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ABSTRACT: A series of novel 2,4-disubstituted-
7-methyl-1,1,3-trioxo-2H,4H-pyrazolo[4,5-¢]
[1,2,4]thiadiazines (PTDs) was prepared starting from
a ring of pyrazolo[4,5-€][1,2,4]thiadiazine nuclei with
two different alkyl halides obtained by a facile one-pot
reaction. The structures of all synthesized compounds
were confirmed by 'H- and “*C-NMR, infrared
spectra (IR), and mass spectra (MS) spectroscopic
analysis. Anti-HIV activity was evaluated and none of
the compounds were found to inhibit HIV replication
in human T-lymphocyte (MT-4) cell culture.
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1. Introduction

Fused heterocyclic thiadiazine derivatives such as
pyridothiadiazines, pyrazinothiadiazines, imidazothia-
diazines, triazolothiadiazines, and thienothiadiazines have
become of particular interest to chemists and biologists
because of their broad spectrum of biological activities and
potential pharmacological applications in the treatment of
cerebro/cardiovascular disease (1,2), cognitive disorders
(3), cancers, and viral and bacterial infection (4,5). Among
these derivatives, 2,4-disubstituted-1,1,3-trioxo-2H,4H-
thieno [3,4-e][1,2,4]thiadiazines (TTDs) have been
found to be potent non-nucleoside reverse transcriptase
inhibitors (NNRTIs) of human immunodeficiency virus
type 1 (HIV-1), which selectively block HIV-1 replication
at the reverse transcriptase step (6). The lead compound
QM96625 (Figure 1) displayed highly potent activity
and selectivity against HIV-1 replication in human
T-lymphocyte (MT-4) cells with an EC, value of 0.10
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uM, CCy, value > 119.0 uM, and SI > 1,190 (7,8).

In order to identify new HIV-1 NNRTIs, the
current authors recently undertook a study of a series
of 2,4-disubstituted-7-methyl-1,1,3-trioxo-2H,4H-
pyrazolo[4,5-e][1,2,4]thiadiazines (PTDs) because of
the known bioisosterism between TTDs and PTDs (9).
This previous work reported a regioselective method for
synthesis of N,- or N,-monosubstituted PTDs (10) that was
used to synthesize N,,N,-disubstituted PTDs via a one-pot
reaction (11). This work had also evaluated the anti-HI'V-1
activity of PTDs and identified some N,-monosubstituted
and N,,N,-disubstituted PTDs that exhibited moderate
anti-HIV-1 activity. As a continuation of this research on
new anti-HIV-1 agents from PTD analogues, a series of
novel 2,4-disubstituted-7-methyl-1,1,3-trioxo-2H,4H-
pyrazolo[4,5-e][1,2,4]thiadiazines were designed and
synthesized based on the one-pot reaction that was
previously established. The introduction of substituents
at N, and N, moieties of the PTD heterocycle resulted
in those substituents having the same anti-HIV activity
as a series of TTDs. The current research describes the
synthesis of novel disubstituted PTDs and screening of
their anti-HIV activity based on cell cultures.

2. Materials and Methods
2.1. General methods

All melting points were determined on a micromelting
point apparatus and are uncorrected. 'H-NMR and
BC-NMR spectra were obtained on a Bruker Avance-600
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Figure 1. Lead compound in the form of a 2,4-disubstituted
thieno[3,4-e][1,2,4]thiadiazine (TTD, QM96625) and
structures of 2,4-disubstituted-7-methylpyrazolo[4,5-
e][1,2,4]thiadiazines (PTDs).
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(600 MHz; Bruker BioSpin, Rheinstetten, Germany) in
the indicated solvent. Chemical shifts are expressed in 6
units with TMS as the internal reference. Infrared spectra
(IR) were recorded with a Nexus 470FT-IR spectrometer
(Thermo Nicolet, Madison, WI, USA). Mass spectra
(MS) were acquired with an LC autosampler device:
standard G1313A instrument (Agilent Technologies, Santa
Clara, CA, USA) and a AB Sciex API 4000 tandem mass
spectrometer (Applied Biosystems, USA) with ESI. All
compounds were routinely checked by TLC at 254 nm on
pre-coated silica gel G plates with fluorescent indicator,
which were prepared in the laboratory. Developed
plates were visualized with UV light. Flash column
chromatography was performed on a column packed
with silica gel 60 (230-400 mesh). Solvents were reagent
grade and, when necessary, were purified and dried using
standard methods. Concentration of the reaction solutions
involved the use of a rotary evaporator at reduced pressure.

