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Synthesis and COX-2 Inhibitory Activity of Benzothiazine-3-carboxamide Derivatives
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Abstract — In this study, newly designed COX-2 inhibitors, synthetic derivatives of benzothiazine-3-carboxamide, were
screened in vitro for selectivity of COX-1 and COX-2 inhibition properties. 7-Bromo-1,2-benzoisothiazine derivatives were
obtained from 4-bromotoluene over the chlorosulfonation, amination and oxidation. And benzothiazine ring was synthesized
tarough Gabriel-Colmann rearrangement reaction. To evaluate inhibitory effect of COX-2, synthetic derivatives of ben-
zothiazine-3-carboxamide were tested with accumulation of prostaglandin by lipopolysaccharide in aspirin-treated murine
macropharge cell. Some of the synthesized lead compounds have potentially shown the structure-activity relationship for

selectivity of COX-2 inhibition activity.
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FREAE NSt s =3, A9d F2F Ad A2
+ COX-2 AsiAl Mg 28 TREA2 SAGNE AMleh=
ATEA COX-2 AHAEE Y% murine macropharge RAW
264.7 AXFTE ol gsted AFHA AEHE(in vitro) 2= F7}
SISt 95 a0E ANk o Ry ofEEY AERd
o] 54 9 Az gt A2 thE A A ek
% QAo Lee 59 Ao wapty 94, COX 547}
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NMR spectrumS TMSE EFEZEZ d}o] 300MHz Gemini
Varian NMR spectrometerZ Z3 33t 4 a3} Adgol=
murine macropharge RAW 264.7 MEFE A}1-E31% o
prostaglandin E,(PGE,), &4 A9%4{*(enzyme immunometric
assay)S& 9%t &9 prostaglandin E, AChE Tracer 52
Cayman Chemical(Ann Arbor, ML USA)°llA F-9)8le] ARg-s}
&t} lipopolysaccharide(LPS, E. coli 0111 : B4), aspirin,
arachidonic acid 5] A]2F& Sigma Chemical(St. Louis. MO.
USA)ll A T4l3te] A8-3%iTh. Fetal bovine serum(FBS),

GIBCO BRL(Gaithresburg, MD.
e 15 Aol

penicilline-streptomycin 5+
USAIA Felstsiom 71el ol Fagh Aok
& ARSI

sigrEel &
7-Bromo-4-hydroxy-1,2-benzothiazine derivatives (7)2]
M _Kwon 59 &4 b o) w}2l® chlorosulfonic acid(l)
1329 ml (2.0 mo)E 21, ice bathE AR 10°CE £-A3}t
HA] p-bromotoluene(2) 171 g (1.0 mol)y= 3] A7yskal A
oA 3AI7F o mRrERITt. BES-AS A3-Eol Zlshar e
,q SR WHS-A1A 2-chlorosulfonyl-4-bromotoluene(3)yS A1
3 o] 3&E 82 g (0.3 mo)E ¥HE-£71el ©a1, 30°C oJ5l= &
X]S]'“q’ﬂ PEolr 849 miE HA3] A7sIGitt. 25& 80°C
2 %o]3 wykt & 2-aminosulfonyl-4-bromotoluene(4)e 43
3}, o] 3BE- 27 g (0.1 molyl 30%-NaOH €4 14 mi= 7}
sl RN =90t 258 38-40°CE #4154 potassium
permanganate 48.4 g (0.31 mo)E &£3¥ 3] 7}t 4
2ol bt aRkgE & of st o{ Ao 3} NaHSO.E 718t
o] WS FAo7 Wi}, o] sodium 6-bromobenzosulfimide
(5) 4g (0014 moDX DMF 4mll methyl chloroacetate
1.2ml (0.014 mol)3} wytalaA 713+ 5 3x)71EQt 33Tt
sodium methoxide €40l 6-bromo-3-oxo-1,2-benzothiazoline-3-
acetic acid methyl ester-1,1-dioxide(6) 0.63 g (0.002 mol)&
Alell kst 2 F 1A7HEQE 58k A S Adike,
ice bath AtollA] c-HCHE: #83] 7}81d 7-bromo-4-hydroxy-2H-
1,2-benzothiazine 53] 33HE-S ARt} o& AAlF 2.1 mio)
7F8taL A=2ollx] 24R17F wEgElgit). AR vlwde] AAE P
methanol= AlHetHA Zdoigate] HAgehE (S B3t
7-Bromo-4-hydroxy-2-methyl-N-(2-pyridinyl)-1,2-
benzothiazine-3-carboxamide-1,1-dioxide (8)2] &M -7-
Bromo-4-hydroxy-2-methyl-1,2-benzothiazine-3-carboxylic ~ acid
methyl ester-1,1-dioxide(7) 0.5 g (0.0014 mol)®} 2-aminopyridine
5&% 2-aniline®]L} 2-(2-aminoethyDpyridine 0.20 m/ (0.0024 mol)
< two neck round bottom flask®| @31 99+% anhydrous p-
xylene 20mig 718t AartAd FHAIZIH 24407 88
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Scheme 1 - Synthesis of 7-bromo-4-hydroxy-2-methyl-N-pyridinyl-
1,2-benzothiazine-3-carboxamide-1,1-dioxides (8a-8c¢).

