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3',6- Substituted 2-phenyl-4-quinolone-3-carboxylic acid



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

2-phenyl-4-quinolone

2-Phenyl-4-quinolone

2-phenyl-4-quinolone

2-phenyl-4-quinolone (Rutaceae)
1891  Beckurts graveoline' (Fig. 1)
1943  Steldt Lunasia quercifolia lunamarine 2
1959  Sidney Goodwin Lunasia amara

(Fig. 1)

2-phenyl-4-quinolone
Table 1*

Graveoline Lunamarine

Fig. 1. Graveoline  lunamarine



Table 1. 2-phenyl-4-quinolone
6
7
Alkaloid Name Origin of Plants Positions of Substituents
3 5 6 7 8 3 4 5
Methyl-2-phenyl-4- Balfourodendron riedelianunt'® H H H H H H
quinolone Haplophyllumfoli osunt®
Flinderssia fournieri (bark) *°
Casimiroa edulis (leaves & twigs)
Edulein Casimiroa edulis (bark) *® H H H  OCH; H H H H
Casimiroa edulis (leaves & twigs)
Lunasia quercifolia (bark) **
Edulin Casimiroa edulis' H H OCH; H H H H H
Skimmia japonica (thumb) "
Japonine Orixa japonica (leaves)* OCH; H OCH; H H H H H
Orixa japonica (thumb) 5
5-Hydroxy - 1- Lunasia quercifolia® H OH H H H H H H
methyl-2-phenyl-4- Casimiroa edulis
quinolone Skimmia japonica’
Graveoline Ruta graveol end' H H H H H O-CH,-O H
Ruta chalepensis® ’
Ruta angustifolia®
3-Hydroxy - Ruta graveol eng'™ OH H H H H O-CH,-O H
graveoline
Lunamarine Lunasia amara (leaves)® H H H OCH3 H O-CH,-O H
Lunasia Base 1 Lunasia amara >° H H OCHs H H O-CH,-O H
Reevesianine-A Skimmia reevesiana (stem bark) 4" H H H H H H OH H
Reevesianine-B Skimmia reevesiana (stem bark) " H H OCH; H H H H H
Folimidine Haplophyllum foliosum® H H H H H OCH; OH H
2-(4'-Hydroxy-6-  Skimmia reevesiana™ H H OCH; H H H OH H
methoxyphenyl)-1-
methyl-4-quinolone
2-(3'-Methoxy -4',5'- Esenbeckia almawillia' H H H H H OCH; O-CH,-O
methylenedioxyphe
nyl)-1-methyl-4-
quinolone
8Methoxy -2-(3-  Esenbeckia almawillia'° H H H H OCH; OCH; O-CHyO

methoxy -4',5'-meth
ylenedioxyphenyl)-
1-methyl-4-quinolo
ne

2-phenyl-4-quinolone



2-phenyl-4-guinolone
(feeding inhibitory) 1*

Orixa japonica thumb japonine 3,6-dimethoxy-1-methyl-
2-phenyl-4-quinolone larvae Spodoptera litura (polyphagoeus pest insect)
feeding inhibitory  japonine threshold 300 ppm

Japonine
(cancer chemopreventive activity) (antimutagenic
activity) °
Casimiroa edulis 5-hydroxy-1-methy-2-phenyl-4-quinolone S

typhimurium strain TM677 7, 12-dimethylbenz[a]anthracene (DMBA)

Aroclor 1254 ethoxyresorufin O-deethylase
(EROD) ICs0 105pug/mL  16.3 ug/mL
mouse mammary organ culture (MMOC) DMBA
(preneoplastic lesions) 10 pg/mL 36%
> 60 %

2-phenyl-4-quinolone

2-phenyl-4-quinolone (inhibition of tubulin
polymerization ; ITP)
2-phenyl-4-quinolone (PQ, DHPQ, PN)



2-phenyl-4-quinolones (PQ) 2,3-dihydro-2-phenyl-4-quinolones (DHPQ) 2-phenyl-1,8-naphthyridine-4-ones (PN)

Fig. 2. 2-Phenyl-4-quinolones (PQ) 2,3-dihydro-2-phenyl-4-quinolones (DHPQ)  2-phenyl-
1,8-naphthyridin-4-ones (PN)

(A) 2-Phenyl-4-quinolone (PQ, DHPQ) # %
2-phenyl-4-quinolones (Fig. 2)
(cytotoxicity)
PQ A
C biaryl A C B
A 6 C 3
-OCH; -OCH)O- -NRR -CI -F
10-11A
PQ
2,3-dihydro-2-phenyl-4-quinolones (DHPQ) 167
[ (HCT-8) (MCF-7)
(A-549) (KB) (PC-3) (1A9) (HOS)
(U-87-MG) P-gp- (KB-VIN)
(SK-MEL-2) ] cytotoxicity 6 3
PQ chiral center
enantiomers optically pure (-) isomers  racemate

(+) isomers antitubulin cytotoxicity

(B) 2-Phenyl-1,8-naphthyridin-4-ones (PN)
18-20



PN cytotoxicity

3 -OCH;3; 6
PN PQ
DHPQ
(serotonin) 21
serotonin (endothelial monolayer paracellular)
2-phenyl-4-quinolone actin myosin
microfilaments serotonin serotonin
(vasoactive agents) 2-phenyl-4-quinolone
(respiratory burst) %2
2-Phenyl-4-quinolone respiratory burst
fMLP (N-formylmethionyl-leucyl-phenylaanine) PMA (phorbol 12-myristate 13-
acetate) phosphodiesterase (PDE PDE4) cyclicAMP
adenylate cyclase (AC) 2-phenyl-4-quinolone
protein kinase A (PKA) fMLP respiratory burst
AC PDE
ATP —» CcAMP —® AMP
2324
Table 2 3 2-phenyl-4-quinolone

2-phenyl-4-quinolone (PQ1) arachidonic acid (100 pM)
aspirin - 2.1 CoHs aspirin -~ 133

indomethacin 1.7

Table 2. The inhibitory effect of monosubstituted 2- phenyl-4-quinolone derivatives on platel et
aggregation induced by arachidonic acid.
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9.63
392.16
41.43
15.82
0.98
0.15
9.07
20.20
5.84
23.77
3.60
1.08
27.58
23.35
169.18
39.50
36.56
68.19
12.39
34.68
20.08
7.90
12.39
4.89
8.08
17.95
20.00
0.25

Platelets were incubated with a test sample or 0.5 % DMSO at 37
aggregation. Aspirin isapositive control.

for 1 min, then arachidonic acid (100 pM) was added to trigger the

Table 3. The inhibitory effect of disubstituted 2-phenyl-4-quinolone derivatives on platelet
aggregation induced by arachidonic acid.

compound R Rs Re Rs Re R> Ra Ry 1Cs0 (UM)

PQ27 Br H H Cl H H H H 0.26
PQ28 Br H H H H CH; H H 137.08
PQ29 H F F H H H H H 15.00
PQ30 H F H F H H H H 389.11
PQ31 H F H H F H H H 130.96
PQ32 H F H H CHs H H H 58.90
PQ33 H Cl H Cl H H H H 3.55
PQ34 H Cl H H Cl H H H 30.02
PQ35 H Cl H H CHs H H H 6.98
PQ36 H CHs H CH; H H H H 1.03
PQ37 H CHs H H F H H H 16.11



PQ38 H CHs H H Cl H H H 13.65
PQ39 H CHs H H CHs; H H H 9.03
PQ40 H CHs H H OCHs; H H H 7.86
PQ41 H OCHz; H OCHs; H H H H 38.77
PQ42 H OCHz; H H OCH; H H H 138.97
PQ43 H OH H H OH H H H 395.26
PQ44 H H F F H H H H 389.11
PQ45 H H H Cl Cl H H H 24.41
PQ46 H H -OCH,O- H H H H 7.40
Aspirin 20.00

Platelets were incubated with a test sample or 0.5 % DMSO at 37

aggregation. Aspirinisapositive control.

for 1 min, then arachidonic acid (100 pM) was added to trigger the



2-Phenyl-4-quinolone (molecular modeling)
X-ray
electron crystallography taxol

25-37

PQ

3D QSAR (three-dimensional quantitative structure-activity

relationships) 38
Comparative Molecular Field Analysis (CoOMFA)
3D QSAR new lead compound CoMFA
CoMFA (pharmacophore
mapping) (bioactive conformation)
(electrostatic field) (steric field)
electrostatic  steric field PLS (partial least square)*®
PLS (cross-validation)
model leave-n-out
(lattice point) 3D
(new lead compound)
2000 CoMFA  CoMFA/q?-GRS
104 (colchicines-binding site) 3D QSARY PQ
PQ C PQ C
Catalyst®
Catalyst (pharmacophore) 3D QSAR
2D (optimization)
3D (conformation) (features)



(hydrogen-bond donor) (hydrogen-bond acceptor)
(ionizable group) (hydrophaobic group)
3D Hypothesis

(Hypothesis)

10



2-Phenyl-4-quinolone-3-carboxylic acid ethyl esters
2-phenyl-4-quinolones 3 (-COOH)
2-phenyl-4-quinolone-3-carboxylic acid ethyl esters