2.2. General procedure for the preparation of N,,N,-
disubstituted-7-methyl-1,1,3-trioxo-2H,4H-pyrazolo[4,5-
e][1,2,4]thiadiazines (3a-3p)

Sodium hydride (60% dispersion in mineral oil, 2 equivalent)
was incrementally added to a solution of compound (1) (1
equivalent) (Scheme 1) in dry DMF in an inert atmosphere
(N,) and with the temperature below 10°C. After 30 min of
stirring, the first alkyl halide (R,X, 1 equivalent) was added
dropwise. The mixture was stirred at room temperature for
20 min and 30-50°C for 12-20 h (checked by TLC). After the
addition of the second alkyl halide (R,X, 1 equivalent), the
mixture continued to be stirred at 40-80°C for 12-20 h. After
the solvent was evaporated off under reduced pressure, the
crude product was purified by recrystallization from ethanol.
Specific information on compounds 3a-3p is indicated in the
Appendix.

2.3. In vitro anti-HIV assay

The methodology of the anti-HIV assay used here has
been previously described (12,13). Stock solutions (10x
final concentration) of test compounds were added in
25-uL volumes to two sets of triplicate wells so as to allow
simultaneous evaluation of their effects on mock- and HIV-
infected cells at the beginning of each experiment. Serial
five-fold dilutions of test compounds were made directly
in flat-bottomed 96-well microtiter trays using a Biomek
3000 robot (Beckman Instruments, Fullerton, CA, USA).
Untreated control HIV- and mock-infected cell samples
were included for each sample.

HIV-1 (IIB) (14) or HIV-2 (ROD) (15) stock (50 pL)
at 100-300 CCIDS0 (cell culture infectious dose) or culture
medium was added to either the infected or mock-infected
wells of the microtiter tray. Mock-infected cells were used
to evaluate the effect of the test compound on uninfected
cells in order to assess the cytotoxicity of the test
compound. Exponentially growing MT-4 cells (16) were

centrifuged for 5 min at 1,000 rpm and the supernatant
was discarded. The MT-4 cells were resuspended at 6
x 10’ cells/mL, and 50-uL volumes were transferred to
the microtiter tray wells. Five days after infection, the
viability of mock- and HIV-infected cells was examined
spectrophotometrically using the 3-(4,5-dimethylthiazol-2-
y1)-2,5-diphenyltetrazolium bromide (MTT) assay.

The MTT assay is based on the reduction of yellow
colored MTT (Acros Organics, Geel, Belgium) by
mitochondrial dehydrogenase of metabolically active
cells to a bluish-purple formazan that can be measured
spectrophotometrically. Absorbance was read in an eight-
channel computer-controlled photometer (Multiscan
Ascent Reader, Labsystems, Helsinki, Finland) at two
wavelengths (540 and 690 nm). All data were calculated
using the median optical density (OD) of three wells.
The 50% cytotoxic concentration (CCy,) was defined as
the concentration of the test compound that reduced the
absorbance (ODs,,) of the mock-infected control sample
by 50%. The 50% effective concentration (EC,)) was
defined as the compound concentration required to inhibit
virus-induced syncytium formation by 50%.

3. Results and Discussion
3.1. Chemistry

A ring of 7-methyl PTD nuclei (1) (Scheme 1) was
prepared according to a previously reported procedure
(10) and was purified by recrystallization from ethanol to
yield a white solid in good yield (84%). N,,N,-disubstituted
hetero[1,2,4]thiadiazines are usually prepared by stepwise
alkylation. The first step of alkylation at the N, position
usually produces a mixture of N,-, and O;-monosubstituted
products that must be separated by flash column
chromatography before the second step of alkylation at the
N, position. Use of one-pot regioselective alkylation avoids
this complicated process (17). In brief, the ring of 7-methyl
PTD nuclei (1) was dissolved in dry DMF (1 mmol/5 mL),
which was cooled to under 10°C. Two equimolar NaH
was added, followed by 1 equimolar R,CH,X, and then
1 equimolar R,CH,X was added when the intermediate
of the mono N,-substituted product (2) was obtained
(checked by TLC). The crude product (3) was purified
by recrystallization from ethanol to yield a white solid in
good yield (Scheme 1). A series of N,,N,-disubstituted
pyrazolo[4,5-e][1,2,4]thiadiazine derivatives (3a-3p) were
prepared by this method and is listed in Table 1.
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Scheme 1. Reagents: (i): NaH/R,CH,X (2:1), 30-80°C (ii):
R,CH,X, 40-80°C.
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Table 1. Structures and anti-HIV-1% and HIV-2° of newly synthesized 2,4-disubstituted-7-methyl-1,1,3-trioxo-4,7-

dihydropyrazolo [4,3-e][1,2,4]thiadiazines (PTDs 3) in vitro

C-Ta

4 .01\5,10

NSy o~

No .|_ 3Lq i
5 fivl
Cda - R,
ECy, (M)’ ) sI
Compound R,CH, R,CH, CCyy (M)
HIV-1IIB* HIV-2 ROD" HIV-11II; HIV-2 ROD

