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Two series of 4H-pyrido[4,3-¢]-1,2,4-thiadiazine derivatives 3-5 and 7-12 were synthesized by the
reactions of 3-methylthiopyrido[4,3-¢]-1,4,2-dithiazine 1,1-dioxide 1 with 2-or 6-hydrazinoazines and 2-
aminophenols or 2-aminothiophenol, respectively. Aminolysis of 8 (R = Me, Y = O) afforded the cor-
responding 3-(R-amino)-4-(2-hydroxy-5-methylphenyl)-4H-pyrido[4,3-¢]-1,2,4-thiadiazine 1,1-dioxides
13-18. The structures of these compounds were confirmed on the basis of elemental analysis, spectral
data, and X-ray crystallography. Compounds 3-5, 7-10, 12-15, and 17-18 were screened in vitro for
antibacterial activity. Moreover, preliminary in vitro anticancer assay was performed for compounds 3,
7, 10, 11-13, and 17-18 at the National Cancer Institute (Bethesda, MD) at a single dose (10 uM) in
the full NCI 60 cell panel.

J. Heterocyclic Chem., 46, 1396 (2009).

INTRODUCTION bearing sulfonamide moiety, we developed a new syn-
thetic method for preparation of 4H-pyrido[4,3-¢]-1,2,4-
tant class of compounds with several types of biological thladolazme 1,1-d10x1.de (I=IIL, I_:lg' 1) which 1nvolYes
activities and well-established safety profile [1]. Previ- rea(.:tlon of the prev1f)us.ly .descrlbec.l [_32] 3-mthylth10-
ously, as part of an extensive research program on the  PYrido[4.3-¢]-1,4.2-thiadiazine 1,1-dioxide (1) with 2- or
synthesis of compound containing 2-thiobenzenesulfona- 6-hydrazinoazines, 2-aminophenols or 2-aminothiophe-
mide scaffold, several series of novel sulfonamides with nols as a key step. The previously described 4H-pyr-
remarkable antitumor activity [2-22], anti-HIV activity ~ 1do[4,3-e]-1,2,4-thiadiazine 1,1-dioxides (IV and V, Fig.
[2-6,16,22-28], or carbonic anhydrase inhibitors [29— 1) as the potassium channel openers, were obtained
31] were discovered in our laboratories. In the course of starting from 4-(hydroxy-, amino-, or alkylamino) pyri-
study on the synthesis of heterocyclic compounds dine-3-sulfonamide [33,34].

The aryl/heteroaryl sulfonamides constitute an impor-
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Figure 1. General structures of novel 4H-pyrido[4,3-¢]-1,2,4-thiadia-
zine 1,1-dioxides I-III and structures of known potassium channel
openers IV and V.

RESULTS AND DISCUSSION

Synthesis of the target compounds 3-5 and 7-12 was
achieved by a convenient one-pot procedure starting
from methylthiopyridodithiazine 1 as shown in Schemes
1 and 2. Thus, the reaction of 1 with appropriate 2-
hydrazinopyridine 2a—b or 2,4-dimethyl-6-hydrazinopyr-
imidine 2c¢ carried out in boiling toluene led to the pyri-

dothiadiazine derivatives 3-5. An analogous reaction of
2-aminophenols 6a—e or 2-aminothiophenol 6f with 1
furnished  5-thia-3,6,11b-triaza-benzo[c]fluorene  5,5-
dioxides 7-12. We propose a reaction sequence for the
transformations as shown in Scheme 2. The initial step
is believed to be formation of 3-arylaminopyridodithia-
zine intermediate A, which may arise by nucleophilic
displacement of the thiomethyl group, and subsequent
transformation resulting in the formation of 4-mercapto-
pyridine intermediate B. In the final stage of the reac-
tion, the nonisolable intermediate B undergoes an intra-
molecular ring closure via two-step addition—elimination
(SyAr) process leading to the formation of benzo[c]-
fluorene derivatives 7-12 in 46-58% yields. The struc-
tures of the newly obtained compounds 3-5 and 7-12
were confirmed by elemental analyses (C, H, N) and
spectroscopic data presented in the experimental section.

Further reactions of 8 with methylhydrazine or amines
in boiling THF led to the formation of desired 3-(R-
amino)-4-(2-hydroxy-5-methylphenyl)-4H-pyrido[4,3-e]-
1,2,4-thiadiazine 1,1-dioxides 13-18 in good yields (78—
92%). The proposed mechanism leading to the com-
pounds 13-18 is outlined in Scheme 3. Nucleophilic
attack of amine at the carbon C-6b atom of benzo[c]-
fluorene ring results in C—O bond cleavage, and forma-
tion of the 4-substituted-4H-pyrido[4,3-¢]-1,2,4-thiadia-
zine products 13-18 (structure C). It is worth noticing,
however, that the spectroscopic data for the latter

Scheme 1. Synthesis and proposed mechanism of the formation of pyridothiadiazine derivatives 3-5.