3-substituted 2- phenyl-4-quinolone- 3-carboxylic acid ethyl esters

1946  Robert C. Elderfield benzo-p-anisidide PCls
iminochlorides sodium diethyl malonate 3 COOEt
2-phenyl-4-quinolones (Scheme 1) ©
Oliver Kappe 411992  2,3-dihydropyrrole-2,3-diones  diphenyl ether
240 CcC O imidoyl ketenes
2-phenyl-4-quinolones 3 COOEt

(Scheme 2, Table 3)

1997  El-Nabi H. A. 42 Oliver
2,3-dihydropyrrole-2,3-diones 6 CHs 3 COOEt

2-phenyl-4-quinolones

2001 Jae-Chul Jung 43 3 4-difluorobenzoic acid
ethyl acetoacetate keto ester palladium-on-charcoal (Pd/C)
N-hydroxy-2-substituted quinolones OH
THF 3" COOCH

2-phenyl-4-quinolone (Scheme 3, 4)

11



Rl = OCHS, R2= H
R, =H,R,=Cl
Rl = H, RZ:OCHB

Scheme 1

Ph-O-Ph

N _0 <
-CO N

R = H, Mg, Et, Br, CN, COOEt

Scheme 2

Table 3. The reaction time and yields of 3-substituted 2-phenyl-4-quinolones

R Reaction time/h Yied (%)

12




H 3 94
Me 8 90
Et 8 92
Br 5 72
CN 0.5 83
COOEt 0.25 91
Ry COCH Ry COOH
; i, iii_
Ry Rg NO, /ﬁ\/ﬁ\
Ri=Rg=H R, OEt
Rl = R3 =F
H
Rl
iy X OFEt
—»
H Rs T ©
R N OEt "
R, =Ry=H
COR, Ri=Rg=F
Ry NO,
R R R Ry
H OEt H v OEt
F OEt F |
H Me H N
F Me F Rs | R
F Ph F OH
R R R
H Me H
F Me F
F Ph F

i) HNO3IH2$D4; ii) SOCI o urealtoluene; iii) Mg, EtOH/toluene; iv) NaBH, Pd/C, NaOH (aq),
1,4-dioxane; v) H, Pd/C, EtOH, 1bar

Scheme 3

13




E
| OEt i
—_— >
F T R,

OH
R, = Me, Ph

_N
Ry R, = Meg,
R, = Me,
R, = B,
R, = P,

i ) 2S0a

Et20H/ Hi i)

o
H

R, = Me, Ph
i
OH i ;;/;Eﬁ;Eﬁ\OH
-
R, T R,
H
HR R = Me, Ph
M®&
H R
MeR

2N NaOH or N-i nOeHt/ hTyHFp;i p eiriaiz)i

Scheme 4

14
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13
tubulin a B
15nm 10 nm lpym pm
55000 110000
microtubulie-associated ptoteins MAPL MAP2
GTP(guanosine triphosphete)
E E-ste N GTP
GTP Nornrexchangeable E
GTP GTP

46,47

15

protofilaments

Tau

GTP
GDP*®

25 nmtm

N-dte

(Fig. 3)



(colcemid) (podophyllotoxin)

nocodazole
(vinblastine) (maytansine)
taxol; paclitaxel

5,6-diphenylpyridazin3-one
Fig. 4. - GTP
E Ghb  tavnl B colchicine
+end
16

-end

(colchicine)

steganacin
(vincrigtine)
N GTP
B a

GTP

TAXOL (binding site on b)

GDP

Colchicine (binding site on b)



(Fig. 4)

B a (fig. 5) Taylor
3~5%
CD,
colchicine tubulin dimer
Wilson 1978
CD
(Fig. 5)
podophyllotoxin
2.
P388
MI 1~2% P388 MI 60%

3. (taxol) taxol diterpene

17



“ Taxol

taxol
taxol
Taxol
taxol DeBrabander 1981
Horwitz 0.3 umol/L
1 nocodezole 1
0.3 pmol/L taxol Breune
taxol
4, 5,6-diphenyl-pyridazin-3-one  DPP DPP
L1210 P388 Hamel
50 1990 DPP

51

Gl G/ M

18

taxol

Ja77.2



(cdl cycle)
(stemcell) (eukaryotic cell)

DNA (Fig. 7)
Interphase (GO, G1, Sphase, G2) M phase®?

Gap 0 (GO)
neuron
Gap 1 (G1) RNA
DNA
Synthesis (S) phase DNA
DNA 5-Fu methotrexate
Gap2(G2) DNA
Mitosis (M) phase
M phase
Interphase 1-2
M phase
Fig7 Tabled 53 cyclin  cyclin-dependent
kinase (CDKY) cyclin  CDKs CDK
CDKI (cyclin-dependent kinase inhibitor)
CDKI INK4 (Inhibition kinase p16™™, p15'™ p18'™ etal)  CIP(p12,p27, et al)
INK4 family P16 P15 P18 P19 CDK4s CDKg CIP family
P21 P27 CDK, CDK4s CDKg G1 phase CDK 46/ cyclin
D123 Rb (retinoblastoma protein) ExF (E, factor
) EoF S phase

2-phenyl-4-guinolone-3-carboxylic acid

G2/M phase

19



Table4. cyclin  cyclin-dependent kinase (CDKYs)
cyclin cyclin-dependent kinase |processregulated
CyclinD Cdk4,6 G1-phase progression
CyclinE Cdk2 Gl to S-phase

CyclinA Cdk2 S-phase progression
CyclinA cdc2 (Cdk1) Sthrough G2

Cyclin B cdc2 M-phase

20




(Tumor necrosis factor; TNF)

(TNF)
1975 Carswell
TNF TNF
TNF 1
2
TNF IL-1 IL-6
IL-8 T NK B
TNF (i) TNF
(i) TNF
TNF (TNFR; & TNFRy) 68
69 TNFR; TNF-a
NF-?B TNFR,
TNF-a TNF-3
(Fig. 8)
TNF-a Crohn’s Disease
(rheumatoid arthritis) TNF-a (cartilage cells)
Crohn's Disease PDE;*®  cAMP AMP
CAMP PKA NF-?B TNF-a
57
TNF-a (multiple sclerosis)®®
(Alzheimer’s disease)*
1997  Pruzanski (microtubule depolymerizing agents)

TNF-a @ TNF-a IL-1B SPLA2

21



(proinflammatory secretory nonpancreatic phospholipase A2) SPLA2
sPLA2

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

TNF-a TNF-a

22



mest cells neutrophils
Fig. 9 anaphylaxis
inflammatory mediators
61-62 vasoactive mediators ~ histamine  kininogenese PAF spasmogens

histamine PGD, LTC; LTD4

63-64
chemoattractants (eosinophil
chemotactic factor of anaphylaxis, ECF-A) (neutrophil
chemotactic factor; NCF)
superoxide anionO,"~ hydroxy radical
OH hydrogen peroxide H,0; oxygen specie®
aging ©° (ischemia-reperfusion
injury)®”® rheumatoid arthritis " inflammatory bowel disease
2n lysosomal enzymes
“ pulmonary emphysema
arteriosclerosis glomerulonephritis sl
CAMP
PKC PLC  Gprotein
PGE; (prostaglandin E;) histamine adenosine [3-adrenoceptor
G protein cCAMP
(respiratory brust)’®® cAMP
adhensior® migratiorf*
chemotaxis™® 8

87

23



2-phenyl-4-quinolone-3-carboxylic acid
compound 48/80 apolymer of N-(p-methoxyphenylethyl)
methyl-amine with formaldehyde B -glucuronidase  histamine
fMLP  N-formylmethionyl- leucyl-phenyl
alanine B -glucuronidase  lysozyme
fMLP  PMA phorbol 12-myristate 13-acetate
fMLP PMA
protein kinase C (PKC)

24



microglia cells

macrophage
88-89

90

multiple sclerosis Alzheimer’ sdisease

o Parkinson’ sdisease %2 AIDS dementia %°
inducible nitric oxidase

synthetase iINOS L- L-arginine citrulline

N-methyl-D-aspartic acid

lipopolysaccharide LPS nitricoxide NO
94-95

nitrogen oxides %

oligodendrocyte 7

nitrogen intermediates TNF-
98

TNF-

25



2-phenyl-4-quinolone arachidonic acid

99-103

(endothelial cell)

prostaglandin (PG)
oxide (NO) adenylate cyclase
cGMP
(collagen fiber)
VWF

glycoprotein Ib (GPIb)

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

EDRF (endothelim-drived relaxing factor)  nitric
soluble guanylate cyclase cAMP
101 (Fig. 10)

von Willebrand factor (VWF)
VWF

ADP thromboxane A, (TXA,)
thrombin  ADP

26



catecholamines serotonin TXA, PAF

(Tissue thrombopl astin)

(fibrinogen) Glycoprotein l1b/l11a (GP 11b/1113)
fibrin
(fibrin) « )
fibrin
192 (Fig. 11)

Phosphoinositide pathway:
Phosphatidylinositol-4,5-bisphosphate (PIP,) phospholipase C (PLC)
inositol-1,4,5-triphosphate (1Ps)  1,2-diacylglycerol (DG) 1P Ca'?