3a 2-Cl-benzyl 2-Cl-benzyl >277.2 >277.2 >277.2 x 1 x 1
3b 4-Cl-benzyl 2-Cl-benzyl >2772 >277.2 >277.2 x 1 x 1
3¢ 2,4-Cl,-benzyl 2-Cl-benzyl >2533 > 198.8 >2513 x 1 x 1
3d 2-CN-benzyl 2-Cl-benzyl >283.1 >283.1 >283.1 x 1 x 1
3e 3-CN-benzyl 2-Cl-benzyl >283.1 >283.1 >283.1 x 1 x 1
3f 4-CN-benzyl 2-Cl-benzyl >17.0 >5.1 73 <1 <1
3g 4-C,H;-benzyl 2-Cl-benzyl >281.2 >276.7 >276.7 x 1 x 1
3h 4-(t-Bu)-benzyl 2-Cl-benzyl >264.6 >264.6 >264.6 x 1 x 1
3i 4-NO,-benzyl 2-Cl-benzyl >151.7 >124.8 155.0 <1 <1
3j 4-Br-benzyl 2-Cl-benzyl >2523 >25273 >2523 x 1 x 1
3k 4-NO,-benzyl benzyl >252.9 >238.9 265.8 <1 <1
31 2-Br-benzyl benzyl >271.1 >271.1 >271.1 x 1 x 1
3m 4-Br-benzyl 2-Br-benzyl >231.5 >231.5 >231.5 x 1 x 1
3n 4-Cl-benzyl 2-Br-benzyl >2523 >25273 >2523 x 1 x 1
30 2-Br-benzyl 3-Cl-benzyl >2523 >025273 >2523 x 1 x 1
3p 4-Cl-benzyl 2,4-Cl,-benzyl >2575 >2163 >216.3 x 1 x 1
Zidovudine 0.0007 35.6
Nevirapine 0.03 683

* Anti-HIV-1 activity measured with strain IIIB.
® Anti-HIV-2 activity measured with strain ROD.

¢ Compound concentration required to achieve 50% protection of MT-4 cells from the HIV-1- and HIV-2-induced cytopathogenic effect.
¢ Compound concentration that reduces the viability of mock-infected MT-4 cells by 50%.

¢ SI: selectivity index (CCsy/ECs).

3.2. In vitro anti-HIV activity

Compounds 3a-3p were evaluated for their in vitro anti-
HIV-1 activity by using the IIIB strain of HIV-1 and the
ROD strain of HIV-2. Compounds were monitored for
their inhibition of the virus-induced cytopathic effect
in MT-4 cells. The results are summarized in Table 1,
where the data for zidovudine and nevirapine have been
included for comparison purposes. However, none of
compounds were found to inhibit HIV replication in
MT-4 cell culture. Results revealed that the five-member
ring moiety of the heterothiadiazines had a major role in
affecting anti-HIV activity. As a result, PTDs had much
lower activity than TTDs despite having very similar
structures. This might be due to the fact that the pyrazole
moiety of pyrazolothiadiazines is more hydrophobic
than the thiophene ring of thienothiadiazines, which is
ill-suited to the structural requirement for a hydrophobic
body as is assumed in the "butterfly" model (17).
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Appendix
Synthesis of compounds 3a-3p

2,4-Di(o-chlorobenzyl)-7-methyl-1,1,3-trioxo-2H,4H-
pyrazolo[4,5-e][1,2,4]thiadiazine (3a). Compound (1)
and 2-chlorobenzyl chloride were allowed to react at
40-50°C for 8 h. After the addition of 2-chlorobenzyl
chloride, the mixture was allowed to react at 50-60°C
for 20 h. Purification by recrystallization from ethanol
yielded compound 3a as a white solid (80%), mp:
116-118°C. IR (KBr, cm™): 1,699 (C=0), 1,331, 1,195
(SO,). 'H-NMR (DMSO-d,, 600 MHz) &: 7.80 (s, 1H,
PyH), 7.09 (dd, 1H, J = 7.58 Hz, J = 1.52 Hz, PhH),
7.26-7.51 (m, 7H, PhH), 5.17 (s, 2H, NCH,), 5.11 (s,
2H, NCH,), 4.08 (s, 3H, CH;). "C-NMR (DMSO-d,,
150 MHz) 6: 148.7 (C=0), 132.9, 133.2, 132.1, 131.6,
129.9, 129.5, 129.4, 129.3, 127.8, 127.7, 127.6, 127.5,
126.4 (C-5), 125.9 (C-4a), 122.2 (C-7a), 47.3 (N,-CH,),
41.7 (N,-CH,), 39.1 (CH;). MS (EI): m/z 451.4 [M + H]"
(caled for C,,H,(C1,N,O5S: 450.03).