R R!
i R
S _-SMe R! 5. _N—N R
e = Toluene = \[/gr
COr™ X2 oY
N HoNo o™~ @ s reflux, 75900 N g N HNYX
£ n
&b H -MesH &% R
1 2a-¢
‘..l
R! B2
N= X SH
o Na’{ ; = HN—N
= D —— i\ I
| | R ) Nz S_,\]#{\N A
N, == lifN _H?S cjl’,.r\.\J' J\_ l
: J L =~
&% Ll
3-5
Compd R! R’ X r? 2% yield
2a,3 cl H C-Cly i} 68
Zb, 4 CFy H C-Cl H 63
2,5 H Me N Me 51

Journal of Heterocyclic Chemistry

DOI 10.1002/jhet



1398

Z. Brzozowski, J. Stawinski, A. Kedzia, E. Kwapisz, and M. Gdaniec

Vol 46

Scheme 2. Syntheses and proposed mechanism of the formation of 5-thia-3,6,11b-triaza-benzo[c]fluorene 5,5-dioxide derivatives 7-12.
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compounds (Experimental section) did not allow derivatives were dissolved in 1 mL of DMSO immedi-

straightforward discrimination between the actual pyr-
ido[4,3-¢]-1,2,4-thiadiazines 13—-18 (structure C) and the
alternative 4-aminopyridine-3-sulfonamides (structure D,
Scheme 3). Therefore, X-ray crystallography was under-
taken to confirm the proposed structure C on representa-
tive compounds 14 and 17. Molecular structures of com-
pounds 14 and 17 are shown in Figures 2 and 3, respec-
tively. These compounds crystallize as pyridothiadiazine
derivatives, i.e., the 2-hydroxy-5-methylphenyl moiety is
bound to the N-4 nitrogen atom of 1,2,4-thiadiazine
ring.

Biological assay. Compounds 3-5, 7-10, 12-15, and
17-18 were tested in vitro for antibacterial activity. The
investigation was carried out on 26 strains of anaerobic
bacteria isolated from the oral cavity, respiratory tract,
and intestinal tract, as well as 11 standard strains. The
anaerobes belonged to the following genera: Finegoldia
(2 strains), Micromonas (3), Actinomyces (2), Propioni-
bacterium (2), Prevotella (6), Porphyromonas (2), Fuso-
bacterium (3), Bacterioides (6), and standard strains:
Bacteroides fragilis ATCC 25285, Fusobacterium nucle-
atum ATCC 25586, Peptostreptococcus anaerobius
ATCC 27337, Peptostreptococcus magnus ATCC
29328, and Propionibacterium acnes ATCC 11827. The
susceptibility of the anaerobic bacteria was determined
by means of the plate dilution technique in Brucella
agar supplemented with 5% sheep blood [35-37]. The
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ately before the experiment. Further dilutions were per-
formed in sterile distilled water. The following concen-
trations of the compounds were used: 200, 100, 50, 25,
12.5, and 6.2 ng/mL. Metronidazole was used as a refer-
ence compound. The inoculum containing 10° CFU/spot
was applied to the agar plates with Steers replicator.
The inoculated agar plates and compound-free ones
were incubated in anaerobic jars for 48 h at 37°C in
10% CO,, 10% H, and 80% N, atmosphere with palla-
dium catalyst and indicator of anaerobiosis.
Furthermore, 25 strains of aerobic bacteria isolated
from the oral cavity, respiratory tract, and intestinal tract
as well as six standard strains were tested. The aerobes
were as follows: Staphylococcus (four strains), Coryne-
bacterium (2), Klebsiella (3), Acinetobacter (2), Esche-
richia (6), Pseudomonas (8), as well as standard strains:
Staphylococcus aureus ATCC 25923, Enterococcus fae-
calis ATCC 29212, Klebsiella pneumoniae ATCC
13883, Acinetobacter baumannii ATCC 19606, Esche-
richia coli ATCC 25922, and Pseudomonas aeruginosa
ATCC 27853. Amikacin was used as a reference com-
pound. The susceptibility of the aerobic bacteria was
determined by means of agar dilution technique with
Mueller-Hinton agar [35-37]. Further dilutions were per-
formed in sterile distilled water. The following concen-
trations of the compounds were used: 200, 100, 50, 25,
12.5, and 6.2 pg/mL. The inoculum containing 10°

DOI 10.1002/jhet
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Scheme 3. Syntheses and proposed mechanism of the formation of 3-
(R-amino)-4-(2-hydroxy-5-methylphenyl)-4H-pyrido[4,3-¢]-1,2,4-thiadia-
zine 1,1-dioxides 13-18.
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CFU/spot was applied to the agar plates with Steers rep-
licator. The inoculated agar plates and the compound-
free ones were incubated for 24 h at 37°C in aerobic
conditions. The minimal inhibitory concentration (MIC)
was defined as the lowest compound concentration,
which inhibited growth of bacteria.

