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Inhibitory Activity of 8-Aminowogonin Analogues Against Prostaglandin E, Production
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College of Pharmacy, Kangwon National University, Chunchon 200-701, Korea

Abstract — 8-Acyl and 8-sulfonylamidowogonin analogues were synthesized as potential anti-inflammatory agents. Nitra-
tion of 5,7-dihydroxyflavone (chrysin) followed by methylation of phenol groups and reduction of nitro group yielded 8-ami-
nowogonin analogues. Acylation and sufonylation of 8-aminowogonin followed by demethylation reactions gave the title
compunds. The synthesized wogonin analogues showed much reduced inhibitory activity on prostaglandin E, (PGE,) pro-

duction.
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Fig. 1 — Chemical structures of plant-originated flavones, wogonin
and chrysin.
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Ws71E0] FHF Y0 nXe TS 1E8Y) 98le] 81
EAVE Okt 5712 HgAz

29} Fs7lEe] FES Fgel vl A
oA 8ol gopdop| W 8 doln| -9y 33t
EE AFSIL B35 QAR] prostaglandin E0l thgh oiAe
& F43le] FAFTARA Mt 7S 2 st

uH wy

Alet g 717]

& Aol AMESE A9k Aldrich, Sigma, Fluka, Tokyo Kasei
3 LancasterolX] -7l$t E3A)oks AMESISI T, 52 9 49
& &= S ACREESE Tllst E540E Exe] A
de AR G JdlE AMElloH, Brgulls HPLC 55
o g SHE 7 F EES] AF 9 SHFAHE AH Po
A =578 B4 E kg 01g3igith. 'H-NMR 2 ¥C-NMR2
Varian Gemini 2000 instrument('H; 200 MHz, ¥C; 50 MHz)
£ ARgete] Ao YR EF E4 2 tetramethylsilane
(TMS)&- AME3IRICE, 418 Bl A=ZrkE12l)(TLC): Merck
AERA HE7F A 60F,5,5 AR3I%a, Unt A3 g=rkE 72}
= Merck AEQ! Kieselgel 60(70-200 Mesh)E, ZeA] A9

HO o O 70% HNOyAcoH  HO
et .
| 60°C

5%
OH O
chrysin 1

H
SnCly/MeOH "Schotten-Baumann”
e et i —

c-HCI
70%

40-58%

H4CO.

azvlE 7ebs= Merck AlE<! Kieselgel 60(230~400 Mesh)
= ARg3igih. 48542 Fischer A2} microscopic melting
point apparatuss AHE-3le] St on olof st HAL 3}
2] ATt BB S HlIE o] hREYRA AHEEE
NS-398[N-(2-cyclohexyloxy)-4-nitrophenylmethanesulfonamide]
£ Biomol(Philadelphia, USA)*|~], LPS+= Sigma Chemical
Co.olA Friatsd 12, DMEM(Dulbecco's modified Eagle's
medium)® FBS(fetal bovine serum)Z X35t 7|€} cell culture
A)eF=E Gibeo(California, USAYIA Fulidte] ARSIt

RAW 264.7 cells(American Type Culture Collection, TIB-
712 37°CAlA 5% CO, EA 3tollA 10% FBS 1%
antibioticsZ 7}t DMEMe|A sjoksle] LPS®E activation 31537
th =, cell® 96-well plates(2X 10° cells/well)el] wio¥a}r, zHt
2] 4% flavonesZ DMSO°l &35t LPS(1 pg/m)E 713k
T 24717F F2F viokEict. Cell viability= MTT assay= &1
sitetl, BE test SRHES AESAS YRR sk, wlA]
oA PGE, ¥%+F enzyme immunoassay(EIA) kit(Cayman
Chemical Co)E AHE3to] A|ZALY] Ao whe} S5
LPSZ *2]3+ RAW 264.7 cellsZ7E] ¥ € PGE,oll thald
et flavone FEASS] A 48 BrhedleH, 2 A
AL HAg 7 A Aol U AAE Aot

5,7-Dihydroxy-8-nitroflavone(1)2] £
Chrysin 5 g(20.00 mmole)2 glacial acetic acid®ll ¥ i1, ¥-&
EFES 60°CE 7[E3 ¥ 70% nitric acid 15mi(21.00

Me;SO,/K,CO;4 H,CO
e ———————

Acetone
85%

HO.