2-(p-Chlorobenzyl)-4-(o-chlorobenzyl)-7-methyl-
1,1,3-trioxo-2H,4H-pyrazolo[4,5-e][1,2,4]thiadiazine
(3b). Compound (1) and 2-chlorobenzyl chloride
were allowed to react at 40-50°C for 8 h. After the
addition of 4-chlorobenzyl chloride, the mixture was
allowed to react at 50-60°C for 12 h. Purification by
recrystallization from ethanol yielded compound 3b as a
white solid (65%), mp: 128-130°C. IR (KBr, cm™): 1,693
(C=0), 1,331, 1,193 (SO,). 'H-NMR (DMSO-d,, 600
MHz) 6: 7.75 (s, 1H, PyH), 7.50 (dd, 1H, J=7.86 Hz, J
=1.23 Hz, PhH), 7.01 (dd, 1H, J=7.63 Hz, J=1.25 Hz,
PhH), 7.26-7.41 (m, 6H, PhH), 5.15 (s, 2H, NCH,), 5.02
(s, 2H, NCH,), 4.08 (s, 3H, CH,). "C-NMR (DMSO-d,,
150 MHz) 6: 148.8 (C=0), 133.0, 135.2, 132.1, 132.4,
129.9, 129.8, 129.5, 128.5, 127.7, 127.4, 126.3 (C-5),
125.8 (C-4a), 122.2 (C-7a), 47.2 (N,-CH,), 43.5 (N,-
CH,), 39.1 (CH;). MS (EI): m/z 451.4 [M + H]' (calcd
for C,,H,,C1,N,O,S: 450.03).

2-(2,4-Dichlorobenzyl)-4-(o-chlorobenzyl)-7-methyl-
1,1,3-trioxo-2H,4H-pyrazolo[4,5-e][1,2,4]thiadiaz
ine (3c). Compound (1) and 2-chlorobenzyl chloride
were allowed to react at 40-50°C for 8 h. After the
addition of 2,4-dichlorobenzyl chloride, the mixture
was allowed to react at 50-60°C for 20 h. Purification
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by recrystallization from ethanol yielded compound 3c
as a white solid (55%), mp: 138-140°C. IR (KBr, cm™):
1,698 (C=0), 1,330, 1,196 (SO,). '"H-NMR (CDCl,, 600
MHz) &: 7.25 (s, 1H, Pyr-H), 7.02 (d, 1H, J = 7.26 Hz,
PhH), 7.20-7.43 (m, 6H, PhH), 5.24 (s, 2H, NCH,), 5.22
(s, 2H, NCH,), 4.15 (s, 3H, CH;). "C-NMR (CDCl,,
150 MHz) é: 149.1 (C=0), 133.3, 133.7, 132.5, 131.7,
131.6, 129.7, 129.2, 129.1, 128.6, 128.5, 127.2, 126.0,
125.2, 125.1, 122.6 (C-7a), 46.7 (N,-CH,), 41.4 (N,-
CH,), 38.9 (CH,). MS (EI): m/z 487.3 [M + 3]" (calcd
for C,,H,sCI;N,0,S: 483.99).

2-(o-Cyanobenzyl)-4-(o-chlorobenzyl)-7-methyl-
1,1,3-trioxo-2H,4H-pyrazolo[4,5-e][1,2,4]thiadiazine
(3d). Compound (1) and 2-chlorobenzyl chloride
were allowed to react at 40-50°C for 8 h. After the
addition of 2-cyanobenzyl chloride, the mixture was
allowed to react at 70-80°C for 20 h. Purification by
recrystallization from ethanol yielded compound 3d as
a white solid (60%), mp: 130-132°C. IR (KBr, cm™):
2,226 (CN), 1,695 (C=0), 1,317, 1,192 (SO,). 'H-NMR
(DMSO-d,, 600 MHz) &: 7.77 (s, 1H, PyH), 7.84 (dd,
1H, J=7.73 Hz, J = 1.31 Hz, PhH), 7.04 (dd, 1H, J =
7.57 Hz, J = 1.27 Hz, PhH), 7.25-7.71 (m, 6H, PhH),
5.22 (s, 2H, NCH,), 5.15 (s, 2H, NCH,), 4.09 (s, 3H,
CH,). "C-NMR (DMSO-d,, 150 MHz) &: 48.8 (C=0),
133.7, 139.6, 133.1, 132.8, 132.0, 129.9, 129.5, 128.6,
127.8, 127.7, 127.5, 126.3 (C-5), 125.8 (C-4a), 122.1
(C-7a), 117.2, 110.9 (CN), 47.3 (N,-CH,), 42.4 (N4-
CH,), 39.1 (CH;). MS (EI): m/z 442.4 [M + H]" (calcd
for C,,H,,CIN;O,S: 441.07).

