2-phenyl-4-quinolone-3-carboxylic acid

TNF-a
PQ (2-phenyl-4-qundlone)

2-Phenyl-4-quinolone

1986 Cheng (tricyclicchemicd
structural pattern) antineoplastic activity naphthaene
2 phenyl ring (Fig.1, A) (heterocydlic
units) ! triin  kaempferol
(flavonoids) (Fig. 1, B) antimutagenic® antileu 3.4 1995
(microtubul es) 3,5-dihydroxy-
4',3,6,7,8-pentamethoxy flavone colchicine

(inhibition of colchicine binding; 1CB)

Fig. 1 Tricyclic chemical gructural pattern



flavonoid azaflavone (Fig. 1,

C) PQ analogus (2-phenyl-4-quinolone
) E. Hamel
(cytotoxicity) (inhibition of tubulin
polymerization; I TP) NCI  patterns of differentia cytotoxicity
toward human tumor cell lines colchicine
ITP ICB

(antimitotic agents)
PQ [PQ (2-phenyl-4-quinolones),

DHPQ (2,3-dihydro-2-phenyl-4-quinolones), PN (2-phenyl-1,8-naphthyridin-
4-ones)]”® (Fig. 2)

5

|
) ]

Fig. 2 2-Phenyl-4-quinolone analogus

(A) 2-Phenyl-4-quinolone (PQ, DHPQ)

2-phenyl-4-quindlone

PQ A
C biaryl A C B



A 6 C

3

( -OCH; -OCH,O- NRR -Cl -F

) 10-11A
PQ
2,3-dihydro-2-phenyl-4-quinolone (DHPQ)> *°
[ (HCT-8)

(MCF-7) (A-549) (KB) (PC-3)
(1A9) (HOS) (U87-MG) P-gp-
(KB-VIN) (SK-MEL-2) ] cytotoxicity

3 PQ

chiral center enantiomers
opticaly pure (-) isomers  racemate  (+) isomers
antitubulin cytotoxicity

(B) 2-Phenyl-1,8-naphthyridin-4-one (PN)***

PN cytotoxicity
3 -OCH;
PN
PQ DHPQ



Fig.3 (mast cells) (anaphylaxis)

(inflammtory mediators)
(A) Vasoactive mediators ( histamine kininogenase PAF) spasmogens (
higamine PGD, LTC, LTD,)

14-15

(B) (chemoattractants)

(eocsinophil chemotactic factor of
anaphylaxis, ECF-A) (neutrophil chemotactic
factor; NCF) (neutrophils)

(superoxide anion;
0,) (hydroxy radical; OH) (hydrogen peroxide; H,O.)
oxygen pecies™
(aging)"’ (ischemia-reperfusion)
(rheumatoid arthritis)'® *° (inflammatory bowel disease)
lysosomd enzymes
20 (pulmonary emphysema)
(arteriosclerosis) (glomerulonephritis)™ >

cAMP PKC APC G



protein PGE;

(prostaglandin E;) histamine adenosine [3-adrenoceptor
G protein CAMP
(respiratory brust)**

26

2-phenyl-4-quinolone-3-carboxylic acid
compound 48/80 (a polymer of
N-(p-methoxyphenylethyl)methylamine with formaldehyde)
3-glucuronidase  histamine

fMLP (N-formylmethionyl-leucyl-phenylaanine)

3-glucuronidase  lysozyme fMLP
PMA (phorbol 12-myrigtate 13-acetate)
fMLP  PMA

protein kinase C (PKC)
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(tumor necrosis factor; TNF)

1975
Carswdll TNE
TNF
TNF
(A)
TNF
IL-I IL-6 IL-8
T NK B
(B)
TNF
(1) TNF 2
? ?
(20 TNF

TNF (TNFR; & TNFR,) 2
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28 TNFR, TNF-a

NF-?B
TNFR, (
) TNF-a  TNF-R
TNF-a Crohn's

Disease (rheumatoid arthritis) TNF-a
(cartilage cdlls) Crohn's Disease
PDE;”®  cAMP AMP CAMP