The susceptibility of anaerobic and aerobic bacteria
toward compounds 3-5, 7-10, 12-15, and 17-18 was
shown in Table 1. The results have been compared with
those obtained either for metronidazole (anaerobes) or
amikacin (aerobes). Activity toward anaerobic bacteria
exhibited 3 of 13 tested compounds (3, 4, and 18). The
anaerobes were the most susceptible for compounds 4
and 18 which inhibited 7-8 (27-31%) strains at concen-
trations in the range from 25 to 100 pg/mL, whereas
compound 3 inhibited growth of 2 (8%) strains in lower
concentrations within limits 6.2-25 pg/mL) and other 3
(12%) strains at concentration of 100 pg/mL (Table 1).
The compounds active toward anaerobic bacteria (3, 4,
and 18) were effective to both Gram-positive and Gram-
negative strains.

In general, aerobic bacteria were less susceptible to
the tested compounds 3-5, 7-10, 12-15, and 17-18.
Activity toward aerobes was shown only for compound

Journal of Heterocyclic Chemistry

Figure 2. ORTEP drawing of compound 14 with the atom labeling
scheme. Displacement ellipsoids are drawn at the 50% probability
level.

13 which acted against 6 (24%) strains at concentrations
ranged from 50 to 100 pg/mL and was more effective to
Gram-negative strains. It is worthy of notice, however,
that 13 was able to inhibit growth of four among six
standard strains tested, such as Staphylococcus aureus
ATCC 25923, Enterococcus faecalis ATCC 29212,
Klebsiella pneumoniae ATCC 13883, and Escherichia

0

CM

Figure 3. ORTEP drawing of compound 17 with the atom labeling
scheme. Displacement ellipsoids are drawn at the 50% probability
level.
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Table 1
Antibacterial activity of compounds 3-5, 7-10, 12-15, and 17-18.
MIC (ug/mL)
Anaerobic bacteria Metronidazole® 3 4 5 7 8 9 10 12 13 14 15 17 18
Gram-positive
Finegoldia magna <0.4 - 50 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 50
Micromonas micros <0.4 <6.2 50 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 25
Actinomyces israelii 1.0 >200 25 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 50
Propionibacterium acnes >100 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200
Gram-negative
Prevotella bivia <0.4 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200
Prevotella buccalis <0.4 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200
Prevotella intermedia <0.4 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200
Prevotella loescheii <0.4 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200
Porphyromonas <0.4 100 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 50
asaccharolytica
Fusobacterium nucleatum <0.4 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 100
Fusobacterium necrophorum 1.6 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200
Bacteroides fragilis <0.4 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200
Bacteroides ureolyticus 12.5 25 100 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200
Aerobic bacteria Amikacin®
Gram-positive
Staphylococcus aureus <6.2 >200 >200 >200 >200 >200 >200 >200 >200 100 >200 >200 >200 >200
Corynebacterium spp. 25 >200 >200 >200 >200 >200 >200 >200 >200 100 >200 >200 >200 >200
Gram-negative
Klebsiella pneumoniae <6.2 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200
Acinetobacter baumannii <6.2 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200
Escherichia coli <6.2 >200 >200 >200 >200 >200 >200 >200 >200 100 >200 >200 >200 >200
Pseudomonas aeruginosa <6.2 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 >200
Pseudomonas stutzeri 12.5 >200 >200 >200 >200 >200 >200 >200 >200 50 >200 >200 >200 >200

# Metronidazole (Sigma).
® Amikacin sulfate salt (Sigma).

coli ATCC 25922 (MIC 100 pg/mL). The remaining
compounds were active toward aerobic bacteria at the
concentration equal or higher then 200 pg/mL.

The compounds 3, 7, 10, 11-13, and 17-18 were
tested in vitro at the National Cancer Institute (Be-
thesda, MD) at a single dose (10 pM) in the full NCI 60
cell panel. All tested compounds acted selectively and
exhibited structure depended reasonable or high activity
against one to two cell lines of leukemia, lung and CNS
cancers, or renal cancer cells as shown in Table 2. Com-
pounds 7 and 17 were the most potent of all derivatives
tested. Relatively highest sensitivity to the compounds
described here was found for cell lines of CNS cancer
(SF-295), leukemia (SR, MOLT-4), and lung cancer
(HOP-92) (Table 2). It is pertinent to note that further
evaluations concerning biological activity of pyridosul-
fonamides of type II and III (Fig. 1) are still in
progress.

EXPERIMENTAL

The following instruments and parameters were used: melt-
ing points Biichi 535 apparatus; ir spectra: KBr pellets, 400—
4000 cm™ ! Perkin Elmer 1600 FTIR spectrometer; 'H and C

Journal of Heterocyclic Chemistry

NMR: Varian Gemini 200 apparatus at 200 and 50 MHz,
respectively; chemical shifts are expressed as o values relative
to Me,Si as standard. The starting 3-methylthiopyrido[4,3-¢]-
1,4,2-dithiazine 1,1-dioxide 1 was prepared according to
method described previously [32].