2-(m-Cyanobenzyl)-4-(o-chlorobenzyl)-7-methyl-
1,1,3-trioxo-2H,4H-pyrazolo[4,5-e][1,2,4]thiadiazine
(3e). Compound (1) and 2-chlorobenzyl chloride
were allowed to react at 40-50°C for 8 h. After the
addition of 3-cyanobenzyl chloride, the mixture was
allowed to react at 70-80°C for 20 h. Purification by
recrystallization from ethanol yielded compound 3e as
a white solid (61%), mp: 116-118°C. IR (KBr, cm™):
2,233 (CN), 1,693 (C=0), 1,329, 1,192 (SO,). 'H-NMR
(DMSO-d,, 600 MHz) &: 7.70 (s, 1H, PyH), 7.79 (s, 1H,
PhH), 7.50 (dd, 1H, J = 7.86 Hz, J = 1.23 Hz, PhH),
7.06 (dd, 1H, J=7.63 Hz, J = 1.28 Hz, PhH), 7.27-7.76
(m, 5H, PhH), 5.15 (s, 2H, NCH,), 5.10 (s, 2H, NCH,),
4.08 (s, 3H, CH,). "C-NMR (DMSO-d,, 150 MHz) &:
148.8 (C=0), 133.0, 138.0, 132.6, 132.1, 131.6, 131.2,
129.9, 129.8, 129.5, 127.6, 127.5, 126.3 (C-5), 125.9
(C-4a), 112.0 (C-7a), 118.8, 111.5 (CN), 47.3 (N,-CH,),
43.2 (N,-CH,), 39.1 (CH;). MS (EI): m/z 442.4 [M + H]"
(caled for C,oH,CINO;S: 441.07).

2-(p-Cyanobenzyl)-4-(o-chlorobenzyl)-7-methyl-
1,1,3-trioxo-2H,4H-pyrazolo[4,5-€][1,2,4]thiadiazine
(3f). Compound (1) and 2-chlorobenzyl chloride
were allowed to react at 40-50°C for 8 h. After the
addition of 4-cyanobenzyl chloride, the mixture was

allowed to react at 70-80°C for 20 h. Purification by
recrystallization from ethanol yielded compound 3f as
a white solid (63%), mp: 164-166°C. IR (KBr, cm™):
2,227 (CN); 1,690 (C=0); 1,334, 1,193 (SO,). 'H-NMR
(DMSO-ds, 600 MHz) 6: 7.78 (s, 1H, PyH), 7.79 (s,
1H, PhH), 7.04 (d, 1H, J = 7.61 Hz, PhH), 7.27-7.85
(m, 7H, PhH), 5.15 (s, 2H, NCH,), 5.12 (s, 2H, NCH,),
4.08 (s, 3H, CH,). "C-NMR (DMSO-d,, 150 MHz) &:
148.9 (C=0), 132.9, 141.9, 132.8, 132.1, 129.9, 129.5,
128.4, 127.9, 127.7, 127.5, 126.3, 126.2 (C-5), 125.9
(C-4a), 122.0 (C-7a), 118.8, 110.5 (CN), 47.3 (N,-CH,),
43.7 (N,-CH,), 39.1 (CH;). MS (EI): m/z 442.5 [M + H]"
(caled for C,0H,CIN;O,S: 441.07).