DG protein kinase C (PKC)
Eicosanoid pathway:
Phospholipid ( ) phospholipase A, (PLA>)
(arachidonic acid; AA) cyclooxygenase (COX) PGG,
PGH, PGH> Thromboxane Az (TXA2) TXAz
cAMP
ATP adenylate cyclase cCAMP cAMP
Ca' 0.05-0.1nM 1M Ca'
Ca'? PKC PLA, cytiskeletal granule
adenylate cyclase PGE; adenosne PGl;
cAMP phosphodiesterase AMP cAMP
phosphodiesterase
cAMP phosphodiesterase

caffeine theophylline  dipyridamole

27



104-105

( Fig.12 Tadleb)

( phosphodiesterase cAMP
AMP CAMP ) phosphodiesterase inhibitors PGs NO
dipyridamole caffeine
GPIb/VWF antagonists

A Thrombin thrombine-receptor antagonists hirudin  argatroban
B Serotonin  ketanserin
C ADP Ticlopidine clopidogrel Por-receptor antagonists
D TXA; TXA2 Ridogrel
A TXA2 (synthase) dazoxiban
B Cyclooxygenase NSAIDs
Glycoprotein l1b/I1areceptor blockers
aspirin cyclooxygenase
TXA: ticlopidine ADP
aspirin prostacyclin
ticlopidine
TXA; synthetase TXA, receptor
oragrel sodium (xanbon, OKY-046) aspirin
99
Table®. 104
Pathways Agents
Platelet adhesion
? von Willebrand factor Glycoprotein GPIb-receptor antibody

Antibody to von Willebrand factor
Inactive von Willebrand factor fragments

28



Platelet aggregation
? Cyclooxygenase pathways

Cyclooxygenase
Thromboxane A, synthase
Thromboxane A, receptor

Thromboxane A, synthase & receptor
?ADP

? Thrombin

? Serotonin

? Platel et-activating factor

? Phosphodiesterase

? Glycoprotein I1b/l11a receptor

Aspirin

Dazoxiban

Thromboxane A, receptor blocker
Ridogrel

Ticloipidne, clopidogrel, Pot-receptor
antagonists

Hirudin, hirulag, argatroban,
small-molecule inhibitors,
thrombin-receptor antagonists

Ketanserin

Platel et-activating factor antagonists

Dipyridamole, caffeine

RGD- mimetics (intravenous & oral)

29



2-phenyl-4-quinolones (PQ)
( novel antimitotic agents) PQ
inhibition of tubulin polymerization(ITP) cytotoxicity
(structure —activity relationships) 2-phenyl-4-quinolone 6 3-
OCHs ClI F ITP  cytotoxicity

2-phenyl-4-quinolone  antimitotic agents

-COOH
PQ  antimitotic agents

colchicine
(Catayst) 2-phenyl-4-quinolone
pharmacophore

2-phenyl-4-quinol one-3-carboxylic acid

30



3!

(Scheme5) 1946

R. C. Elderfield

40

34-45

34.Rl=F,R2=F
35.Rl=F,R2=Cl
36. Rl=F, R2=0OCH3

37.Ri=F,Rz=H

: N C'_C \©\
Toluene

40. R =Cl, R = OCH3
41. RL=0CH3 R2=F
42.R1=0OCH3, R =Cl
43. RL= OCH3, R2 = OCH3

R2
1-4 9-20
;'ifg Z'Ezfg 9.RL=F,R2=F 15.R1=Cl, Re = OCHS
3 RL= OCHS 7 RZZ OCHs 10.R =F,R2=Cl 16. Ru= OCHs, Rz = F
T Re= 11. R =F,R2=0CH3 17.R =OCH3, R =Cl
4-Ri=H 8.R2=H 12.RI=F,R2 = H 18. RL = OCH3, R2= OCHS
13.R=Cl,R=F 19.R1=0CH3 R2=H
14.R1=Cl, R2=Cl 20.Rl=H, R2=H
R1
R 5C200 COOQHs
PCh
—
110-140 Treflox Ro
9a-20a Toluene 22-33
00@Hs
Na + C2HsOH . C2HEONa D|ethyl majgpate NaC H/\C 150-170
COO@HSs
21 A

46-49

R2 R2

46.Ri=F,R2=F
47.R1=F,R2=Cl
48. R1=F, R2 = OCH3
49.R=Cl,R=ClI

14%NaOH 35 1= ¢ Re=F 44, RL= OCH3, R2=H
30.RI=Cl,R2=Cl 45 Ri=H,R2=H
[
RI COOH RI COOHNC(CH20H P
L | Tromethamine
—_—
H
50-60 R2 61-71 R2
50,61. Rl=F,R2=F 56, 67. R.= Cl, R2= OCH3
51,62.R=F R2=Cl 57,68. R.= OCH3, R2=F
52,63.R=F,R2=OCHs &g g9, RL= OCH3, R=Cl
°3,64. RL=F, R2=H 59, 70. R.= OCH3, R2 = OCHS
54,65.R=Cl, Re=F 60, 71. R.= OCH3, R2 = H
55, 66. RL=Cl, R = Cl
Scheme 5

31




3, 4-Substituted N-phenylbenzamides (9-20)

Ry
ﬁ \@\
R.T.
R14©7NH2 + c—=C — = NH
Toluene
Ro

1-4 5-8 Ry 9-20

LR =F 5. R=F 9. Ri=F R=F 15.R; = Cl, R, = OCHg

2.R =Cl 6.R,=Cl 10.Ry=F, R =Cl 16.R; = OCH3 Ry = F

3. Ry = OCHg 7. R, = OCH3 11.R1=F, R,=0CH3  17.R; = OCH3, R, =Cl

4R =H 8 Ry =H 12.R1=F,R=H 18. Ry = OCH3, R, = OCH3
1B.R =Cl,R=F 19. R; = OCH3, Ry = H
14.R;=Cl,R =Cl 20.R1=H,R,=H

eb

Schem

3-chloro-N-(4-methoxyphenyl)benzamide (17)

Scheme 6 4-methoxyaniline (3)
3-chlorobenzoyl chloride (6) amide linkage

95 17
17
17 146-148

(Chart 17-1) MS 261 (M* ) 263 (M+2)
CH3OCsHsNH (me 122)  CICsH4CO (mie 139)

IR (Chart 17-2) 3345cmt -NH , 1650 cm?

-C=0
'H NMR (DMSO-ds, 200 MHZ) & (ppm)(Chart 17-3) 12
0 3.73(3H,s) 4'-OCHjs 0 10.25
(1H,br) NH 0 6.90-8.03 8
H-H COSY (Chart 17-5) 5693 5771 3}
coupling correlation 0 6.93(2H,d,J=90H2z) o 7.71
(2H,d,J=9.0Hz) H-3' H-5 H-2° H-6 0 751
0 760 & 7.93 Jun coupling correlation 0 751 (1H,t,J=75H2)
H-5 3 7.60 (1H, d, J= 6.5 HZ) H-4 7.93 (1H, d,
J=7.4Hz) H-6 3 8.02 (1H, br-s)

32



H-2

13C NMR (DM SO-ds, 50 MHz) & (ppm) (Chart 17-4) 12
14 (C-3 C5H&
C-22 C-6) 12 =14-2
0 5523 4-0OCHs3 0 163.73 Cc=0
0 155.87 C-4 C3 G5 C2 C¢6
4-0OCHz NH 0 11384 9o 122.23

13¢c.H cosy (Chart 17-6) 13cH correlation >

126.44 o 127.48 o 130.33 o 131.25 C6 G2 C5 C4
HMBC (Chart 17-7) 5 6.93(2H, d, H-3', H-5')  3Jcy coupling
correlation o 132.08 C-1' o 133.37 & 137.13 0 7.51 (1H, t,
H-5) 3Jcn coupling correlation 0 133.37 o 137.13 C-3 C-1
C-3 0 133.37 & 15587 & 7.71(2H,

d, H-2', H-6")  3Jcy coupling correlation c-4

17 3-chloro-N-(4-methoxyphenyl)benzamide

33



position 'H B¢ 'H-'H cOSY  HMBC

1 [ 137.37

2 CH 8.02 (m) 127.48 c6(CJ), C1(3),
c=0(2)

3 C 133.37

4 CH 7.60 (d, 6.5) 132.08 H-5

5 CH 7.51(t, 7.5) 130.33 H-4, H-6 c1¢3), ¢3¢

6 CH 7.93(d, 7.4) 126.44 H-5 c2 ), ¢4

1T C 131.25

2 CH 7.71(d, 9.0) 122.23 H-3 c-4 (J), c-6 (),
C1 ()

3 CH 6.93(d, 9.0) 113.84 H-2 c1¢J),c-5 ()

4 C 155.87

5 CH 6.93(d, 9.0) 113.84 H-6 c1 ), ¢3¢

6 CH 7.71(d, 9.0) 122.23 H-5 c-4 (J), c-2 (),
C1 ()

3-OCH;  OCH; 3.73(9) 55.23

NH NH 10.25(br) Cc=0 ()