General procedure for the preparation of pyridothiadia-
zine derivatives (3-5). A mixture of 3-methylthiopyrido[4,3-
e]-1,4,2-dithiazine 1,1-dioxide 1 (1.48 g, 6 mmol) and the cor-
responding 2-hydrazinopyridine 2a-b or 2.,4-dimethyl-6-hydra-
zinopyrimidine 2¢ (6 mmol) in dry toluene (20 mL) was
refluxed with stirring until the evolution of MeSH and H,S
had ceased (75-90 h). (CAUTION: because of high toxicity,
MeSH and H,S should be trapped in an aqueous NaOH solu-
tion). After cooling to room temperature, the precipitate was
collected by filtration, washed successively with toluene (4 x
3 mL) and methanol (3 x 1 mL), dried and purified by crystal-
lization from DMF. In this manner, the following compounds
were obtained.

10-Chloro-8-trifluoromethyl-5-thia-3,6,6b,11,11a-pentaaza-
benzo[alfluorene 5,5-dioxide (3). Starting from 3-chloro-5-tri-
fluoromethyl-2-hydrazinopyridine 2a (1.27 g) the title com-
pound 3 was obtained (1.55 g, 68%): mp 347-348°C dec.; ir
(KBr): 1645, 1580 (C=N, C=C) 1310, 1185, 1160 (SO,)
cm™'; "H NMR (dimethyl sulfoxide-dg): & 8.05 (d, J = 5.6
Hz, 1H, H-1), 8.30 (s, 1H, H-9), 8.99 (s, 1H, H-7), 9.03 (d, J
= 5.6 Hz, 1H, H-2), 9.26 (s, 1H, H-4) ppm; 3¢ NMR (di-
methyl sulfoxide-de): 6 109.95 (CF3), 115.95, 116.65, 119.17,

DOI 10.1002/jhet
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Table 2

In vitro tumor growth inhibition data for compounds
3,7, 10, 11-13, and 17-18.*

Compound Tumor cell line Growth inhibition %
3 Leukemia
MOLT-4 67.7
7 Leukemia
SR 89.8
MOLT-4 82.2
10 CNS cancer
SF-295 61.1
11 Nonsmall cell lung cancer
HOP-92 80.7
12 Leukemia
CRF-CEM 65.6
Nonsmall cell lung cancer
HOP-92 63.1
13 Renal cancer
RXF 393 60.1
UO0-31 515
17 CNS cancer
SF-295 99.1
Nonsmall cell lung cancer
HOP-92 72.3
18 CNS cancer
SF-295 81.4

“Data obtained from the National Cancer Institute (Bethesda MD).
Compounds were tested at a single dose (10 pM) in the full NCI 60
cell panel.

121.15, 124.80, 128.56, 138.05, 143.33, 143.55, 146.56,
154.15 ppm. Anal. Calcd. for C,HsCIF3N50,S (375.71): C,
38.36; H, 1.34; N, 18.64. Found: C, 38.38, H, 1.42, N, 18.76.

8-Chloro-10-trifluoromethyl-5-thia-3,6,6b,11,11a-pentaaza-
benzolalfluorene 5,5-dioxide (4). Starting from 5-chloro-3-tri-
fluoromethyl-2-hydrazinopyridine 2b (1.27 g) the title 4 was
obtained (1.43 g, 63%): mp 392-394°C dec.; ir (KBr): 1635,
1585, (C=N, C=C), 1335, 1310, 1170, 1145 (SO,) cm™'; 'H
NMR (dimethyl sulfoxide-ds): & 7.97 (d, J = 5.5 Hz, 1H, H-
1), 8.31 (s, 1H, H-9), 8.96 (d, J = 5.5 Hz, 1H, H-2), 9.05 (s,
1H, H-7), 9.20 (s, 1H, H-4), ppm. Anal. Calcd. for
C,HsCIF3NsO,S (375.71): C, 38.36; H, 1.34; N, 18.64.
Found: C, 38.42, H, 1.39, N, 18.68.

7,9-Dimethyl-5-thia-3,6,6b,11,11a-heksaaza-benzo[a]fluorene
5,5-dioxide (5). Starting from 2,4-dimethyl-6-hydrazinopyrimi-
dine 2¢ (0.83 g) the title 5 was obtained (0.93 g, 51%): mp
406-408°C dec.; ir (KBr): 1640, 1595, 1570 (C=N, C=C),
1300, 1295, 1150 (SO,) cm™"; 'H NMR (dimethyl sulfoxide-
de): & 2.72 (s, 3H, CH3-9), 2.90 (s, 3H, CH3-7), 8.26 (d, J =
5.8 Hz, 1H, H-1), 8.60 (s, 1H, H-10), 8.98 (d, / = 5.8 Hz, 1H,
H-2), 9.14 (s, 1H, H-4) ppm. Anal. Calcd. for Ci,H;oNgO,S
(302.21): C, 47.67; H, 3.33; N, 27.79. Found: C, 47.61, H,
3.50, N, 27.78.