2-(p-Ethylbenzyl)-4-(o-chlorobenzyl)-7-methyl-1,1,3-
trioxo-2H,4H-pyrazolo[4,5-e][1,2,4]thiadiazine
(3g). Compound (1) and 2-chlorobenzyl chloride
were allowed to react at 40-50°C for 8 h. After the
addition of 4-ethylbenzyl chloride, the mixture was
allowed to react at 70-80°C for 20 h. Purification by
recrystallization from ethanol yielded compound 3g as
a white solid (59%), mp: 112-114°C. IR (KBr, cm™'):
1,699 (C=0), 1,338, 1,192 (SO,). 'H-NMR (DMSO-dj,
600 MHz) &: 7.74 (s, 1H, PyH), 7.50 (dd, 1H, J =
7.75 Hz, J = 0.75 Hz, PhH), 6.99 (d, 1H, J = 7.25 Hz,
PhH), 6.16-7.32 (m, 6H, PhH), 5.16 (s, 2H, NCH,),
4.99 (s, 2H, NCH,), 4.08 (s, 3H, CH,), 2.54-2.58 (q,
2H, J = 7.59 Hz, CH,), 1.13-1.16 (t, 3H, J = 7.59 Hz,
CH,). "C-NMR (DMSO-d;, 150 MHz) 5: 148.9 (C=0),
133.0, 133.4, 143.4, 132.1, 129.9, 129.5, 128.0, 127.9,
127.7, 127.4, 126.2 (C-5), 125.8 (C-4a), 122.4 (C-7a),
47.1 (N,-CH,), 44.0 (N,-CH,), 39.1 (Py-CH,), 28.0 (1C,
CH,), 15.8 (1C, CH,). MS (EI): m/z 445.5 [M + H]"
(caled for C,,H,,CIN,O;S: 444.1).

2-(p-(t-Bu)benzyl)-4-(o-chlorobenzyl)-7-methyl-1,1,3-
trioxo-2H,4H-pyrazolo[4,5-e][1,2,4]thiadiazine
(3h). Compound (1) and 2-chlorobenzyl chloride
were allowed to react at 40-50°C for 8 h. After the
addition of 4-(t-Bu)benzyl chloride, the mixture was
allowed to react at 70-80°C for 20 h. Purification by
recrystallization from ethanol yielded compound 3h as
a white solid (55%), mp: 140-142°C. IR (KBr, cm™):
1,700 (C=0), 1,344, 1,189 (SO,). 'H-NMR (DMSO-dj,
600 MHz) &: 7.75 (s, 1H, PyH), 7.50 (dd, 1H, J = 7.90
Hz, J = 1.08 Hz, PhH), 7.00 (dd, 1H, J=7.52 Hz, J =
1.02 Hz, PhH), 7.26-7.35 (m, 6H, PhH), 5.16 (s, 2H,
NCH,), 4.99 (s, 2H, NCH,), 4.08 (s, 3H, CHj,), 1.25 (s,
9H, CH,). "C-NMR (DMSO-d,, 150 MHz) &: 150.2
(C=0), 133.0, 133.1, 148.9, 132.1, 129.9, 129.5, 127.7,
127.6, 127.4, 126.3, 125.8 (C-5), 125.3 (C-4a), 122.4
(C-7a), 47.1 (N,-CH,), 43.9 (N,-CH,), 39.1 (CH,), 34.4
(C), 31.2 (3C, CH;). MS (EI): m/z 473.3 [M + H]" (calcd
for C,;H,;CIN,O,S: 472.13).

2-(p-Nitrobenzyl)-4-(o-chlorobenzyl)-7-methyl-1,1,3-
trioxo-2H,4H-pyrazolo[4,5-e][1,2,4]thiadiazine
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(3i). Compound (1) and 2-chlorobenzyl chloride
were allowed to react at 40-50°C for 8 h. After the
addition of 4-nitrobenzyl bromide, the mixture was
allowed to react at 50-55°C for 12 h. Purification by
recrystallization from ethanol yielded compound 3i as
a white solid (70%), mp: 210-212°C. IR (KBr, cm™):
1,689 (C=0), 1,331, 1,193 (S0,), 1,520, 1,278 (NO,).
'H-NMR (DMSO-d,, 600 MHz) &: 7.78 (s, 1H, PyH),
7.49 (dd, 1H, J =7.34 Hz, J = 1.28 Hz, PhH), 7.05 (dd,
1H, J=7.68 Hz, J = 2.10 Hz, PhH), 7.29-8.21 (m, 6H,
PhH), 5.18 (s, 2H, NCH,), 5.15 (s, 2H, NCH,), 4.09
(s, 3H, CH;). MS (EI): m/z 462.4 [M + H] (caled for
C,,H,,CIN;O,S: 461.006).

2-(p-Bromobenzyl)-4-(o-chlorobenzyl)-7-methyl-
1,1,3-trioxo-2H,4H-pyrazolo[4,5-e][1,2,4]thiadiazine
(3j). Compound (1) and 2-chlorobenzyl chloride
were allowed to react at 40-50°C for 8 h. After the
addition of 4-bromobenzyl bromide, the mixture was
allowed to react at 50-55°C for 12 h. Purification by
recrystallization from ethanol gave compound 3j as
a white solid (68%), mp: 148-150°C. IR (KBr, cm™'):
1,696 (C=0), 1,330, 1,192 (SO,). 'H-NMR (DMSO-d,
600 MHz) &: 7.75 (s, 1H, PyH), 7.53 (d, 2H, J = 8.39
Hz, PhH), 7.50 (d, 1H, J = 7.76Hz, PhH), 7.00 (d, 1H,
J = 7.34 Hz, PhH), 7.28-7.32 (m, 4H, PhH), 5.15 (s,
2H, NCH,), 5.00 (s, 2H, NCH,), 4.08 (s, 3H, CH;). MS
(ED): m/z 495.2 [M + H]', 497.2 [M + 3]  (caled for
C,,H,BrCIN,O;S: 493.98).