Cc=0 Cc=0 163.73

3, 4'-substituted N-phenylbenzamides
Table 28

34
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Ethyl 3,6-substitued-2-phenyl-4-quinolone-3-car boxylate (34-49)

R\@\ Rl
PCls
Rz
NH 110-140
9-20 9a-20a
9.R=FRB=F 15.R = Cl, R = OCH
10.R =F,R=Cl 16.R = OCHs, R=F
11. Ry=F,B=0CH; 17. R =OCH3, R =Cl
12.R=F,R=H 18. R = OCHs, R, = OCHz
13.R =Cl,B=F 19. R =0CH;, R, = H
14.R =Cl,B=Cl 20.R=H,R=H
/COOCoHs  Toluene 110
—_—
. NaCH reflux
Na + CoHsOH CHsONa Diethyl malonate \COOC2H5
21
Rl HsC,00C COOC2Hs5
22-33
150-170
22.R=F R=F 28. R, = Cl, B = OCH;
A 23.R=F,R=Cl 29.R = OCHs, R =F
24.R=F,BR=0CH; 30.R =OCH3,R=Cl
25.R=F, R=H 31. R = OCHs, R = OCHs
26.R=Cl,R=F 32.R = OCH;, R = H
27.Ry=CI,B=Cl 33.R=H,R=H
R
+
4.R=F,R=F 40.R, = Cl, B = OCH;
35.R=F, R=Cl 41.R = OCH;, R = F
36.R=F,R=0CH 42 R =OCH3 R =_Cl _
37. R1:F R=H 43.R = OCHs, R = OCHs 49.R=Cl, R=Cl
3B8.R=C,R=F 44.R = OCH;, Ry = H
30.Ri=Cl,R=Cl 45 R=H,R=H
Scheme 7
Scheme 7 ethyl 6-fluoro-3'-methoxy-2-phenyl-4-
guinolone-3-carboxylate (36)
11 PCls carboximidoy! chloride
lla diethyl malonate

sodium diethyl malonate 21
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la 21 diethyl [[(4-fluorophenyl)amino]-

(3-methoxyphenyl)methylene]mal onate (24) 24
36 48
36
36 214-216
(Chart 36-1) MS 341 (M*) 36
IR (Chart 36-2) 1711 cmt -C=0
'H NMR (DMSO-ds, 400 MHZ) & (ppm) (Chart 36-3) 16

& 0.95(3H, t, J= 7.0 Hz)

5 3.99(2H,q, J=7.0H2) CHs CH, & 386(3H,s) 3-OCHs
5 1220 (1H,br) NH & 7.12-7.79

7 'H-'H cosy (Chart 36-4,
36-5) 5 7.12-715(3H,m) H-24,6 & 7.47(1H,dd,J=9.1, 8.2 Hz)

H-5 & 7.63(1H,ddd,J=8.8,88,31Hz) H-7 & 7.75-7.79 (2H, m)
H-5 H-8

13C NMR (DMSO-dg, 100 MHz) & (ppm) (Chart 36-6) 24
19
24 =19+5 5

1385 5 6052 CHsz CHs 5 5561 3-OCHs 5

173.09 C=0 CH4

HMQC  (Chart36-7) 5 121.53(J=255H7) C-7
130.17 C-% 0 120.61 o 116.17 o 11397 3-0OCHjs
C-6 C-4 C-2 0 109.29 (J=22.25Hz) o 121.52 (J
=8 Hz) 2Jcr coupling  3Jcr coupling correlation
double split C-5 C-8

HMBC  (Chart 36-8, 36-9) 5 166.33
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-COOEt CH, 3Jcn 3Jcn long-range coupling

correlation -COOEt C=0O C-3 C-2 H-2' H-4 H-6'(d
7.12-7.15)  3Jcy correlation C-2
C-2 H-5( 747 3Jch correlation 0 15956 o
149.46 c-2 GC3 5 13504 H-5(d 7.47) 3Jcy correlation
c-1 4 H-5 H-7 3Jcn correlation
5 13651 C-9 H-8  3Jcy correlation 33k
coupling 0 126.06 (J=6.75Hz) C-10 2
C-6 13¢r coupling
2416 Hz 6 161.39 o 159.39 C-6
0 114.98 C-3 36 ethyl

6-fluoro- 3'-methoxy- 2- phenyl-4-quinolone- 3- carboxylate
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OCH,

position 'H (400 MHz) 13C (100 MHz) 'H'H COSY HMBC

1 NH 12.02 -

2 C - 160.03

3 C - 115.63

4 C - 173.73

5 CH 7.75-7.79 (M) 109.94 (d, 2J cr= 224 Hz)  H-5 c-9 4J), 6 (%),
c4 ()

6 C - 159.63 (d, XJ cr= 241.7 Hz) c9 )

7 CH 7.63(ddd, 8.8,8.8,31)  12217(d,2Jcr= 2525 Hz) H-8 H-5 C-10(3)

8 CH 7.75-7.79 (M) 122.61 (d, %J ce= 8.0 Hz) H-7

9 C - 137.15

10 C - 126.75 (d, 3J ce= 7.0 Hz)

X C - 135.68

2 CH 7.12-7.15 (m) 114.61 c-4 (), c-6 (%),
c2¢J), c3 @A)

3 C - 150.11

4 CH 7.12-7.15 (m) 116.81 H-5 c-2 (3J),c-6 (%),
C3 ()

5 CH 7.47 (dd, 9.2, 8.3) 130.82 H-4, H-6 c1 )

6 CH 7.12-7.15 (m) 121.26 H-5 c-2 (), c-4 (%),
c2 )

3-OCH; OCH;  3.86(9) 61.17

CH, CH, 399(m 7.2 56.25 CHs coo0 (J)

CH; CHy 095(m 7.2 14.49 CH,

COO  COO 166.96 CH. ()

ethyl 3',6-substitued-2-phenyl-4-quinol one-3- carboxylate

36

Table 29
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48
48

(Chart 48-1) MS

IR (Chart 48-2)

3455 cmit
-C=0

236-238 (decomposition)
269 (M* )

-NH

'H NMR (DMSO-dg, 400 MHz) & (ppm) (Chart 48-3)

5 3.86(3H,s) 3-OCH; & 11.84 NH

& 6.40 (1H, s) H-3
36

3 6.37(1H, s, H-3)

(1H, br)

48

7

. 1600cmt
4 -C=0 enol form

12

0 7.16-7.83
COOEt

6-fluoro-3'-methoxy-2- phenylquinolin-4-one

OCHj

position H (400 MHz)  H-H COSY

1 NH 11.84

2 C

3 CH 6.40

4 C

5 CH 7.73 H-5

6 C

7 CH 7.59 H-8, H-5

8 CH 7.82 H-7

9 C

10 C

T C

2 CH 7.36-7.40

3 C

4 CH 7.36-7.40 H-5

5 CH 7.50 H-4,H-6

6 CH 7.16 H-5
3-OCH; OCHs, 3.86
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6 fluoro  chloro

46-49

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

2-phenyl-4-quinolone (Scheme 8)

HsC200C

R R
cl 110
—_—
Z 3
N NH
Toluene[

HoCH3
o

COOC2H5 j

Na + CyHsOH —» CHsONa —— NaCH\
COOC2Hs

21

OH
OV
/ -CO2 lA
R HsC,00C H
150-170 |
A NH Ré
heme 8
23
(1,10 'H  H-'H cosy
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CH3

k ﬁ
o 0
a H F PN
\@i o) CHs
NH NH

(n) o (1) L
A N-[(E)-1-(3-chlorophenyl)-2-ethoxycarbonylvinyl]-N-(4-fluorophenyl)amine ( I)

'HNMR (Chart I-1) | 15

5 1.31(3H,t,J=72Hz) CHs & 420(2H,t,J=7.2Hz) CH,
5 499 (1H,s) H-2 5 12.56 (1H, 9) NH
> 6.64-7.36 8

"
'H-H cosy (Chart 1-2, 1-3) 'H-H cosy
5 6.66 5 6.81 5716 & 7.29 5 6.66 H-3,H-5
5 6.81(2H,m) H-2',H-6' 5 7.16-7.18 (2H, m) H-5, H-4

7.27-7.30 (1H, m) H-6 H-2 5 7.36 (1H, m) |

N-[(E)-1-(3-chlorophenyl)-2-ethoxy- carbonylvinyl]-N-(4-fluorophenyl)amine

B N-[1-(3-chlorophenyl)-2,2-diethoxycarbonylvinyl]-N- (4-fluorophenyl)amine (11 23)
'HNMR (Chart 23-1) Il 19 |
OCH,CH; H-2 0 499 (1H, 9
[ N-[1-(3-chlorophenyl)-2,2-diethoxy
carbonylvinyl]-N-(4-fluorophenyl)amine
N-phenylbenzamides sodium diethyl malonate diethyl