General procedure for the preparation of 5-thia-3,6,11b-
triaza-benzo[c]fluorene 5,5-dioxide derivatives (7-12). A so-
lution of 3-methylthiopyrido[4,3-¢]-1,4,2-dithiazine 1,1-dioxide
1 (1.73 g, 7 mmol) and appropriate 2-aminophenol 6a—e or 2-
aminothiophenol 6f (7.2 mmol) in dry 1,4-dioxane (7 mL) was
refluxed with stirring until the evolution of MeSH and H,S
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had ceased (26-30 h). (CAUTION: because of high toxicity,
MeSH and H,S should be trapped in an aqueous NaOH solu-
tion). After cooling to room temperature, the reaction mixture
was left overnight. The precipitate was collected by filtration,
washed with 1,4-dioxane (2 x 0.5 mL), dried, and purified by
crystallization from DMF. In this manner, the following prod-
ucts were obtained.
7-Oxa-5-thia-3,6,11b-triaza-benzo[c]fluorene 5,5-dioxide
(7). Starting from 2-aminophenol 6a (0.78 g) the title com-
pound 7 was obtained (0.97 g, 50%): mp 352-353°C dec.; ir
(KBr): 1635, 1580, 1560 (C=N, C=C), 1360, 1305, 1175,
1135 (SO,) cm™'; '"H NMR (dimethyl sulfoxide-dg): & 7.47—
7.58 (m, 2H, H-9, and H-10), 7.35-7.80 (m, 1H, H-11), 8.30—
8.33 (m, 1H, H-8), 8.35 (d, / = 5.9 Hz, 1H, H-1), 8.96 (d, J
= 5.9 Hz, 1H, H-2), 9.22 (s, 1H, H-4) ppm. Anal. Calcd. for
C,H7N305S (273.27): C, 52.74; H, 2.58; N, 15.37. Found: C,
52.72, H, 2.69, N, 15.49.
10-Methyl-7-oxa-5-thia-3,6,11b-triaza-benzo[c]fluorene 5,5-
dioxide (8). Starting from 2-amino-4-methylphenol 6b (0.89 g)
the title compound 8 was obtained (1.15 g, 57%): mp 346—
347°C; ir (KBr): 1660, 1625, 1575 (C=N, C=C), 1335, 1305,
1170 (SO,) cm™'; 'H NMR (dimethyl sulfoxide-dg): & 3.30 (s,
3H, CHy), 7.31 (d, J = 8.4 Hz, 1H, H-9), 7.63 (d, / = 8.4 Hz,
1H, H-8), 8.17 (s, 1H, H-11), 8.37 (d, J/ = 5.9 Hz, 1H, H-1), 8.96
(d,J = 5.9 Hz, 1H, H-2), 9.21 (s, 1H, H-4) ppm; >C NMR (di-
methyl sulfoxide-dg): & 21.28, 110.91, 111.31, 118.91, 126.64,
126.89, 127.27, 13591, 138.44, 141.94, 146.59, 154.00 ppm.
Anal. Caled. for C;3HgN3;O3S (287.29): C, 54.35; H, 3.15; N,
14.62. Found: C, 54.39, H, 3.27, N, 14.64.
10-Chloro-7-oxa-5-thia-3,6,11b-triaza-benzo[c]fluorene 5,5-
dioxide (9). Starting from 2-amino-4-chlorophenol 6c¢ (1.03 g)
the title compound 9 was obtained (1.06 g, 49%): mp 357—
358°C; ir (KBr): 1670, 1620, 1575 (C=N, C=C), 1385, 1315,
1170 (SO,) cm™'; 'H NMR (dimethyl sulfoxide-de): & 7.57 (d,
J = 8.8 Hz, 1H, H-9), 7.97 (d, J = 8.8 Hz, 1H, H-8), 8.38 (d,
J = 5.8 Hz, 1H, H-1), 8.46 (s, 1H, H-11), 8.94 (d, J = 5.8 Hz,
1H, H-2), 9.21 (s, 1H, H-4) ppm; '*C NMR (dimethy! sulfox-
ide-dg): & 111.12, 113.04, 114.69, 118.81, 126.45, 128.44,
130.19, 137.97, 142.76, 146.63, 153.09, 154.15 ppm. Anal.
Caled. for Co,HgCIN3OsS (307.71): C, 46.84; H, 1.96; N,
13.65. Found: C, 46.81, H, 2.02, N, 13.67.
10-Nitro-7-oxa-5-thia-3,6,11b-triaza-benzo[c]fluorene 5,5-
dioxide (10). Starting from 2-amino-4-nitrophenol 6d (1.11 g)
the title compound 10 was obtained (1.04 g, 46%): mp 393—
396°C dec.; ir (KBr): 1680, 1630, 1570 (C=N, C=C), 1385,
1340, 1170, 1155 (SO,) cm™'; 'H NMR (dimethyl sulfoxide-
de): 6 8.03 (d, J = 8.7 Hz, 1H, H-8), 8.45 (d, J = 6.0 Hz, 2H,
H-1, and H-2), 8.99 (s, 2H, H-10, and H-11), 9.27 (s, 1H, H-4)
ppm. Anal. Calcd. for C;,HgN4OsS (318.27): C, 45.28; H,
1.90; N, 17.60. Found: C, 45.34, H, 2.00, N, 17.59.
10-(Ethylsulfonyl)-7-oxa-5-thia-3,6,11b-triaza-benzo[c[fluorene
5,5-dioxide (11). Starting from 2-amino-4-(ethylsulfonyl)phenol
6e (1.45 g) the title compound 11 was obtained (1.49 g,
58%): mp 283-284°C; ir (KBr): 1665, 1620, 1580 (C=N,
C=C), 1350, 1325, 1165, 1135 (SO,) cm '; 'H NMR (di-
methyl sulfoxide-dg): & 1.15 (t, J = 5.2 Hz, 3H, CHjy), 3.52
(q, 2H, CH2), 8.03 (s, 2H, H-8, and H-9), 8.40 (d, J = 5.5
Hz, 1H, H-1), 8.62 (s, 1H, H-11), 9.04 (d, J = 5.5 Hz, 1H,
H-2), 9.26 (s, 1H, H-4) ppm. Anal. Calcd. for C;4H;{N305S,
(365.40): C, 46.02; H, 3.03; N, 11.49. Found: C, 46.11, H,
3.19, N, 11.52.
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5,7-Dithia-3,6,11b-triaza-benzo[c]fluorene 5,5-dioxide
(12). Starting from 2-aminothiophenol 6f (0.9 g) the title com-
pound 12 was obtained (1.0 g, 49%): mp 318-319°C; ir (KBr):
1685, 1580, 1565 (C=N, C=C), 1345, 1320, 1160 (SO,)
cm ™ '; '"H NMR (dimethyl sulfoxide-de): & 7.56 (t, J = 7.6 Hz,
1H, H-9), 7.63 (t, / = 7.6 Hz, 1H, H-10), 8.09 (d, / = 7.6 Hz,
1H, H-8), 8.25 (d, J = 7.6 Hz, 1H, H-11), 8.27 (d, J = 5.9
Hz, 1H, H-1), 8.97 (d, / = 5.9 Hz, 1H, H-2), 9.21 (s, 1H, H-
4) ppm; *C NMR (dimethyl sulfoxide-dg): & 112.52, 117.76,
119.69, 123.50, 124.94, 127.56, 128.26, 135.51, 141.32,
146.83, 154.25, 167.59 ppm. Anal. Calcd. for C,H7N30,S,
(289.34): C, 49.81; H, 2.44; N, 14.52. Found: C, 49.85, H,
2.52, N, 14.61.