2-(p-Nitrobenzyl)-4-benzyl-7-methyl-1,1,3-trioxo-
2H,4H-pyrazolo[4,5-e][1,2,4]thiadiazine (3k).
Compound (1) and bromobenzyl bromide were allowed
to react at 30-40°C for 12 h. After the addition of
4-nitrobenzyl bromide, the mixture was allowed to react
at 40-50°C for 12 h. Purification by recrystallization
from ethanol yielded compound 3k as a white solid
(75%), mp: 202-204°C. IR (KBr, cm™): 1,692 (C=0),
1,327, 1,190 (SO,), 1,514, 1,214 (NO,). '"H-NMR
(DMSO-d,, 600 MHz) &: 7.84 (s, 1H, PyH), 8.21 (d,
2H, J = 8.72 Hz, PhH), 7.63 (d, 2H, J = 8.70 Hz, PhH),
7.26-7.34 (m, SH, PhH), 5.19 (s, 2H, NCH,), 5.10 (s,
2H, NCH,), 4.06 (s, 3H, CH,). "C-NMR (CDCl,, 150
MHz) §: 149.0 (C=0), 135.8, 144.0, 128.8, 128.7,
127.1, 123.7, 147.1, 127.8, 126.3 (C-5), 125.6 (C-4a),
122.0 (C-7a), 48.8 (N,-CH,), 43.4 (N,-CH,), 39.0 (CH,).
MS (EI): m/z 428.4 [M + H]" (calcd for C,yH,;;N;O;S:
427.1).

2-(o-Bromobenzyl)-4-benzyl-7-methyl-1,1,3-trioxo-
2H,4H-pyrazolo[4,5-e][1,2,4]thiadiazine (3I).
Compound (1) and bromobenzyl bromide were
allowed to react at 30-40°C for 12 h. After the
addition of 2-bromobenzyl bromide, the mixture was
allowed to react at 40-50°C for 12 h. Purification by
recrystallization from ethanol yielded compound 3l
as a white solid (74%), mp: 182-184°C. IR (KBr,

cm™): 1,701 (C=0), 1,337, 1,192 (SO,). 'H-NMR
(DMSO-d,, 600 MHz) 5: 7.88 (s, 1H, PyH), 7.66 (dd,
1H, J=7.93 Hz, J = 1.08 Hz, PhH), 7.19 (dd, 1H, J =
7.72 Hz, J = 1.10Hz, PhH), 7.25-7.37 (m, 7H, PhH),
5.12 (s, 2H, NCH,), 5.08 (s, 2H, NCH,), 4.06 (s,
3H, CH,). "C-NMR (DMSO-d,, 150 MHz) 5: 148.9
(C=0), 134.7, 135.9, 132.7, 129.6, 128.9, 128.2, 127.9,
127.6, 127.2, 126.4, 125.7 (C-5), 122.0 (C-4a), 121.7
(C-7a), 48.5 (N,-CH,), 44.4 (N,-CH,), 38.9 (CH,). MS
(ED): m/z 461.4 [M + H]', 463.3 [M + 3]  (calcd for
C,;H, BrN,O,S: 460.02).

2-(p-Bromobenzyl)-4-(o-bromobenzyl)-7-methyl-
1,1,3-trioxo-2H,4H-pyrazolo[4,5-e][1,2,4]thiadiazine
(3m). Compound (1) and 2-bromobenzyl bromide
were allowed to react at 30-40°C for 12 h. After the
addition of 4-bromobenzyl bromide, the mixture was
allowed to react at 40-50°C for 12 h. Purification by
recrystallization from ethanol yielded compound 3m as
a white solid (76%), mp: 146-148°C. IR (KBr, cm™):
1,696 (C=0), 1,330, 1,192 (SO,). 'H-NMR (DMSO-dj,
600 MHz) &: 7.74 (s, 1H, PyH), 7.67 (d, 1H, J = 7.81
Hz, PhH), 7.53 (d, 2H, J = 8.42 Hz, PhH), 6.93 (d, 1H,
J =7.58 Hz, PhH), 7.24-7.32 (m, 4H, PhH), 5.10 (s,
2H, NCH,), 5.01 (s, 2H, NCH,), 4.08 (s, 3H, CH;). MS
(EI): m/z 541.2 [M + H]" (caled for C,,H,,Br,N,O,S:
537.93).