[anilino(phenyl)methylene]mal onates

3',6-Substitued-2-phenyl-4-quinolone-3-car boxylic acids (50-60)
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O
Ry COOH
10 % NaOH
—
|
H
50-60
R2
34,50R; =F,R,=F 40,56 R, =Cl,R,=OCHs
3551R;=F, R,=Cl 41,57R1=0CH3, Ry =F
36,52R; =F, R2=0CH3 42 58R;=0CH3, R, =Cl
37,53R; =F,R,=H 43, 59R1 = OCH3, Rp = OCH3
38,54R; =Cl, R, =F 44, 60R, = OCH3, Ry = H
39, 55R1=Cl,R,=Cl

Scheme 9
6-fluoro- 3'-methoxy- 2- phenyl-4-quinolone-3- carboxylic acid (52)

Scheme 9 36 10 Sodium hydroxide
52
52
52 231-233 (decomposition)
313 (M*) 52
IR (Chart 52-1) 3450 cmit -NH OH , 1679,
1617 cm* -C=0
'H NMR (DMSO-dg, 400 MHz) & (ppm) (Chart 52-2) 10
37 5 0.95

(3H,t,J=7.0Hz CHs) & 3.99(2H, g, J= 7.0 Hz CH,)
37 COOEt o
7.05-8.20 7 H-5 H-8 H-8
meta coupling H-7  orthocoupling H-5
orthocoupling H-7  meta coupling
5 7.87 (1H, dd, J= 9.2, 4.8 H2) H-8 & 7.87 (1H, dd, J=9.0,

42



2.8 H2) H-5

13C NMR (DM SO-ds, 50 MHZ) & (ppm) (Chart 52-3) 21
17
21 =17+4 36
5 13.85(CHs) & 60.52 (CH,)
5 166.33 (COOEL)
36 -COOEt
52  6-fluoro-3'-methoxy-2-

phenyl-4-quinolone-3-carboxylic acid

COOH 52
Table 31
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3',6-disubstitued-2-phenyl-4-quinolone-3-carboxylic  acid
tromethamine salts (61-71)

6 ®
Ry OOHZNC(CH,0H)4

Tromethamine
—_—

n-BuCl
50-60 Ry 61-71 Ry
50,61 Ry =F, Ry=F 56,67. R; = Cl, R, = OCH,
5162 R =F R=Cl 57,68. R, = OCHg, R, = F

52,63 R =F, Ry = OCH, 58,69. R; = OCHz, R, = Cl
5364 Ri=F R, =H 59, 70. R, = OCH,, Ry = OCH;

54,65 R =CL R, =F 60,71 Ry = OCHy, R, = H
55,66 R, = Cl, R, = Cl

Scheme 10
1985 B.D. Anderson NSAIDs

tromethamine 105 6- fluoro-3'-methoxy-2-phenyl-4-quinolone-
3-carboxylic acid tromethamine salt (63)

Scheme 10 52 tromethamine  butyl chloride/methanol
(4 1 63

63

63 222-224 (decomposition)

63
IR (Chart 63-1) 3430 cnit broad NH OH
'H NMR (DM SO-dg, 400 MHz) 3 (ppm) (Chart 63-2) 16
23 tromethamine
amine 4 0 5.13 (3H, br)
tromethamine  OH 0 3.74(6H, br) tromethamine CH;
52

13C NMR (DMSO-ds, 50 MHZ) & (ppm) (Chart 63-3) 21 013-3

3 0 59.87 & 60.79

tromethamine 3 CH,

63 6-fluoro-3'-

44



methoxy- 2-phenyl-4-quinolone-3-carboxylic acid tromethamine salt

3',6-disubstitued 2-phenyl-4-quinolone- 3-carboxylic acid tromethamine salt
63 Table 32
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2-Phenyl-4-quinolone (pharmacophore)

pharmacophore Paul Ehrlich
chromophore 106
(trypanosomones) (African dleeping sickness)
107 MSI
Catalyst™ (San Diego-based Accelry’s program) ligand-base drug design
108-109 5-HTHY aadrenoceptor'™  cyclooxygenase- 212
pharmacophore
colchicine taxol vinca
alkaloid 2-phenyl-4- quinolone
ITP colchicine
inhibition of colchicine binding; ICB 2-phenyl-4-quinolones
ITP ICB
colchicine PQ
pharmacophore
training set Catalyst™
pharmacophore

46



113

Training set

training set
14
Catalyst
4 10*
3
training set
2-phenyl-4-quinolones  training set
3
2-phenyl-4-quinolones colchicine colchicine
(ICB) Table7 colchicine 27
colchicine podophyllotoxin colchicine binding site

training set
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Table 7. Antitubulin effects of 2-phenyl-4-quinolones’’

ITP? ICBP
ICs (UM) £ SD (% inhibition) + D

Compd Rs R;

Q-13 OCH-0 H H H H H 0.63+0.2 26+ 10
Q-14 OCH20 H H OCHjs H H > 40

Q-15 OCH;0 H OCHg3 H H H 0.57+0.1 39 18

Q-16 OCH20O OCHjs H H H H 14+0.5

Q-17 OCH20 H H OPh H H > 40

Q-18 OCH;0 H H N(CHs), H H > 40

Q-19 OCH20O H N(CHs). H H H 0.7+0.03 29+7

Q-20 OCH20 H H CHs H H 1.0£0.2 12+8

Q-21 OCH;0 H OCHs;  OCH3 H H > 40

Q-22 OCH20O H OCHg3 H OCH; H 0.62+0.2 31+2

Q-23 OCH20 OCHjs H OCHjs H H > 40

Q-24 OCH;0 OCHjs H H OCH; H 55+0.8

Q-25 OCH20O H OCH,0 H H 1.1+£0.2

Q-28 OCH20 F H H H H 0851 37+3

Q-29 OCH,0 Cl H H H H 0.89+0.1 24+ 4
Q-30 H H H N(CHs) H H H 15+0.3

Q-31 H H H H N(CHs), H H > 40

Q-32 H H H OCHg3 H H H 14+04

Q-33 H H H OCHz; OCH3z OCH; H > 40

Q-34 OCHs3 OCHjs H H H H H 18+1

Q-35 OCH;3; OCHjs H N(CHs)2 H H H 15+2

Q-36 OCH3 OCHjs H OCHg3 H H H 43+1

Q39 OCHs; H H H OH H H 561

Q42 OCHz; H H N(CHs)2 H H H 0.84+0.2 18+6
Q43 OCHs; H H OCHg3 H H H 0.74+0.1 13+2
Colchicine 0.80 £ 0.07 861
Podophyllotoxin 0.46 £ 0.02 94 +2
Combretastatin A-4 0.53+0.05 654
Dihydro Combr etastatin A-4 0.63 +£0.03 65+4

FITP: inhibition of tubulin polymerization; ® ICB: inhibition of colchicine binding site
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training set

(candidates)
Hypothesis
View compound Workbench 2D 2D beautify 3D
beautify 3D minimization 3D Generate
conformation model 20 Kcal molt
250 "best conformer generation’
(conformer)

Generate Hypothesis Workbench

training set spreadsheet " hypothesis generate”
(hydrogen bond acceptor HBA) (hydrogen bond donor HBD) (aromatic
ring) (hydrophobic group) 4 (feature)
feature HBA 2 HBD hydrophobic group aromatic ring
0-2 feature model Catalyst
pharmacophore Hypothesis 10 Hypothesis
Cost root- mean sguare deviation, RMS  correlation
Cost Table 8
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S form R form

ITPI1G0=0.69; M 0=2. ITPIG0=0.57 M
S OCH3 ITPIC0=2.3M OCHe " ocHe
I
98 4 |
NS CH3
N o)
H H
OCH3
ITP1C50=0.964 M ITPIGO>40u M

<O | CH3
OCHs

OCH3

ITP1G0>40u M ITP1G0>40 M [¢] ITPIG0>4Q1 M

!

ITPIC50>4Qu M Sere TP 1G0>4Q, M

PP GH3 o) ?H3
NHCCNHCH-6H5

o) K7
H
R form S form
ITPI1G0>4Q M OCHs ITPI1CS0>4Q, M oCHs
Fig. 13. training set
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Hypothesis

Hypothesis " Cost” "Fit”
" Cost”
" Cost” Hypothesis Catalyst Hypothesis
" Cost” Cost Weight Cost  Error Cost

Configuration Cost

A Weight Cost 2 feature weight model gaussian
model 2
B Error Cost training set (estimated value)

(measured vdue) RMS

(favor)  Hypothesis (correlation)
correlation 1 RMS 1
C Configuration Cost (fixed cost) Hypothesis

(optimized Hypothesis space)

Hypothesisspace  Entropy 18
Error Cost Cost Hypothesis
Catalyst Hypothesis Cost Error Cost
1 ided Hypothesis Cost (= Fixed cost)
70-100 bits Error Cost 0
null Hypothesis Cost Cost
models null Hypothesis Cost ided
Hypothesis Cost
Cost model
Hypothesis ? =|[ided null| Hypothesis
Hypothesis Entropy
full Fixed cost 18

model 18 Catalyst
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model Entropy used resource
Entropy = 17 120
Mbytes Entropy 18 training set
"Fit”
Catalyst Cost Hypos
Cost
3D
(1) 10 Hypos View Hypothesis Workbench
(feature)  Hypo
2 Workbench Hypo
model
3 Hypos Generate Hypothesis Workbench
training set spread sheet Hypo training set
4 Compare model
Hypo
Hypo
Catalyst Fit
Fit "Best Fit”
"Fast Fit” "Best Fit” Fit
"Fast Fit” "Best Fit” "Fast Fit”
3D
Hypo training set
training set Hypo
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)

training set

Hypo

new lead

53

(test set)