BBr3/CHCl3
r——
Reflux
OCH30 25.41% OH O
4a - 4h 5a - 5b
BBry/CHCI
46-58% 3 3
’ lReﬂ
R= a: COCH; b : COC(CH;);
¢ : COPh d : SO;Ph
e : SO,PhCH; f: SO,PhCl
g : SO,PhOCH;  h: SO,PhF
oH O
6¢ - 6h

Scheme 1 - Synthesis of 8-acylamido and 8-sulfonylamidowogonin analogues.
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mmole)Z 30%ol HAAA 3] 23} 3t o] 2504 24
T sqh wwksha, TLCR Wk 948 891 § Aoz s
Sk ol AP HAAEL oln)f F THFE AFsla, oHE
T methanol® AJAAFI0] S3HE 12 AQJTHEES: T5%).
'H NMR(200 MHz, CDCl,) & 6.49(1H, s, C3-H), 6.92(1H,
s, C6-H), 7.58~763(3H, m, C3'4'5-H), 8.08~8.12(2H, m,
C2'6-H), 12.02(1H, s, C7-OH), 14.10(1H, s, C5-OH).

5,7-Dimethoxy-8-nitroflavone(2)2| £}
53hE 1(4.4 g, 15.00 mmole)oll F=F o= 5 e LS

6.23 g(45.00 mmole)& Y31 wHHEFAA dimethyl sulfate 3.98
g(18.00 mmole)=: 7tate] Hlxg gt A sgE 28 A9
58 85%).

'H NMR(200 MHz, DMSO-dy) 3 4.10, 4.18(6H, s, s, -OCHy),
691(1H, s, C3-H), 7.01(1H, s, C6-H), 7.65~7.68(3H, m,
C34'5-H), 7.94~7.98@2H, m, C2'6-H).

8-Amino-5,7-dimethoxyflavone hydrochloride(3)2| £}

$}3ME 2(3.2 g, 10 mmole)oll methanolE 231 tin tetrachloride
pentahydrate 24.5 g(70.00 mmole)S 713t ¥, Wz1712 4=x)&}
3L S FRE 7MEERE it TLCE kg ¢3S 39l
% methanots: 55, AA3e] AA) HEE E3hE0] Y% ol
o] HE5 stgith o}7]e) REAAC R F3letapH 7~8)
dichloromethane ©. & F&38}o] ¥-2|3 {7159 F¥&
magnesium sulfate®. #A|AS T o]& o251 ofH-E 20°Co]l
A EFIIIch e 2AE B
methanole]] ThA] B33t F FUSH o X3AAkE 715}
e e, 45~55°CE 7}Ee ¥ methanole- #7156t} 2.0 g
149 F3HE 38 BAGGEE: 70%).

'H NMR(200 MHz, DMSO-d) & 3.96, 4.10(6H, s, s, -OCH,)
6.82(1H, s, C3-H), 6.87(1H, s, C6-H), 7.57~7.59@3H, m,
C3'4'5-H), 8.21~8.25(2H, m, C2'6-H).
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8-Acylamido-5,7-dimethoxyflavone F&|(4a~4h)2| g

3% 3(05g 1.50mmole)o] ¥ triethylamine 0.8 m/
(5.70 mmole)$} < dichloromethane &g 211 ice-bath’dol]
A wRkabe 233kdeh. o 7] ¢l acetyl chloride 0.27 mi(3.80
mmole) "=+ trimethylacetyl chloride 0.38 mi(3.06 mmole)=
3] dof skl o+ E3F Wyt 3 ice-bathS AjAsta Ao
A Bl 1 F3F vk - 2834 F 553 4SS methanol
2 QAAste E 4a9t 465 At