General procedure for the preparation of 3-(R-amino)-4-
(2-hydroxy-5-methylphenyl)-4H-pyrido[4,3-¢]-1,2,4-thiadia-
zine 1,1-dioxides (13-17). A solution of dioxide 8 (0.58 g, 2
mmol) and the appropriate amine RNH, (2.2 mmol) in tetrahy-
drofuran (8 mL) was stirred at reflux for 3 h. The solvent was
evaporated under lowered pressure, and then dry residue was
dissolved in hot methanol (5-10 mL). After cooling to room
temperature and standing overnight, the precipitate of the
adequate product was filtered off, washed with methanol, and
dried at temperatures gradually increasing to 105°C.

4-(2-Hydroxy-5-methylphenyl)-3-(2-methylhydrazino)-4H-pyr-
ido[4,3-e]-1,2,4-thiadiazine 1,1-dioxide (13). Starting from
methylhydrazine (0.1 g), the title compound 13 was obtained
(0.52 g, 78%): mp 187-189°C dec.; ir (KBr): 3425, 3315,
3195 (OH, NH), 1595, 1545 (C=N, C=C), 1345, 1175 (SO,)
cm '; '"H NMR (dimethyl sulfoxide-dg) & 2.22 (s, 3H, CH;
Ph), 3.38 (s, 3H, CH;3N), 6.19 (d, J/ = 5.6 Hz, 1H, H-5, pyrido-
thiadiazine), 6.90-6.94 (m, 2H, arom.), 7.09-7.14 (m, 1H,
arom.) 8.83 (d, J = 5.6 Hz, 1H, H-6, pyridothiadiazine), 8.69
(s, 1H, H-8, pyridothiadiazine), 9.30-9.80 (br.s, 3H, OH and 2
x NH) ppm. Anal. Calcd. for Ci4H;5NsO3S (333.37): C,
50.44; H, 4.53; N, 21.00. Found: C, 50.47; H, 4.62; N, 21.02.