PKA NF-?B TNF-a

TNF-a (multiple sclerosis)®

(Alzheimer's disease)™

2-phenyl-4-quinolune-3-carboxylic acids TNF-a
TNF-a



(microglial cells) (macrophage)

32,33
(multiple sclerosis) (Alzheimer's disease) (Parkinson's
disease) (AIDS dementia)
(induciblenitric
oxidase synthetase; INOS) L- (L-arginine)
(citrulline)
N- -D- (N-methyl-D-aspartic acid)

(lipopolysaccharide; LPS)

(nitric oxide; NO) HH

(nitrogen oxides)
36

(oligodendrocyte) 5

(nitrogen intermediators) TNF-a
38

TNF-a



PQ
ITP (inhibition of tubulin polymerization)  cytotoxicity
invitro  invivo

(novel antimitotic agents)

2-phenyl-4-quinolone

2-phenyl-4-quinolone-carboxylic acids

3 2-phenyl-4-quinolone-

3-carboxylic acid 3 6

F Cl OCH;

2
6 F Cl OCH; 2-phenyl
6 F ClI OCH; 6 7 methylenedioxy

6 7 3-fluoro-6-methoxy-2-
phenyl-4-quinolone-3-carboxylic acid 4
F 6 OCH, 2 3 4

(fluoro)

10



1946 R C.Hdefidd

2-phenyl-4-quinolone-3-carboxylic acid
Schemel
13 26 29 33 47
R1
R
! c R.T.
+ e
Toluene R, N
R, NH, R3 Ry H
1-5 6-10 11-24 R3 Ra
COOEt
-
Ry NaCH\ 25
PClg I COOEt -
115 = Toluene
R, N
R3 R4
Ry EtOO COOEt Ry EtOO H
+
Rs Ry Rq Ry
26, 27 28-30

l 150-170

1



Ry COOCHCH3

R2

Rs Ry

31-42

l 10% NaOH / CH3;COOH

R; COOH

Iz

45-56

"R =Cl,R,=H
R =F,R,=H
.R; =0OCH3, R, =H
"Ry =H,R;=H
. Ry, R, = -OCH,0-
Rs=F,R;=H
.Rs=Cl,Ry=H
.Rs=0OCHg, R, =H
"Rs=H,Ry=F
10. Ry =H, R, = H

© 00 N o o b~ W N P

l 150-170

0
)
Iz

11,26,31,45. R =Cl,R, =H,Rs=F Ry =H
12,32,46.R; =Cl,R,=H,R3=Cl, Ry =H
13,33,47.R; =Cl,R,=H,R3 =0OCH3,R; =H
14,34,48.R; =Cl,R;=H,R3=H,Rs =H
15,27,35,43,49. Ry =F R, =H,Rs=F Ry =H
16, 28, 36,50. Ry =F, R, =H,R3=Cl, Ry =H
17,37,51. R =F R, =H,R3 =0OCH3, Ry = H
18,38,52. Ri=F R, =H,R3=H,Rs=H

19, 29, 39, 53. R =OCH3, R, =H,Rs =F, Ry =H
20,40, 44,54. Ry =0CH3, R, =H,R3; =Cl, Ry =H
21. Ry =0OCHgz, Ry =H, R3 =0OCH3, Ry =H
22,41,55.R; =0CH3, R, =H,R3=H,R4 =F
23,30,Ri=H,R;=H,R; =Cl,R; =H

24,42, 56. Ry, R, =-OCH,0-,R; =H, Ry =H

Scheme 1

12



() 2,4-Substituted-N-(3,4-substituted phenyl)benzamides (11-24)