355 3(0.8 g)°ll 1N-potassium hydroxide §HS 7V3l1
dichloromethane® % %310 free amine HEJe) Z2E 048 ¢
= Y31t} o] free amine 0.48 g(1.60 mmole)ol] 7+ triethyl-
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amine 0.44 m/(3.20 mmole)?} < dichloromethane 255 4
1 jce-bath’deld) wnksk {3lisI3iTt. o3710l benzoyl chloride
0.37 mi(3.20 mmole)Z 3] A} sfar 4= 4k wRk &, F-2
AR FE 4cE U
5}3HE 3(0.55 g, 1.65 mmole)oll 5= pyridine 0.47 ml(5.78
mmole), F<dichloromethane 2#2 Y11 ice-bath’deoll A wHt
&ho] g3 skich. ©37]9l aryl sulfonyl chloride 1.3 F%(2.15
mmole)E A3 Za} dlar S Bzt whl, 342 & 8] A
&0 3T 4d~4hZ ATk
8-Acetamido-5,7-dimethylflavone(4a) - 'H NMR(200 MHz,
CDCly) & 2.32(3H, s, -COCHy), 3.98, 4.01(6H, s, s, -OCH,),
6.44(1H, s, C3-H), 6.65(1H, s, C6-H), 7.45~7.503H, m,
C3.4,5-H), 7.79~7.83@2H, m, C2/6-H). 55 42%.
5,7-Dimethoxy-8-trimethylacetamidoflavone(4b) — 'H
NMR(200 MHz, CDCl) & 142(H, s, -(CH,),), 3.97, 4.02
(6H, s, s, -OCH,), 645(1H, s, C3-H), 6.72(1H, s, C6-H),
6.94(1H, s, -NH-), 7.45~7.48@3H, m, C3'4,5-H), 7.81~7.86
(2H, m, C2'6'H). T=&: 40%.
8-Benzamido-5,7-dimethylflavone(4c) - 'H NMR(200 MHz,
CDCl, & DMSO-dy) & 4.02(6H, s, -OCHy), 6.65(2H, d, C3,6-
H), 7.31-7.45(3H, m, C3'4'5-H), 7.49~7.61(3H, m, C3"4",5"
H), 7.81¢2H, d, J=7.6Hz, C2,6-H), 7.992H, d, /=7.6 Hz,
C2"6"-H), 9.66(1H, s, -NH-). 555 46%.
8-Benzenesulfonamido-5,7-dimethylflavone(4d) — 'H
NMR200 MHz, CDCly) & 3.50, 3.98(6H, s, s, -OCH,),
6.09(1H, s, -NH-), 6.23(1H, s, C3-H), 6.66(1H, s, C6-H),
7.38~750(6H, m, C3,4,5,C3"4"5"-H), 7.74~7.782H, m,
C2'6-H), 7.91~7.952H, m, C2"6"-H). 755 40%.
5,7-Dimethoxy-8-(4"-methylbenzenesulfonamido)fla-
vone(4de) — 'H NMR(200 MHz, CDCly) & 2.32(3H, s, -CH,),
3.58, 3.99(6H, s, s, -OCHy), 6.05(1H, s, -NH-), 6.27(1H, s,
C3-H), 6.64(1H, s, C6-H), 7.13(2H, d, /=82 Hz, C3"5"-H),
747~7503H, m, C3'4'5-H), 7.62(2H, d, /=82 Hz, C2"6"-
H), 7.85~7.892H, m, C2'6-H). 5% 43%.
8-(4"-Chlorobenzenesulfonamido)-5,7-dimethoxyflavone
(4f) - '"H NMR(200 MHz, CDCl,) & 3.60, 400(6H, s, s, -OCH,),
6.09(1H, s, -NH-), 6.27(1H, s, C3-H), 6.66(1H, s, C6-H),
7.32(2H, d, J=8.6 Hz, C3"5"-H), 7.45~7.52(3H, m, C3'4,5-
H), 768CH, d, /=86 Hz, C2"6"“H), 7.86~7.912H, m, C2'6-
H). 758 58%.
8-(4"-Methoxybenzenesulfonamido)-5,7-dimethoxyfla-
vone(4g) —H NMR(200 MHz, CDCly) & 3.61, 3.77, 3.98(9H,
s, s, s, -OCHy), 6.14(1H, s, -NH-), 6.26(1H, s, C3-H),
6.64(1H, s, C6-H), 6.792H, d, /=8.8 Hz, C3"5"-H), 7.47~
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7503H, m, C34'5-H), 7.66(2H, d, /=8.8 Hz,
7.87~7.90CH, m, C2\6-H). T5E: 52%.

8-(4"-Fluorobenzenesulfonamido)-5,7-dimethoxyflavone
(4h) -'H NMR(200 MHz, CDCl;) & 359, 398(6H, s, s,
-OCH,), 6.19(1H, s, -NH-), 6.25(1H, s, C3-H), 6.65(1H, s,
C6-H), 7.032H, m, C3"5"H), 7.49~7.51(3H, m, C3'4'5-H),
7.772H, m, C2"6"-H), 7.88~7.932H, m, C2,6-H).
61%.
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8-Acy1am1do-5 7-dihydroxyflavone R=#|(5a~5b)2] &4
HE 4a~4b 1 Z%2) anhydrous chloroforms 2L &,

boron tribromide(solution of 1M/dichloromethane) 6 J&& 3
7¥skaL WZ7) A stellA sk g Bt 71dekE skt
L R e R A %‘%‘ME% FEAE 0] 8314
IESAIZMS: 28 & g8 5 5 vl Ve AgnkE el
THele] e 5a~5bF At

8-Acetamido-5,7-dihydroxyflavone(5a) — TH NMR(200 MHz,
DMSO-dg) & 2.13(3H, s, -COCHy), 6.34(1H, s, C3-H), 7.01
(14, s, C6-H), 7.59~7.62(3H, m, C3'4'5-H), 7.98~8.02 (2H,
m, C2'6-H), 9.28(1H, s, -NH-), 10.98(1H, br, C7-OH), 12.77
(1H, s, C5-OH). 58 35%.