3-Allylamino-4-(2-hydroxy-5-methylphenyl)-4H-pyrido [4,3-
e]-1,2,4-thiadiazine 1,1-dioxide (14). Starting from allylamine
(0.13 g), the title compound 14 was obtained (0.56 g, 81%):
mp 247-248°C; ir (KBr): 3500, 3380 (OH), 3335 (NH), 1600,
1555 (C=N, C=C), 1345, 1175, 1160 (SO,) cm'; '"H NMR
(dimethyl sulfoxide-dg) & 2.27 (s, 3H, CHy), 3.81 (d, J = 4.2
Hz, 2H, CHy), 5.04 (dd, Jis = 103 Hz, Jeem = 1 Hz, 1H,
NCH, CHc=CH,), 5.09 (dd, Jyans = 17.2 Hz, lyer, = 1.0 Hz,
1H, NCH, CHc=CHp), 5.75-5.86 (m, 1H, NCH,CHc=CH,),
6.23 (d, J = 5.9 Hz, 1H, H-5, pyridothiadiazine), 7.03-7.08
(m, 1H, arom.), 7.13 (brs, 1H, OH), 7.21-7.32 (m, 2H,
arom.), 8.47 (d, J = 5.9 Hz, 1H, H-6, pyridothiadiazine), 8.84
(s, 1H, H-8, pyridothiadiazine), 10.20 (s, 1H, NH) ppm; "*C
NMR (dimethyl sulfoxide-dg) & 20.22, 43.71, 110.61, 115.44,
118.17, 119.92, 120.20, 130.45, 130.56, 133,22, 134.42,
144.48, 145.11, 150.40, 152.02, 152.67 ppm. Anal. Calcd for
Ci6H16N4O3 S (344.40): C, 55.80; H, 4.68; N, 16.27, Found:
C, 55.84; H, 4.77; N, 16.39.

3-Benzylamino-4-(2-hydroxy-5-methylphenyl)-4H-pyrido[4,3-
e]-1, 24-thiadiazine 1,1-dioxide (15). Starting from benzyl-
amine (0.24 g), the title compound 15 was obtained (0.75 g,
95%): mp 256-257°C; ir (KBr): 3660, 3485, 3410 (OH), 3290
(NH), 1600, 1560 (C=N, C=C), 1340, 1180, 1150
(SOx)em™"; '"H NMR (dimethyl sulfoxide-ds) & 2.27 (s, 3H,
CHs), 4.43 (d, J/ = 4.1 Hz, 2H, CH,), 6.28 (d, / = 5.9 Hz, 1H,
pyridothiadiazine), 7.06-7.3 (m, 8H, arom.), 7.64 (br.s, 1H,

Journal of Heterocyclic Chemistry

Z. Brzozowski, J. Stawinski, A. Kedzia, E. Kwapisz, and M. Gdaniec

Vol 46

OH), 8.49 (d, J = 5.9 Hz, 1H, H-6, pyridothiadiazine), 8.58 (s,
1H, H-8, pyridothiadiazine), 10.30 (br.s, 1H, NH) ppm; "*C
NMR (dimethyl sulfoxide-dg) & 20.23, 44.76, 110.67, 118.19,
119.93, 120.24, 126.96, 128.44, 130.43, 130.59, 133.26,
138.81, 144.52, 145.12, 150.73, 152.12, 152.74 ppm. Anal.
Calcd. for C50H; gN4O5S (394.45): C, 60.89; H, 4.59; N, 14.20.
Found: C, 60.92; H, 4.67; N, 14.19.

4-(2-Hydroxy-5-methylphenyl)-3-(2-pyridylmethylamino)-4H-
pyrido[4,3-e]-1,2,4-thiadiazine 1,1-dioxide (16). Starting from
2-pyridylmethylamine (0.24 g) the title compound 16 was
obtained (0.7 g, 88%): mp 168-169°C dec.; ir (KBr): 3470
(OH), 3275 (NH), 1600, 1590, 1575 (C=N, C=C), 1345,
1150 (SOz)em™'; 'H NMR (dimethyl sulfoxide-dg) & 2.27 (s,
3H, CHy), 3.14 (d, J/ = 5.1 Hz, 2H, CH,), 6.27 (d, J/ = 5.9 Hz,
1H, H-5, pyridothiadiazine), 7.07 (d, / = 8.3 Hz, 1H, arom.),
7.20 (s, 1H, OH), 7.29-7.36 (m, 2H, arom.), 7.66-7.70 (m,
2H, arom.), 8.42-8.47 (m, 2H, arom.), 8.50 (d, / = 5.9 Hz,
1H, H-6, pyridothiadiazine), 8.85 (s, 1H, H-8, pyridothiadia-
zine), 10.27 (s, 1H, NH) ppm. Anal. Calcd. for C;9H;7N503S
(395.43): C, 57.71; H, 4.33; N, 17.71. Found: C, 57.78; H,
4.41; N, 17.89.