)
R
' a R.T.
+ —_—
Toluene Ry N
Ry NH, Rs Ry :
1-5 6-10 11-24 R

1. R =C,R,=H 11.R=Cl,R; =H,R3=F, Ry =H
2.RR=FR,=H 12. Ry =Cl,R; =H,R3 =Cl,R4 =H
3.R1:OCH3,R2:H 13.R1:C|,R2:H,R3:OCH3,R4:H
4R =H,R,=H 14 Ry =Cl,R; =H,R3=H, R4 =H
5. Ry, R, =-OCH,0O- 15 R =FR,=H,R3=F Ry =H
6.Rs=FRy;=H 16. Ri=F, R, =H,R3=Cl, R4 =H
7.Rs=Cl,Ry=H 17.Ri =F,R,=H,R3=0CHs, R4 =H
8. R3=0CH3, R4 =H 18. Ri=F,R,=H,R3=H,R4=H
9.R3=H,R4=F 19.R; =0OCH3, R, =H,R3=F, R4 =H
10. Rs=H,R4=H 20. R, =0CH3, R, =H,R3=Cl, R4 =H

21. Rl :OCHg, Rz = H, R3 :OCHg, R4 =H

22. Ry =0CH3, R, =H,R3 =H,R; =F

23, R]_:H,RZZH,R:g:CI,R4:H

24. R, R, =-OCH,0-,R3 =H,R; =H

Scheme 2
13 ( Scheme2 )
4-chloroaniline (1) 2-methoxybenzoyl
chloride (8)
amide linkage N-(4-chlorophenyl)-2-methoxybenzamide
(13)

13



13

13 56.1-58.7
(EIMS)( 13-1) (m'z261)
C14H12C|N02
IR ( 13-2) 3344 cmi*

1651 cmt C=0

uv 270.0 nm

'H-NMR (DM SO-dg, 200 MHz) ( 13-3)
12 d389(3H,9
2-OCHj d 10.27 (1H, 9 NH
8
2-methoxybenzamide 2-OCHs H-3
H-5 -
(DMSO-dg, 200 MHZ) ( 13-4) d7.06 (1H, dd, J= 7.5, 7.5 Hz)
H-5 d7.14 (1H,d, J=8.4Hz) H-3 d7.49 (1H, dd, J=
8.4, 75 Hz) H-4 d7.67 (1H,d, J=75Hz) H-6
d7.39(2H,d,J=87Hz) d7.83(2H,d,J=8.7H2)

“C-NMR (DM SO-dg, 50 MHZ) (  13-5)
12 14
(C-2,C-6 C-3,C-5)
d 55.84 2-OCH, d 164.66 C=0

14



HMQC (DM SO-dg, 200 MH2) ( 13-6)
d11192 d12049 d129.73 d132.15
C3 C5 C6 C-4 C-2,C6 C3,C5
HMBC

HMBC (DM SO-dg, 200 MHZz) ( 13-7 13-8)

d121.26 NH  3Jo coupling correlation C-2,C6
d 128.59 C-3,C-5 HMQC d7.39(2H,d,J=
87Hz) d7.83(2H,d, J=8.7Hz2) H-3,H-5 H-2,H-6
4 d12473 H-3 H-5 33 coupling
correlation C-1 d15650 d3.89(3H,s,OCH;) H-4
H-6  3Jon coupling correlation C-2 C-1 C4 HMBC
d13806 H3,H5
H-2', H-6 H-3, H-5 d 138.06
C-1 d127.14 C4



Table1l. NMR spectral data for compound 13

Position o H o0 C HMBC
1 |- 124.73
2 |- 156.50
3 |7.14(d,84H2) 111.92 [C-1(3J), C-5(J)
4 |749(dd,84,75Hz) | 13215 |C-2(3)),C-6(3))
5 |7.06(dd, 7.5, 75Hz) | 12049 |C-1(3J),C-3(3))
6 |7.67(d, 75H2) 129.73 [C-2 (%), C-4(CJ), c=0 (}))
1 |- 138.06
2,6 |7.83(d,8.7Hz) 121.26 |C-1'(3J), C-6', 2 (%), C-3, 5' (3J), C-4' (3J)
3,5 (7.39(d, 8.7 Hz) 12859 |C-1'(3J), C-2, 6' (3J), C-5, 3 (3J), C-4' (3J)
4 |- 127.14
2-OCHs |3.89 (9) 55.84 |C-2(%)
NH [10.27 (9 -- c-2,6' (3J), C=0 (4)
C=0 |-- 164.66

methoxybenzamide

16

13  N-(4-chlorophenyl)-2-