2-(p-Chlorobenzyl)-4-(o-bromobenzyl)-7-methyl-
1,1,3-trioxo-2H,4H-pyrazolo[4,5-€][1,2,4]thiadiazine
(3n). Compound (1) and 2-bromobenzyl bromide
were allowed to react at 30-40°C for 12 h. After the
addition of 4-chlorobenzyl chloride, the mixture was
allowed to react at 50-60°C for 20 h. Purification by
recrystallization from ethanol yielded compound 3n as
a white solid (70%), mp: 128-130°C. IR (KBr, cm™):
1,695 (C=0), 1,331, 1,192 (SO,). '"H-NMR (CDCl,,
600 MHz) &: 7.12 (s, 1H, PyH), 7.60 (dd, 1H, J = 7.83
Hz, J = 1.15 Hz, PhH), 6.88-7.47 (m, 7H, PhH), 5.15
(s, 2H, NCH,), 5.08 (s, 2H, NCH,), 4.14 (s, 3H, CH,).
“C-NMR (CDCl,, 150 MHz,) 5: 149.2 (C=0), 134.1
(C-1%, 137.3 (C-1"), 132.5, 131.6, 129.6, 129.5, 129.0
128.4, 128.1, 127.2, 126.9, 126.7, 125.2 (C-4a), 125.0
(C-5), 122.6 (C-7a), 46.6 (N4-CH,), 43.7 (N,-CH,),
38.9 (CH,). MS (EI): m/z 495.2 [M + HJ', 497.2 [M +
3]" (caled for C,oH,BrCIN,O,S: 493.98).

2-(0-Bromobenzyl)-4-(m-chlorobenzyl)-7-methyl-
1,1,3-trioxo-2H,4H-pyrazolo[4,5-e][1,2,4]thiadiazine
(30). Compound (1) and 3-chlorobenzyl chloride
were allowed to react at 40-50°C for 20 h. After the
addition of 2-Br benzyl bromide, the mixture was
allowed to react at 40-50°C for 12 h. Purification by
recrystallization from ethanol yielded compound 30 as
a white solid (70%), mp: 108-110°C. IR (KBr, cm™):
1,680 (C=0), 1,327, 1,192 (SO,). 'H-NMR (DMSO-dj,
600 MHz) &: 7.91 (s, 1H, PyH), 7.66 (dd, 1H, J = 7.40
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Hz, J=0.92 Hz, PhH), 7.20 (d, 1H, J = 7.70 Hz, PhH),
7.23-7.38 (m, 6H, PhH), 5.16 (s, 2H, NCH,), 5.07 (s,
2H, NCH,), 4.07 (s, 3H, CH,). MS (EI): m/z 495.2 [M
+ H]", 497.2 [M + 3] (caled for C,H,BrCIN,O,S:
493.98).

2-(p-Chlorobenzyl)-4-(2,4-dichlorobenzyl)-7-methyl-
1,1,3-trioxo-2H,4H-pyrazolo[4,5-€][1,2,4]thiadiazine
(3p). Compound (1) and 2,4-dichlorobenzyl chloride
were allowed to react at 40-50°C for 20 h. After the
addition of 4-chlorobenzyl chloride, the mixture was
allowed to react at 50-60°C for 20 h. Purification by

recrystallization from ethanol yielded compound 3p as
a white solid (67%), mp: 150-152°C. IR (KBr, cm™):
1,694 (C=0), 1,333, 1,192 (SO,). 'H-NMR (DMSO-d,
600 MHz) &: 7.78 (s, 1H, PyH), 7.68 (d, 1H, J = 2.15
Hz, PhH), 7.05 (d, 1H, J = 8.39 Hz, PhH), 7.36-7.41
(m, 5H, PhH), 5.12 (s, 2H, NCH,), 5.01 (s, 2H, NCH,),
4.08 (s, 3H, CH,). "C-NMR (DMSO-d,, 150 MHz) &:
148.8 (C=0), 133.2, 135.2, 133.1, 132.4, 132.3, 129.8,
129.4, 129.2, 129.0, 128.9, 128.5, 127.8, 126.3 (C-5),
125.7 (C-4a), 122.2 (C-7a), 47.0 (N,-CH,), 43.5 (N,-
CH,), 39.1 (CH;). MS (EI): m/z 485.3 [M + H]" (calcd
for C,,H,;CI;N,0,S: 483.99).
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