5,7-Dihydroxy-8-trimethylacetamidoflavone(5b) —
NMR(200 MHz, DMSO-dg) & 1.29(9H, s, -(CHy)y), 6.36(1H,
s, C3-H), 7.00(1H, s, C6-H), 7.55~7.59(3H, m, C3'4'5-H),
8.002H, d, /=6.8 Hz, C2'6-H), 8.80(1H, s, -NH-), 12.79(1H,
s, C5-OH). 5% 41%.

) 7
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8-Acylamido-5-hydroxy-7-methoxyflavone F=A|(6¢c~6h)
o &

5} 3HE 4c~4h 1 8ol anhydrous chloroforme W& 3,
boron tribromide(solution of 1M/dichloromethane) 6 &2 &
s) 7hetal Wzpy) A= stellA sk wk Bk Hde i
FA YL ARl g FUsk o s A9S Wgs)
o] 3135 6c~6hZ AU

8-Benzamido-5-hydroxy-7-methoxyflavone(6¢c) — 'H
NMR(200 MHz, DMSO-dg) 8 3.94(3H, s, -OCH,), 6.72(1H, s,
C3-H), 7.08(1H, s, C6-H), 7.43~7.49(3H, m, C34'5-H),
7.52~7.62@3H, m, C3"4"5"-H), 7.942H, d, /=7.6Hz, C2'6-
H), 8.06@2H, d, /=74Hz, C2"6"-H), 9.85(1H, s, -NH-),
12.97(1H, s, C5-OH). 5% 52%.

8-Benzenesulfonamido-5-hydroxy-7-methoxyflavone
(6d) -'H NMR(200 MHz, DMSO-dy) & 6.51(1H, s, C3-H),
7.03(1H, s, C6-H), 7.44~7.61(6H, m, C3'4'5,C3"4"5"H),
767~7.702H, m, C2.6-H), 8.07~8.102H, m, C2"6"H),

9.48(1H, s, -NH-), 13.12(1H, s, C5-OH). 558 61%.
5-Hydroxy-7-methoxy-8-(4"-methylbenzenesulfon-
amido)flavone(6e) - 'H NMR(200 MHz, DMSO-dg) & 2.23
@3H, s, -CH,), 3.54@3H, s, -OCHy), 6.52(1H, s, C3-H), 7.00
(1H, s, C6-H), 7.17(2H, d, C3",5"-H), 7.51~7.64(5H, m, C2-
phenyl ring H), 8.02(2H, d, C2"6"H), 13.04(1H, s, C5-OH).
F5E: 48%.
8-(4"-Chlorobenzenesulfonamido)-5-hydroxy-7-meth-
oxyflavone(6f) - 'H NMR(200 MHz, DMSO-d;) & 3.55(3H,
s, -OCH,), 6.52(1H, s, C3-H), 7.00(1H, s, C6-H), 7.44(2H, d,
J=84Hz, C3"5"H), 7.52-7613H, m, C3'4'5-H), 7.66 (2H,
d, /=84 Hz, C2"6"-H), 8.04(2H, d, /=72 Hz, C2'6-H), 13.06
(1H, br, C5-OH). 5% 53%.
5-Hydroxy-7-methoxy-8-(4"-methoxybenzenesulfon-
amido)flavone(6g) - "HNMR(200 MHz, DMSO-dy) & 3.53,
3.71(6H, s, s, -OCHy), 6.51(1H, s, C3-H), 6.752H, d, /=8.6
Hz, C3"5"-H), 7.03(1H, s, C6-H), 7492H, d, /=8.6Hz,
C2"6"H), 7.56~7.64(3H, m, C3'4,5-H), 8.092H, d, J=8.2

Table I — 8-Alkyl(AryDamidoflavone % 4 5 2] PGE, 84 o thst

st
Compound Substituents % Inhibition ogs
No. R, R, R, PGE, Production®*
3 H.HCI OCH, OCH, 5
4a  COCH, OCH, OCH, 1
4b COC(CHy); OCH; OCH;4 0
4c  COPh OCH, OCH, 0
4d  SO,Ph OCH, OCH, 9
d4e  SO,PhCH, OCH, OCH, 0
4  SO,PHCI  OCH, OCH, 0
4g  SO,PhOCH, OCH, OCH, 0
4h  SOPHF  OCH, OCH, 0
5a  COCH, OH OH 28
5b  COCCH), OH OH 6
6c  COPh OCH, OH 4
6d  SO,Ph OCH, OH 31
6e SO,PhCH,  OCH; OH 16
6f  SO,PhCI  OCH, OH 18
6g SO,PhOCH; OCH; OH 20
6h  SO,PAF  OCH, OH 12