G}, kS 23 & 719RsE3)0] A7) solidS methanolE A

AA3GA T} Yield 0.15 g (24.6%), mp 198-200°C, Fomula
Cy;H;6BrN;0,S (M.W. 438.29), NMR (DMSO-dg), 82.75 (s, 3H,
CH,), 301 , 2H, CH,), 3.35 (s, 1H, NH), 3.61 (g, 2H, CH,),
7.20-8.90 (m, 7H, BrC,;H;), (Scheme 1).

L 3.

7-Bromo-4-hydroxy-2-methyl- Apicolinyl-1,2-benzothiazine
-3-carboxamide-1,1-dioxide derivatives (9-12)2] &4

1) 7-Bromo-4-hydroxy-2-methyl-N-{2-(3-picolinyl)}-1,2-benzo-
thiazine-3-carboxamide-1,1-dioxide(9)2] &4

7-Bromo-4-hydroxy-2-methyl-1,2-benzothiazine-3-carboxylic
acid methyl ester-1,1-dioxide (7) 0.35g (0.001 mol)3} 2-amino
-3-picoline 0.21ml (0.002 mol)S two neck round bottom
flaskell ¥ 99+% anhydrous p-xylene 20 miZ 7}l A4vt
25 FIATIH 2477 BFCH whAE A7 3, A%kE
Z3to] A7) solidZ methanol® AH2 74 5+It}. Yield 0.16 g
(38.1%), mp 259-261°C, Fomula C,gH,,BrN,0,S (MW, 424.26),
NMR (DMSO-dg), 82.37 (s, 3H, CHy), 2.84 (s, 3H, CHy),
3.36 (s, 1H, NH), 7.15-8.31 (m, 6H, BrC,;;Hy), IR (KBr, cm™)
3329 (NH), 1620 (CO), 1453 (aromatic), 1333 (SO,)

2)  7-Bromo-4-hydroxy-2-methyl-N-{2-(4-picolinyl) }-1,2-benzo-
thiazine-3-carboxamide-1,1-dioxide(10)2] 43

7-Bromo-4-hydroxy-2-methyl-1,2-benzothiazine-3-carboxylic
acid methyl ester-1,1-dioxide (7) 0.35 g (0.001 mol)¥} 2-amino
-4-picoline 0.22 g (0.002 mol)& two neck round bottom flask
o] Y 994 % anhydrous p-xylene 20 miZ 75l AATIAE
ETA7I5] 2007 SR WLAE A7 T, 7R ES)o]
2871 solid® methanol® A ZAA 5}, Yield 0.11 g (26.2%),
m.p. 248-250°C, Fomula C,cH;,BIN;0,S (MW 424.26),
NMR (DMSO-dg), 2.38 (s, 3H, CHy), 3.30 (s, 3H, CHy),
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337 (s, 1H, NH), 7.05-8.44 (m, 6H, BrC;H,), 10.34 (s, 1H,
OH, IR (KBr, cm™) 3335 (NH), 1620 (CO), 1438 (aromatic),
1333 (S0,)

3. 7-Bromo-4-hydroxy-2-methyl-N-{2-(5-picolinyl)}-1,2-benzo-
thiaz: ne-3-carboxamide-1,1-dioxide(11)%] ¥d

7-Bromo-4-hydroxy-2-methyl-1,2-benzothiazine-3-carboxylic
acid :nethyl ester-1,1-dioxide (7) 0.35 g (0.001 mol)™ 2-amino-
5-picnline 0.22 g (0.002 mol)S two neck round bottom flask
ol 53 99+% anhydrous p-xylene 20 miZ 7}3j0] ALVAE
Sk 17 2473 B3Il vhg e A7 & b &S]
A% solidE methanol® AZAAEATE Yield 0.27 g (64.3%),
mp :18-221 , Fomula CH,;,BrN;0,S (M.W. 424.26), NMR
(DM$50-dg), 62.32 (s, 3H, CHy), 3.37 (s, 1H, NH), 344 G,
3H, CH,), 7.63-850 (m, 6H, BrC,Hy), 10.34 (s, 1H, OH),
IR :kBr, cm™), 33109 (NH), 1650.8 (CO), 1518 (aromatic),
1333.9 (50,), (Scheme 2)