Hypo
10

Hypo



Phomacophore

10 Hypothesis Cost RMS correlation Cost
Table8 10  Hypos Hypo 3
Hypo3 feature 3 Hydrogen Bond Acceptor (HBA1 HBA?2)
Hydrophobic group (HY DROPHOBIC) HBA1-HBA2 4.19-6.19A

HBA1-HYDROPHOBIC 7.74-9.74 A (Fig. 14) HBA2-HYDROPHOBIC 5.49-7.49 A

feature HBA1-HBA2- HYDROPHOBIC 91.20-101.20°
HBA1-HYDROPHOBIC-HBA2  42.60-52.60° HBA2-HBA1-HYDROPHOBIC
31.20-41.20° (Fig. 15)

Hypo3 test set 155-19  ITP
ICs0 > 40000 nM Fig. 16 Hypo 3 155-19 3D
HBA1 feature Fit
4.0599 32000 NM test set 155-9( ITP  1Cs = 650 NM)
Hypo 3 Fig. 17 155-9 feature
Fit 155-19 Fit =5.8398

(estimated) = 540 nM
ITP

Fig. 18 Hypo 3 57
ICsr 930NnM
57 pharmacophre
ITP

54



(HTCL replication, human tumor cell
lines replication)
54, 56-59 38, 40-43
human tumor cell lines, HTCL cancer cell lines
U87-MG (brain cancer cell) A549 (lung cancer cell) HT-29 (colon cancer cell)
replication Table9
2-phenyl group m- OCHs; 59
F ClI 57 58 F 57
Table 10 MCF7
(breast adenocarcinoma ) CAKI (kidney carcinoma )
HOS (bone osteosarcoma ) KB (nasopharyngeal carcinoma
) KB-VIN vincristine SK-MEL-2 (skin
malignant melanoma ) HCT-8( ileocecal adenocarcinoma
) PC-3 (prostate adenocarcinoma ) 1A9 ovarian
cancer
epidermoid carcinoma of nasopharynx KB

vincristine-resistant KB

glycoprotein  human ovarian cancer cell (1A9) ICso
0.03aM
-COOH 58 59 57
A (ITPICso = 0.57@M) logP ( Tablell
log P
quinolone A B
Fig. 19 C quinolone
57 59 58
A 57 A A B

55

)



C Fig. 20 58 59 C A
57 (Fig. 21, Fig. 22) 57 58 59
C qguinoloneA B
Table 9. Activity of 3',6-disubstituted- 2- phenyl-4-quinolone-3-carboxylic acid

derivatives against HTCL replication

Compound R R> R3 Us7-MG? A549°  HT-29°
38 Cl F COOC;Hs NA >20 ND
40 Cl OCH; COOC,Hs  >20 >20 ND
41 OCHs F COOC;Hs NA NA ND
42 OCHs Cl COOC,Hs  >20 >20 ND
43 OCHgs OCH; COOCzHs  >20 >20 ND
54 Cl F COOH 2.0 <2 ND
56 Cl OCHs COOH >20 >20 ND
57¢ OCHgs; F COOH 1.50 0.19 ND
58 OCHs; Cl COOH - 26 5.7
59 OCHs; OCHs COOH >20 >20 ND

2 U87-MG: brain cancer cell;® A549: lung cancer cell; °HT-29: colon cancer cell;®

replication

57

56

culturemedium

HTCL



Table 10. Activity of compound 57 against HTCL replication

Tumor cell |Cs0 (M)

MCF7 (breast adenocarcinoma) 0.14

CAKI (kidney carcinoma) 39.0

HOS (bone osteosarcoma) 0.14

KB-VIN (KB resistant to vincristine) 0.13

KB (nasopharyngeal carcinoma) 0.13

SK-MEL-2 (skin malignant melanoma) 0.16

HCT-8 (ileocecal adenocarcinoma) 0.14

A9 (ovarian cancer) 0.03

PC-3 (prostate adenocarcinoma) 0.21

Table 11. 34-44 50-60 logP
Compound Cdculated Compound Cdculated
logP @ logP @
34 5.21 +0.65 50 416 +£1.00
35 5.75+0.60 51 4.71+£1.00
36 6.15 + 0.60 52 4.09+1.00
38 5.75+ 0.60 54 4.71+£1.00
39 6.30 £ 0.55 55 5.25+1.00
40 5.68 + 0.55 56 4.63+1.00
41 4.76 £ 0.60 57 3.72+1.00
42 5.31+0.55 58 4.26 +1.00
43 4.69 £ 0.55 59 3.64 +1.00
44 4.71+0.54 60 3.66 + 1.00
A 4.24 £ 0.75

& Calculated log P by I-Lab Service: ACD/Log P v6. Experimental data not available
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human cancer cell line panel 57

57

human cancer cell line panel

HCCP
HCCP 39 breast cancer 5
CNScancer 6 colon cancer 6 lung cancer
7 melanoma 1 ovarian cancer 5 renal
cancer 2 stomach cancer 6 prostete cancer 2
39 96 wells plate 104~108 M 57
48 sulfo rhodamine
dose-response curves Fig. 23
Glso (50 % growth inhibition) TGI (total growth inhibition)
LCso (50 % letha concentration) mean grapls Fig.
24-A, Fig. 24-B, Fig. 24-C  Mean graph 39 (log
Glso log TG log LCsp) MG-MID mean graph
midpoint
mean graph
finger print
Fig. 24-A 57 cancer cell lines
logGlsp MG-MID mean graph midpoint  -6.22 M 57 HGC2998 cdl line
logGlsp -6.86 M OVCAR-4 ovarian cancer cdl line log Glsg
-6.76 M log TG Fig. 24-B 5/ MG-MID

-4.61 M breast cancer BSY-1 CNScancer SF-539 coloncancer HGC2998
lung cancer  NCI-H552 Ovariancancer OVCAR-4  SK-OV-3 renal cancer
RXF-631L prostate cancer DU-145 log
LCso Fig. 24-C MG-MID -4.05M
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OVCAR-4 logLCsp -6.02 M MG-MID
100
finger print
DNA intercalation tubulin inhibition topoisomerase inhibition
finger print COMPARE program
Fig. 25 57  finger print database
finger print antimitotic agents
navelbine r=0.512 vindesine r=0.461 taxol r=0.452
57 significant
differential growth inhibition COMPARE program 57
navelbine  antimitotic agent COMPARE negative r 0.5
navelbine
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57  finger prif COMPARE

program

1.0
0.8
0.6
0.512
0.461
0.452

1. -
o 2 -
Database 3. -
4, Navelbine
5. Vindesine
6. Taxol
57
1.r 05
2.r 05
Fig. 25. 57 finger print

61




human cancer cell line panel 68

57
57 DMSO
57 tromethamine salt 68

57  human cancer cell line panel

68 39 dose-response
curves Fig. 26 curves Glso TGl  LCs
68 mean graphs  Fig. 27-A, Fig. 27-B, Fig.
27-C
Fig. 27-A logGlsp MG-MID -5.48M HGC2998 colon
cancer cell line logGlsp -7.23M MG-MID 56
OVCAR-4 ovarian cancer cdll line log Glsp -6.55M log TGI
Fig. 27-B HGC2998 OVCAR-4
log LCso (Fig. 27-C) 68 HGC2998 OVCAR-4
log LCsp -5.06 M -517/M MG-MID 10
68  finger print data base COMPARE
program (Fig. 28) COMPARE negative (r 0.5) r-value
E7010 r-value 0.445

68 sgnificant differential growth
inhibition COMPARE negative r 0.5
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68

finger print

COMPARE

o g wWN PR

E7010
6-Mercaptopurine
Navelbine

1.0
0.8
0.6
0.445
0.310
0.303

1.r
2.1

68
0.5
0.5

Fig. 28.