1. All compounds were treated at 10 uM.

2. % inhibition=100 X [1-(PGE, of LPS with the flavones treated
group-PGE, of the basal)/(PGﬁ of LPS treated group-PGE, of
the basal).

3. Arithmetic mean+=SD(N=2).

4. NS-398, N-(2-cyclohexyloxy)-4-nitrophenylmethanesulfonamide,
was used as the reference compound.

J. Pharm. Soc. Korea
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Hz, C26-H), 9.22(1H, brs, -NH-), 13.10(1H, brs, C5-OH).
F5E: 46%.

8-(4"-Fluorobenzenesulfonamido)-5-hydroxy-7-meth-
oxyflavone(6h) - '"H NMR(200 MHz, DMSO-dy) & 3.55(3H,
s, -OCHy), 6.53(1H, s, C3-H), 7.03(1H, s, C6-H), 7.24(2H,
m, C3"5"-H), 7602H, m, C2"6"H), 7.69-7.76(3H, m,
C3'4'5-H), 8.06@H, d, J=6.4 Hz, C2/6-H), 9.58(1H, br, -NH-),
13.10(1H, s, C5-OH). 5% 51%.

dEan % 1F

A ring®] 8-methoxy group= 8-acylamido %! 8-sulfonyl-
amidowogonin =48] #AIE flsfo] Al Z2AF &uif SF
AN 70% FAEE 7lsle]l UER S we-8 S3¥sk] 8UER 3}
FEE 5% TEE A3 o] F5E Fg ofE, F
ERAMEE, dimethyl sulfateE 713H 718 8551) 59 7 91X
o] A717E vids | S 25 85%2 8= Bk 3
E 25 39381932 8-aminofalvone SEAE ATt o] M
20l methanol, tin tetrachloride pentahydrate® 7}3l3 7153
F51] free amine )2 32) free amine 3}TES AYA L,
o] free amine> EQPY3IG o R A o7 X2l5le] QHY
o FEiQ) dow W HEE 38 70%] FEE At 3
E 3% 3UEAR 51 wogonin® 8=15417] 21x]el) acylamido
gelo] 2|28 =3 8-acylamidoflavone 5415 TAIEH|
Sfete] vkt WheEiS AT WA, alkali 894 A 5
oA acid chioride2}2} Schotten-Baumann ¥+-3-8 ©]-83l0] 8-
amino group= 8-acylamido group® ® A7)+ HE-S 23y
Bt =, 33-E 3¢l sodium hydrogen carbonate -£-<§o]i}
sodium hydroxide &% Y3 acid chloride i sulfonyl
chlorided} ¥H3-511% 31318 4a~4hZ AYAE o] T3
Azxstal, Ay A=viEeleE o435 A S s
g QM= ofFgo] ISt F HA ¥H8-2 triethylamine®}t
dichloromethane =4 s}ol| A 31EHE 3¢l acid chloride B+
sulfonyl chloride} ¥F3-3F 3= AP 02 AAg H42 44
52 dgict of Whell A alkyl acid chloride®}2} WHe-& =5
294 FEE 4a8t S IS F AUAUCL, aryl acid chloride
9k} HEE-L- E0] WAl NNo|FA 8|9} £3E0] dojA=
2, 318% 3& WA potassium hydroxide 43} wh$510] free

=
[e3]

i

2

amine FEE HEASH T TEAZ AME3lo] N-AA]8 35t
Q1 4cE ATt AR FAsE F004 sulfonyl chloride}2]
Hhg-oA e ABAJEL 8-amino groupl ©1FXEA7F EUE
SRHEC|]lT. o) NN-0JFX$AE N X 32 Hgtshy|
9J8}o] sodium ethoxide® HFg-8}% 032 S=80] 3] H=za}
of thE WHAIZ] WS Zigo] o %l7] wiiEel| sulfonyl chloride
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¢l 4d~4hE F PHEZ & 7 Utk 3= 4a~4h8] 5,
7 9209 = HEV|E @RS A7)7] 2l8te] sekE 4a~4h
o} chloroform¥ boron tribromide® Y1l 7}835F310 5a~5b
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