3-(Furfurylamino)-4-(2-hydroxy-5-methylphenyl)-4H-pyr-
ido[4,3-e]-1,2,4-thiadiazine 1,1-dioxide (17). Starting from
furfurylamine (0.22 g), the title compound 17 was obtained
(0.68 g, 88%): mp 240-241°C dec.; ir (KBr): 3505 (OH), 3375
(NH), 1605, 1590, 1555 (C=N, C=C), 1340, 1175, 1150
(SO,) cm™'; 'H NMR (dimethyl sulfoxide-dg) & 2.27 (s, 3H,
CHs), 4.37 (s, 2H, CH,), 6.26 (d, J = 5.6 Hz, 2H, arom.), 6.38
(s, 1H, arom.), 7.05 (d, J = 8.3 Hz, 1H, arom.), 7.14 (s, 1H,
OH), 7.30 (d, J = 8.3 Hz, 1H arom.), 7.45-7.60 (m, 2H,
arom.), 8.48 (d, J = 5.9 Hz, 1H, H-6, pyridothiadiazine), 8.86
(s, 1H, H-8, pyridothiadiazine), 10.22 (s, 1H, NH) ppm. Anal.
Calcd. for C gH cN4O4S (384.42): C, 56.24; H, 4.19; N, 14.57.
Found: C, 56.30; H, 4.27; N, 14.58.

Synthesis of 4-(2-hydroxy-5-methylphenyl)-3-[2-(4-sulfa-
moylphenyl)ethylamino]-4H-pyrido[4,3-e]-1,2,4-thiadiazine
1,1-dioxide (18). A solution of dioxide 8 (0.58 g, 2 mmol)
and 4-(2-aminoethyl)benzenesulfonamide (0.44 g, 2.2 mmol)
in tetrahydrofuran (25 mL) was refluxed with stirring for 5 h.
After cooling to room temperature, the suspension was left
overnight. The precipitate was collected by filtration, washed
successively with tetrahydrofuran (2 x 1.5 mL) and methanol
(5 x 2 mL), and dried initially at room temperature and then
at 105°C. Yield 0.9 g (92%): mp 276-277°C; ir (KBr): 3500
(OH), 3360, 3305, 3280 (NH and SO,NH,), 1600, 1555
(C=N, C=C), 1335, 1160, 1150 (SOy)cm '; 'H NMR
(dimethyl sulfoxide-dg) & 2.24 (s, 3H, CH3), 2.86 (t, J = 5.0
Hz, 2H, NCH,CH,PhSO,), 3.39 (t, J = 5.0 Hz, 2H,
NCH,CH,PhSO,), 6.25 (d, J = 5.2 Hz, 1H, H-5, pyridothia-
diazine), 6.95-7.19 (m, 3H, arom.), 7.27 (br.s, 3H, SO,NH,,
and OH), 7.35 (d, / = 7.4 Hz, 2H, H-3 and H-5, Ph SO,),
7.74 (d, J = 7.4 Hz, 2H, H-2 and H-6, Ph SO,), 8.47 (d, J =
5.2 Hz, 1H, H-6, pyridothiadiazine), 8.88 (s, 1H, H-8, pyrido-
thiadiazine), 10.08 (s, 1H, NH) ppm. Anal. Calcd. for
C,1H,N505S, (487.56): C, 51.73; H, 4.34; N, 14.36. Found:
C, 51.70; H, 4.41; N, 14.45.

X-ray structure analysis. The diffraction data were col-
lected with a KumaCCD diffractometer using graphite mono-
chromated Mo K, radiation. The intensity data were collected
and processed using Oxford Diffraction CrysAlis Software
[38]. The crystal structures were solved by direct methods
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with the program SHELXS-97 [39] and refined by full-matrix
least-squares method on F* with SHELXL-97 [40].

Crystal data for 14: C;cH;¢sN4O3S, monoclinic, space group
P2y/c, a = 9.2385(9), b = 11.6851(10), ¢ = 15.0960(14) A,
B =95.274(8)°, V = 1622.8(3) A>, Z = 4, d, = 1.410 g cm ™,
T = 130 K. Data were collected for a crystal with dimensions
0.4 x 0.4 x 0.1 mm. Final R indices for 2570 reflections with /
> 206([) and 227 refined parameters are: Ry = 0.0367, wR, =
0.0942 (R, = 0.0502, wR, = 0.1009 for all 3309 data).

Crystal data for 17: C;gH;¢N404S-CH3;0H, monoclinic,
space group P2/c, a = 10.9766(10), b = 11.4912(11), ¢ =
15.6294(15) A, B = 102.592(8)°, V = 1924.03) A%, Z = 4, d,
= 1.438 g cm ™, T = 130 K. Data were collected for a crystal
with dimensions 0.4 x 0.4 x 0.1 mm. Final R indices for
2798 reflections with / > 2c(/) and 271 refined parameters are
as follows: R; = 0.0435, wR, = 0.1131 (R, = 0.0640, wR, =
0.1235 for all 3903 data).

Crystallographic data for compounds 14 and 17 have been
deposited with Cambridge Crystallographic Data Centre
(CCDC deposition numbers CCDC 684581 and 684582,
respectively). Copies of the data can be obtained upon request
from CCDC, 12 Union Road, Cambridge CB2 1EZ, UK, quot-
ing the deposition numbers.
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