68 finger print
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57 68

57 68 COMPARE program 39
navelbine vindesine taxol E7010

6-mercaptopurine Fig. 29
Navelbine

Navelbine (vinorelbine, KW-2307)

vinca 1990s Potier
Navelbine vinca vinblastine
Navelbine
vinblastine 14415 navelbine
navelbine
navelbine
navelbine
navelbine (non-small cell lung cancer, NSCLC)
phase 1 navelbine NSCLC PC-9
Gam e nude mice xenografted human
tumor models navelbine 11 8 117 (non-small
cell lung cancer: 4/4, breast cancer: 2/3, colon cancer: 0/2, stomach cancer: 2/2)
NSCLC vindesine
navelbine
Vindesine (Eldisine, Fildesin)
Vindesine vinca melanoma  lung cancer

uterine cancer  Vindesine vinblastine
Taxol (paclitaxel)
taxol
B subunit
E7010
E7010 (N-[2-[(4-hydroxyphenyl)amino]- 3-pyridinyl]-4-methoxybenzene sulfonamide)
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sulfonamide
binding site
M 143
I
6-Mer captopurine
Mercaptopurine
hypoxanthine  Mercaptopurine

DNA RNA

57 COMPARE program

navelbine r=0.512

57  tromethamine salt (68)

program

COMPARE program

(navelbine, E7010)
68 39

118119 B -3isotype

vincristine  taxol 120

121

colchicine

phase

purines adenine

ribonucletide purine
M ercaptopurine
vinca
navelbine
COMPARE
E7010
57 68
57
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PC-3 HLG60

57 PC-3
S7 PC-3 CCRF-CEM
MDA- MB-231 57 3-30aM
PC-3 CCRF-CEM Fig.30 Fig.31
57 1-30aM MDA-MB-231
Fig.32
57 LDH release assay
apoptosis Necrosis
Necrosis apoptosis
lactate dehydrogenase LDH LDH
necrosis Fig. 33 57 24
PC-3 MDA-MB-231 LDH n=1
(apoptosis) assay
PC-3 flow cytometry 57 3x10°M
PC-3 48 10% FBS ub-G1 G2/M phase  control
7.4% 23.89% 249% 525% n=1 57 PC-3
G2/M arrest PC-3
57 68 HL-60
G2phase M
phase
G2/M phase
57 68 Table

12 68 4nM HL-60 G2/M
phase arrest 63.7% 68
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57 2nmv
arrest 18

57

invitro

[Csp

57
G2/M phase arrest

HL-60

G2/M phase arrest

68

68

68

PC-3 HLG60

67

57

6 G2/M phase

S phase arrest

tromethamine



Table 12. The cell cycle effect of HL-60 cdll line

compounds hr  Sub Gl phase GO0/ G1 phase G2/ M phase S phase
Control 06 49 + 37 371+12 10.8 + 1.3 522+ 25
12 05+07 37.0+ 0.1 7.4 £ 0.9 55.7 + 0.7
18 40 +17 287 +1.0 10.8 + 2.0 60.5 + 3.0
24  15+10 369 +16 135 + 0.3 49.7 +1.3
57 06 32 +33 05+05 504 + 137 490 + 1.5
2 M 12 178+20° 124+ 04" 3B5+217" 498 + 0.6
18 254 +29" 20.7 +5.0 19.1 +4.7 757 +42°
24 268 +68" 75+19" 22 +42 782 +6.6°
68 06 02+04 02+04 63.7 £+2.1 36.1+227
4 /M 12 20+10 55+ 08" 65.0 + 03" 303+17""
18 137 +65 39 +27™ 547 +49"7 423 +06"
24 249 +10°7 94 +21°" 56.8 +29° " 328+22"

Leukemiacells (1.0 x 10 5 ) were incubated with 1Csq in 6, 12, 18 and 24 hrs.
Datawas presented as mean + SD from three separate experiments.
" p < 0.05 compared with control.
p< 0.01 compared with control.
" p< 0.001 compared with control.
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Table 13-15 fMLP

2-phenyl-4-quinolore COOEt COOH
35 36
ICso 16.3 17.6nM
57 fMLP
(1Cs0 = 8.1nM) trifluoperazine (ICsp = 6.2 nM) 51 (1C50=10.8

M) 52 (ICso = 20.9 mM) 54 (ICso = 18.9 mM) 55 (ICso = 17.2 nM) 56 (ICso = 18.9 M)
58 (ICs0 = 13.9 M)  fMLP

62 (ICso = 23.2MM) 66 (ICs0 = 15.2 MM) 69 (ICsp = 20.7 M)

6 F 3 OCHjs tromethamine
(36, 52) fMLP
tromethamine
52 54-56 58 tromethamine (63, 65-67,69)
tromethamine 66 69 (55, 58)
fMLP
2-PQ tromethamine
2-PQ tromethamine
2-PQ 6 methoxy 3

fluoro trifluoperazine
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Table 13. The inhibitory effects of compounds 34-44 on neutrophil superoxide formation (in vitro)

Animal: Rat (Sprague Dawley) Inducer: fMLP (0.3 mM )/ cytochalasin B (5 ng/ml)

Inducer: PMA (3 nM)

Conc. Superoxide Formation (nmol/10° cells/30 min)
Drugs R; R> (MM)
fMLP % inhibition PMA % inhibition
Control 5.84+0.18 4.93+0.19
34 F F 10 4.07+0.15 30.2+1.3** 4.47+0.38 9.2+7.2
30 3.69+0.13 36.8+2.1** 3.14+0.38 35.8+9.5*
35 F Cl 3 4.77+£0.34 18.5+0.8 --
10 3.36+£0.33 42.8+1.7%* 3.47+0.15 29.0+5.7*
30 2.34+0.26 60.1+2.1** 3.40+0.35 30.5+8.6*
ICs0 (MM) 16.3+0.9
36 F OCHjs 3 4.67+0.36 20.3+1.1* --
10 3.38+0.25 42.3+1.8** 3.82+0.29 22.7+3.0
30 2.48+0.20 57.7£0.3** 4.93+0.27 0.01+4.0
ICs0 (M) 17.6+0.6
38 Cl F 10 3.98+0.25 31.9+2.5%* 4.3910.24 10.9+3.9
30 4.68+0.39 20.1+4.4* 4.92+0.39 0.3+6.5
39 Cl Cl 10 3.95+0.23 32.3+3.1** 4.49+0.06 8.8+2.5
30 3.12+0.18 46.4+3.9** 5.02+0.20 -2.0£5.1
40 Cl OCHs 10 3.96+0.28 32.3£2.8** 3.77£0.10 23.4+15
30 4.36+0.20 25.3+2.1** 4.04+0.22 17.6£6.6
41 OCHs; F 10 4.49+0.32 23.015.2** 4.24+0.09 13.7£2.0
30 4.07+0.59 29.8+11.4** 4.04+0.43 17.1+11.7
42 OCH; ClI 10 4.64+0.34 20.8+3.4* 4.02+0.20 18.4+2.6
30 4.64+0.18 20.6+1.3** 5.40+0.49 -9.1+6.1
43 OCHs; OCHjs 10 4.39+0.26 24.9+2.3** 4.12+0.44 15.6+11.7
30 4.49+0.26 23.2+3.0** 3.75+0.30 23.3+8.7
44 OCHs; H 10 5.38+0.33 7.9£3.0 4.29+0.05 12.5+4.4
30 5.48+0.56 6.5+7.5 4.26x0.34 13.2+7.3
TFP 3 4.41+0.08 24.3+1.9* 4.49+0.24 8.6x2.0
10 1.14+0.17 78.1+5.4** 0.94+0.09 80.2+2.0**
30 0.03+£0.12 99.1+£3.3** 0.39+£0.03 90.9+£0.4**
ICsp (MM) 6.2+0.3 7.6£0.3
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Table 14. The inhibitory effects of compounds 50-60 on neutrophil superoxide formation (in vitro)

Animal: Rat (Sprague Dawley)

Inducer: fMLP (0.3 MM )/ cytochalasin B (5 ng/ml)
Inducer: PMA (3 nM)

Conc. Superoxide Formation (nmol/10° cells/30 min)
Drugs R R> (MM o
fMLP % inhibition PMA % inhibition
Control 44.0+0.7 68.1+2.2
50 F F 10 3.91+0.06 32.9£1.7%* 4.19+0.55 14.5+12.7
30 3.21+0.30 44.5+6.5** 3.95+0.12 19.445.4
51 F Cl 3 4.68t0.44 20.3+1.4* --
10 3.02+0.17 48.0£2.7%* 4.36+0.14 11.5+1.0
30 1.55+0.15 73.6+0.6** 4.45+0.28 9.616.0
|Cs0 (M) 10.8+0.4
52 F OCHjs 3 5.21+043 11.0+£2.0 --
10 3.60+£0.32 38.6£1.0** 4.20+0.09 14.6x2.8
30 2.60+0.27 55.7+1.7** 3.18+0.39 34.6+£10.2*
ICs0 (MM) 20.9+1.9
54 Cl F 3  4.96x0.51 15.4+4.9 --
10 3.60+£0.27 38.4+0.6** 3.74+0.25 24.2+2.1
30 2.45+0.20 58.2+0.3** 4.13+0.18 15.6+6.9
ICs0 (MM) 18.9+0.2
55 Cl Cl 3 4.85t0.45 17.3+1.3 --
10 3.41+0.40 42.142.4** 3.72+0.40 23.8+10.5
30 2.35+0.40 60.4+4.1** 3.97+0.44 18.6+11.8
ICs0 (M) 17.2+2.9
56 Cl OCHjs 3  4.46x0.27 23.6+1.6** --
10 3.29+0.19 43.6+£2.7** 4.21+0.20 14.1+6.6
30 2.65+0.20 54.6+0.7** 7.04+0.42 * -43.3t12.0
ICs0 (MM) 18.9+1.5
57 OCH; F 3 3.63+0.39 38.2+2.2** --
10 2.72+0.22 53.4+1.3** 6.55+0.28 -32.8+4.9*
30 2.09+0.24 64.4+1.6** 6.69+0.07 -35.9+3.7*
ICs0 (MM) 8.1+1.1
58 OCH; Cl 3 4.78+£0.33 18.1+2.7 --
10 3.24+0.29 44.8+1.0** 3.66+0.38 24.9+9.7
30 2.08t0.22 64.7+1.1** 4.71+0.57 3.4+14.3
ICs0 (M) 13.9+0.3
59 OCH; OCH; 10 3.45%+0.15 40.6+3.8** 5.52+0.41 -12.8+12.4
30 3.04+0.27 47.9+4.8** 6.90+0.68 -40.1+14.2*
60 OCH; H 10 3.74+0.31 36.1+£3.7** 4.36+0.17 11.3+3.5
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30

