDTA, 0.5 mmol/L EGTA, 1% Triton X-100, 0.1% sodium deoxycholate,
0.1% SDS and 140 mmol/L NaCl), supplemented with protease and phosphatase inhibitors
(Halt Protease and Phosphatase Inhibitor Cocktail). Cell lysates were centrifuged, and the
supernatants were mixed with appropriate amount of 5X SDS loading buffer. Proteins were
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resolved on polyacrylamide gel and transferred onto polyvinylidene difluoride (PVDF)
membrane, blocked for 1 h with 10% milk block prepared in 0.1% Tween 20 in 1X TBS
(TBS-T), and treated with pVEGFR2 primary antibody at 4 °C overnight. The membrane
was washed thrice with TBS-T, 5 min each, and treated with secondary antibody for 1 h. The
membrane was further washed three times, 5 min each, with TBS-T and developed using
chemiluminescence, and the bands were analyzed using densitometry.

Carbonic Anhydrase Inhibition Assays: Was conducted according to previously
published methods.3% An Applied Photophysics stopped-flow instrument has been used for
assaying the CA-catalyzed CO, hydration activity 42 Phenol red (at a concentration of 0.2
mM) has been used as an indicator, working at the absorbance maximum of 557 nm, with
20 mM Hepes (pH 7.5) as buffer, and 20 mM Na,SO4 (for maintaining a constant ionic
strength), following the initial rates of the CA-catalyzed CO, hydration reaction for a period
of 10-100 s. The CO, concentrations ranged from 1.7 to 17 mM for the determination

of the kinetic parameters and inhibition constants. For each inhibitor, at least six traces

of the initial 5-10% of the reaction have been used for determining the initial velocity.

The uncatalyzed rates were determined in the same manner and subtracted from the total
observed rates. Stock solutions of inhibitor (0.1 mM) were prepared in distilled — deionized
water and dilutions up to 0.01 nM were done thereafter with the assay buffer. Inhibitor and
enzyme solutions were preincubated together for 1 h at room temperature prior to assay

to allow for the formation of the E — I complex. The inhibition constants were obtained

by nonlinear least-squares methods using PRISM 3 and the Cheng — Prusoff equation, as
reported earlier 30, and represent the mean from at least three different determinations. All
CA isoforms were recombinant ones obtained in-house as reported earlier. 43

VEGFR2 Inhibition Assay.—Was carried out using BPS Bioscience VEGFR2 kinase
assay kit (Catalog # 40325) according to the manufacturer’s protocol. Briefly, test
compounds were dissolved in DMSO and further diluted to 10% in nuclease-free water,
and 5 pL of this solution was used in 50 UL reaction wherein final DMSO concentration is
1%. 25 pL of master mix [6 pL 5x kinase buffer, 1 uyL ATP (500 uM), 1 uL PTK substrate
Poly (Glu:Tyr 4:1, 10 mg/mL) and 17 pL nuclease free water] was added in the wells in

a white 96-well plate. 5 pL of test compound at 100, 50, 25, 10 and 5 uM concentrations
were added to the wells. For blank and DMSO, 5 pL of 10% DMSO was added. 20 uL of
VEGFR2 enzyme 20 ng/pL (diluted in 1x kinase buffer) was added to all wells, whereas

20 pL of 1x kinase buffer was added in blank wells, and the plate was incubated at 30

°C for 45 min. 50 pL Kinase-Glo Max reagent (Promega, Catalog #Vv6071) was added and
the plate was covered with aluminum foil and set aside at room temperature for 15 min.
Luminescence was recorded using microplate reader, and % Activity is calculated using the
formula % Activity = (Lus- Lu)/(Lu; - Lug) X100%, where Luy is luminescence intensity of
blank wells, Lug is luminescence intensity of DMSO wells, and Lu is luminescence intensity
of test compound. DMSO wells were considered to have 100% Activity. % Inhibition was
calculated using 100 — %Activity.

KinomeScan Assay.—KINOMEScan™ (Eurofins) was utilized to profile the effects of
compound 17b against 468 kinases. For most assays, kinase-tagged T7 phage strains were
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grown in parallel in 24-well blocks in an £. colihost derived from the BL21 strain. £. coli
were grown to log-phase and infected with T7 phage from a frozen stock (multiplicity of
infection = 0.4) and incubated with shaking at 32 °C until lysis (90-150 min). The lysates
were centrifuged (6,000 x g) and filtered (0.2 um) to remove cell debris. The remaining
kinases were produced in HEK-293 cells and subsequently tagged with DNA for gPCR
detection. Streptavidin-coated magnetic beads were treated with biotinylated small molecule
ligands for 30 min at room temperature to generate affinity resins for kinase assays. The
liganded beads were blocked with excess biotin and washed with blocking buffer (SeaBlock
(Pierce), 1 % BSA, 0.05 % Tween 20, 1 mM DTT) to remove unbound ligand and to

reduce non-specific phage binding. Binding reactions were assembled by combining kinases,
liganded affinity beads, and test compounds in 1x binding buffer (20% SeaBlock, 0.17x
PBS, 0.05% Tween 20, 6 mM DTT). Test compounds were prepared as 40x stocks in 100%
DMSO and directly diluted into the assay. All reactions were performed in polypropylene
384-well plates in a final volume of 0.02 mL. The assay plates were incubated at room
temperature with shaking for 1 h and the affinity beads were washed with wash buffer (1x
PBS, 0.05% Tween 20). The beads were then re-suspended in elution buffer (1x PBS, 0.05%
Tween 20, 0.5 uM non-biotinylated affinity ligand) and incubated at room temperature with
shaking for 30 min. The kinase concentration in the eluates was measured by qPCR. The
compound(s) were screened at the concentration(s) requested, and results for primary screen
binding interactions are reported as ‘% Ctrl’, where lower numbers indicate stronger hits.

Cytotoxicity Assays.—To determine the cell growth inhibition ability of the synthesized
compounds, MTS assay was used according to the manufacturer’s recommended protocol.
Stock solutions of the synthesized compounds were prepared in DMSO. Cells (HEK293 or
MDA-MB-468) were seeded at a density of 1 x 10° cells in 96-well plates. After 24 h, cells
were treated at the indicated concentrations of test compounds, limiting the final DMSO
concentration to<1%. After incubation at 37 °C in an environment of 5% CO, for 48-72 h,
10 L of MTS reagent (CellTiter 96® AQueous One Solution Reagent) was added to each
well and incubated at the above-mentioned conditions for 2—4 h. Absorbance was recorded
at 570 nm on a BioTek Synergy Mx multimode plate reader and the viability of cells were
plotted as percentage of controls.

Statistical Analysis.—Experiments were repeated at least thrice, and the statistical
significance was calculated using the unpaired t test between 2 groups and One-way
ANOVA for>2 groups. A p value of < 0.05 was considered statistically significant. ICsg
values were calculated by GraphPad prism software.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Structure similarity between diazoxide guanidine derivative 17b and FDA-approved VEGF

inhibitors.
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Western blots from HUVECS treated with VEGF (10 ng/mL) and selected DZX derivatives

(20 uM). Representative images from n = 2 blots.
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Kinome tree diagram of compound 17b inhibition of 468 kinases at 10 M concentration.

Only four kinases are inhibited to<35% of control.
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Figure 5.
Modelling of compound 17b in the ATP binding site of TNK2/ACKZ1. Critical amino

acid interactions between 17b (gold) and TNK2/ACK1 are represented by predicted strong
hydrogen bonds (green dash) and predicted weak hydron bonds (white dash).
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