4, 7-Bromo-4-hydroxy-2-methyl-N-{2-(6-picolinyl) }-1,2-benzo-
thiaziae-3-carboxamide-1,1-dioxide(12)2] €4

7-Lromo-4-hydroxy-2-methyl-1,2-henzothiazine-3-carboxylic
acid methyl ester-1,1-dioxide (7) 0.35g (0.001 mol)¥} 2-amino-
6-picoline 0.22 g (0.002 mol)S two neck round bottom flask
of “43 99+% anhydrous p-xylene 20 mis 7}6‘}0% 75:_1_’1\]]-’\5
T3 1719 2473 SFSISICE WSS HE ¥, AskeEee
A% solidE methanolZ 22 %3} th. Yield 0.03 g (7.1%),
mp 206-208°C, Fomula C,¢H,,BrN;0,5 (M.W. 424.26), NMR
(DM&O-dg), 062.45 (s, 3H, CHy), 3.36 (s, 1H, NH), 3.43 (s,
3H, °H,), 7.11-8.52 (m, 6H, BrC,;H,), 10.24 (d, 1H, OH),
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Scheme 2 — Synthesis of 7-bromo-4-hydroxy-2-methy!-N-picolinyl-
1,2-benzothiazine-3-carboxamide-1,1-dioxides (9-12).
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IR (KBr, cm™) 3368 (NH), 1658 (CO), 1451 (aromatic), 1319
(SOy)
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Murine macropharge RAW 264.7 A X5 & 5% CO,, 37°C
w71l Dulbeco's modified Eagle's Medium(DMEM, 1%
penicillin-streptomycin(10,000 unit/mf), 10% FBS) v =] & 2-3
d 7HF 0 AUkt o plate vl F-2E AEE EE
g W= trypsin-EDTA #EES] Qe e dd2elsial 3
3] A& £ fetal bovine serum(FBS)e) 5o} A &
Dulbeco's modified Eagle's Medium(DMEM)© 2 10° cell/mi
7} F=F AYART o] dghe]| ofAulRE 500 uMe] HiE
£ risled Aol FEESHRE COX 540 84S upyidaes
Ao, o] Aethg 96 well AEu|FES] Z} wellell 100
WE 7111 5% CO,, 37°CAA 2/\]7\_}%"} Hijekete] A AEE
|7 Bl F2AZITE F3E A MEE PBSE 33] AA%H
%, 2 well XA oGl diAMEE AP A3

Lipopolysaccharide(LPS)2 f<E COX-2 Maliga A8
Hemacytometer® #HZ MEF7} 10° celymlE 24 H 96
well AlEZufjekie] 2t wellell 10 ug/mi®] LPSE il 3%2
FBS7} $H1% DMEM ®iA] 200 wE ¥ A%, oA s &
A FEF FEEES 208 xiﬂo}%iv}. 5% CO,, 37°ClA 16
’\] (Feot ilekstar Nkg T8 § A AT sl &
A BAo] wj2H® ELISA plate reader® ©]83te] F4=
(504 nm)E Z7g3R= W o2 A2l prostagladin E,(PGE,)%
< o] g3l FFBISITE 2 NSAIDES] IC, = LPSE 2|3}
7] & dizTolA AAAE PGEel thst, LPSE X2k Ad
ol A PGE,FS x0|2%E % A5 (% inhibition)S:
T & ARkt A8 =TS duplicate® 38 o1 F
d AYPE BT

Arachidonic acid(AAYS XZ[8F COX-2 A& MY

HFMZT7} 10° celymZ 273 E 96 well AlEujokate] 2+
welll 10 pug/mi®] LPSE X3tz 3%%] FBS7} 4%
DMEM HiA] 200 We Y1 5% CO,, 37°ColA wjoksle] COX-
2 3L AR 1641757t vioFsE &, PBSE IAAIEE
AHSEAL 2 wellell FBS7F 0517 942 DMEM i+ 200
£ B3 AMAEE 2w AHeElsle] 5-1587F 37°CollA #AJst
et FEE5%7) 10 uMe] HE= arachidonic acidE &3}t
15-20827F AQujekstsl s COX-1 49 A% ofwl = &
A 2 A AEE ARSI vhe FE F e A5
< 3lste] A4 HeEAHel me} ELISA plate readers ©)
|30l FE=(G04 nmyE S HHCE {28 PGEFS
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arachidonic acidell thet COXS] 285 M=z o=z Azsl] PG
9] A& oA15h adenosine diphosphate® 13 F4% 27
7} collagen €89 A271F A3t FEg 297F -2
Uehfis 2 Sol BusgichB1 o2 gs) A velM e A
=3 77 da g% a3t €4 oxicam Al 8%
ol Ajleto] dEld FRE0|YE AEs Y AEAE
9 A BT COXas AEEae] Agdel] #%t A8
zlagssict

/34382 p-bromotoluenes ELEAFE 3o chlorosulfo-
nationd B]33}%y amination, oxidation & cyclizationg- A4
6-bromobenzosulfimideE $J5}%1 1 Gabriel-Colmann rearrange-
ment? NE1E A benzothiazine +EAIE d3ich, &
H, pyridine®oll= ThE X87)7F 2 pyridine®] -} picoline Al
Ae] ThE hetero 11T|E X|FTO2H HF EAIES T
sielch. ol st TxelgHES] AeFdE COX-17 COX-2°9] &4
3 ohulicAt 2H7igke] AT ae-S 7t o] A olung e
del] L3t 45 AE-S ZHE & YA HE Aolth o= =
& dockingA|Z W COX-1¥ COX-22] BAF-oNA 248
< & F 9l= AA7F COX-20l v Yota %3t Rhee 5¢ H
1920 gxlo] B F4dgo] 7Fs 8 amide?] 52 AE
A Qe AREP8EAR B 5 9ok

gz A9 Jass AFoRE= COX &4l welEe
murine macropharge RAW 264.7 4|39 bacterial lipopo-
lysaccharide(LPS)E *2lsle] COX-2 4% F&EF F,
prostaglandin /35 W3S v]@sl= #5522 (induction model)
&% 01831 Fi4 A 5(% inhibitionye AHE3ISIY

WA, benzothiazine & Br& {32 2-aminopyridine
7% amide group®.% 143t benzothiazine-3-carboxamide 7|

Comp. X

8a Br  2-Aminoethylpyridine

8b Br  2-Aminopyridine

8¢ Br

2- Aniline
8 30 60 90

Fig. 1% Inhibitory activity of N-pyridinyl-1,2-benzothiazine-3-
carboxamide derivative (8a-8c) on COX-2 in LPS-stimulated
RAW 264.7 cell at 10 pg/mi.

49 35HE(8a-8c)0] EAAE A= Fig. 10 YR vlel
o] 3}HE 8a 24.4137.1CHWTETHAD), R 8b 88.6
+394% 183 FIFE 8ct 83.3125.7% 8be} 8c= w$- &
43k COX-2 A a®ZE et Aminopicoline 717} =4€
benzothiazine-3-carhoxamide Al22] F=A5(9-12)2] a4A3|
E7-= Fig. 20 Vb vie) ho] 318 92 4.01234, 33
£ 10 328141, 3E 112 68.6126.7% 18] 35HE 12
T 6031224% o] AQS FHEEL dAFHCE 50% IFE
g COX-2 Mallamg Jeisict.

ol9} 2 AARE WHICE &4 prostaglandin®] WA
Folli= LPSoll 23te] =8 COX-2 A& olglo= b
A7 oJslod ABAE prostaglandin 2% Z3E 4= Qlrkn vt
87 bb Qoh!” webx] COX-2 el tial 2822 Asfiety
= ZETkE Bsb] St v dAle] Ade asigich
tf 2] | & (macropharge cel)ll COX-2 45 FEAY F
arachidonic acid(AAYS AAego 24 #2l" PGE, 484 5
71%& enzyme immunosorbent assay(ELISA) WP o2 A2k}
= B4 2 (activity model)’? 27sIgith. o] e e %
3 &4 AH#ME(% inhibition)S AHES A= WA, 2-
aminopyridine 7]& amide group®. 2 ¢33} benzothiazine-3-
carboxamide Al192] 3RIEE(8a-8c)Y] E4FY Asl&v= Fig.
3004 vEbd ule} o] SRHE 8a= 14%, 3= 8be 78%
8] BEHE 8cit 91%E AW ZAAUE 484 Uk
oM% 8bs} 8c= BHESt MEH COX-2 Aarks Jehdth
2-Aminopicoline 717} =¥ benzothiazine-3-carboxamide =)
£(9-12)% 5484 Afavhs SRE 92 13%, 3E 102
19%, Sk 112 48% 18|13 SIHE 12 36%=X4 COX-2
Z7gAa Adede] ARk Aot gRiEe it shE
59 AelM EARE AR fARE 292 COX-2 &
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Comp. X R
9 Br  2-Amino-3-picoline i 1
1 Br  2-Amino-4-picoline

2-Amino-5-picoline

W Br  2-Amino-6-picoline

0 30 60 90

Fig. .!— % Inhibitory activity of N-picolinyl-1,2-benzothiazine-3-
carboxamide derivative (9-12) on COX-2 in LPS-stimulated
RAW 264.7 cell at 10 ug/ml.

% Inibition activity

0c
™
78 ]
50
25
o L1 all
7 8a 8b 8¢ 9 10 11 12

Fig. 3-9% Inhibitory activity of benzothiazine-3-carboxamide
derivatives on COX-2 in LPS-stimulated murine macropharge
cell with 10 uM arachidonic acid.
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