TFP 3
10
30
|Cs0 (MM)

3.49+0.18
4.41+0.08
1.14+0.17
0.03+0.12

40.2+1.4**
24.3+1.9*

78.1£5.4**
99.1+3.3**

6.2+0.3

3.40+0.42
4.49+0.24
0.94+0.09
0.39+0.03

7.6+0.3

30.0+10.9
8.6+2.0
80.2+2.0**
90.9+0.4**

*P<0.05** P<001;N=3;

Trifluoperazine (TFP): positive control
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Table 15. The inhibitory effects of compounds 61-71 on neutrophil superoxide formation (in
Vitro)

Animal: Rat (Sprague Dawley)
ng/ml)

Inducer: fTMLP (0.3 nM )/ cytochaasin B (5

Inducer: PMA (3 nM)

Conc. Superoxide Formation (nmol/10° cells/30 min)
Drugs R; R> (MM)
fMLP % inhibition PMA % inhibition
Control 1.73+0.17 2.99+0.07
61 F F 10 1.15+0.11 33.6+£0.3** 3.78+0.17 -26.7+9.0*
30 1.05+0.17 39.6+4.8** 597+0.31 -99.3£6.6**
62 F Cl 3 1.50+0.14 13.3+2.0 --
10 1.28+0.12 25.7+0.5* 2.37+0.21 21.0+5.3
30 0.74+0.07 57.2+1.3** 2.87+0.06 3.8+4.6
ICs0 (MM) 23.2+1.4
63 F OCHs; 10 1.34+0.13 22.3+0.5 2.75+0.31 8.4+8.2
30 1.12+0.12 35.2+2.8** 2.30+0.31 23.3+85
65 Cl F 10 1.09+0.21 37.4£10.0** 2.31+0.10 22.6+3.8
30 0.92+0.05 46.0£2.7+* 3.69+0.50 -22.7+13.7
66 Cl Cl 3 1.47+0.12 14.7+2.3 --
10 1.17+0.10 32.3+4.0** 2.55+0.20 14.7+7.0
30 0.52+0.02 69.3+2.9** 242+0.26 18.9+7.9
1Cs0 (MM) 15.2+1.3
67 Cl OCHs 10 1.48+0.22 14.4+9.9 2.68+0.08 10.4+0.4
30 1.06+0.18 39.4+7.7** 257+0.05 14.1+19
68 OCHs F 10 1.27+0.16 27.0£3.8** 3.42+0.08 -16.5+0.8
30 1.01+0.12 41.9+2.3 5.20£0.08 -73.7t2.4**
69 OCH; Cl 3 1.50+0.09 12.3+6.0 --
10 1.17+0.09 32.1+1.5%* 2.31+0.42 () 23.3t12.3
30 0.72+0.06 58.3+0.6** 2.96+£0.25() 1.3+6.1
ICs0 (M) 20.7+1.1
70 OCH; OCHs3; 10 1.03+0.26 41.8+11.9** 2.09+0.19 30.1+4.7*
30 0.94+0.18 46.5£8.1** 2.13+0.23 28.1+9.6
71 OCH; H 10 1.22+0.19 30.0+8.1** 2.55+0.08 14.5+3.3
30 1.03+0.13 40.4+4.9** 2.22+0.33 26.0+10.0
TFP 3 1.31+0.04 24.3£1.9* 27.2£0.24 8.6£2.0
10 0.36+0.08 78.1+5.4** 0.57+0.09 80.2+2.0**
30 0.01+0.05 99.1+3.3** 0.24+0.03  90.9+0.4**
Cxgp (MM) 7.6+0.3




The neutrophil suspension was preincubated at 37  with 0.5 % DM SO or tested compound
for 3 min. Fifteen minutes after the addition of PMA, the absorbance was determined at 550

nm. Vaues are presented asmean + SE., n=3,* P <0.05, ** P < 0.01 Trifluoperazine (TFP):
positive control
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2-phenyl-4-quinolone fMLP

Tablel6-18 1Cso 30aM
Table 19-21 compound 48/80
2-phenyl-4-quinolone 38
6 chloro 3 fluoro 35 6 fluoro 3
chloro 307M 38%
tromethamine ICso 30aM
2-phenyl-4-quinolone RAW 264.7 LPS
IFN-y N9 Table 22-24
ICso 30aM
TNF-a
2-phenyl-4-quinolone LPS (peripheral
macrophage, RW 264.7cells) Table 25-27 38 44
55  30R”M LPS RW 264.7 TNF-a 30%
34 68 308M LPS IFN-y N9 TNF-a
393% 327%
Table 25-27 3% 36 39 43 56 57 59 61 66

68  307M 57 59 107M
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Table 16. The inhibitory effects of compounds 34-44 on neutrophil degranulation (in vitro)

Ro

Animal: Rat (Sprague Dawley) Inducer: fMLP (1 M)/ cytochalasin B (5 ng/ml)
Conc. Percent Release
Drugs R R> (MM) e
? -Glucuronidase % inhibition Lysozyme % inhibition
Control 44.0+0.7 68.1+2.2
34 F F 10 41.3+1.6 6.1+2.3 68.6+1.6 -0.8£5.0
30 36.0+£0.9 18.1+1.9 65.8+2.0 3.0+5.9
35 F Cl 10 34.6t£1.7 21.3+2.8* 62.5+2.4 7.945.2
30 35.3+1.6 19.7+2.5 57.8+0.8 14.9+2.8
36 F OCH; 10 34.3+0.6 22.0+0.3* 61.3+3.3 10.1+2.5
30 31.7+0.9 7.9£1.2%* 65.0+0.7 4.3+3.4
38 Cl F 10 33.6+£0.8 23.6+1.9** 61.2+4.5 10.3+3.8
30 32.9+0.5 25.1+1.3** 62.0+3.7 9.0£2.5
39 Cl Cl 10 29.0+1.4 34.0£2.3** 57.7+7.6 15.9+8.6
30 31.0+1.3 29.6+1.9** 56.7+5.8 17.1+6.0
40 Cl OCH; 10 35.8+0.7 18.6x1.5 61.8+4.4 9.5£3.5
30 33.8t1.2 23.2+2.4** 61.3+3.7 10.2+2.5
41 OCHs F 10 46.6+2.4 -5.7+4.4 66.6+4.2 24134
30 44.2+2.1 -0.4+3.2 69.2+2.5 -1.5+0.3
42 OCH; ClI 10 34.5+1.8 21.6+3.1* 64.5+3.8 5.5+2.5
30 42.8t1.4 2.7+2.4 65.5+3.2 4.0+1.6
43 OCHz; OCHs; 10 36.5+0.6 16.9+1.1 65.0+3.7 4.612.3
30 34.4+1.6 21.9+2.7* 64.3+4.0 5.8+3.2
44 OCHs H 10 42.6+0.9 3.1+1.1 68.2+3.0 -0.1+2.1
30 43.7+0.4 0.6x1.4 70.9+1.9 -4.1+1.0
TFP 3 45.7+1.9 -34+2.1 86.7+3.7 -27.0¢4.1
10 21.2+0.3 38.3+2.7** 48.4+0.4 27.5+5.8*
30 6.0£0.6 87.1£2.7** 3.2+0.9 94.3+2.1**
ICsp (MM) 12.2+0.3 13.2+0.7

The neutrophil suspension was preincubated at 37  with 0.5 % DM SO or tested compound
for 3 min in the presence of cytochalasin B 5 ng/ml. Forty-five minutes after the addition of
fMLP (1mM), R-glucuronidase and lysozyme in the supernatant was determined. Values are
presented asmean £ SE., n=3,* P<0.05,** P<0.01

TFP (Trifluoperazine): positive control
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Table 17. The inhibitory effects of compounds 50-60 on neutrophil degranulation (in vitro)

Animal: Rat (Sprague Dawley) Inducer: fMLP (1mM)/ cytochalasin B (5 ng/ml)
Conc. Percent Release
Drugs (MM s
[3-Glucuronidas % inhibition Lysozyme % inhibition
Control 44.0+£0.7 68.1+2.2
Ri R,
50 F F 10 48.0£2.0 -9.0£3.9 70.4+2.5 -3.7£6.9
30 43.1+0.9 19+14 68.7+2.1 -1.145.9
51 F Cl 10 38.1+1.2 13.4+1.6 70.1+1.1 -3.1£5.0
30 35.5+2.9 19.4+5.3 63.7+2.4 6.4+1.7
52 F OCHs; 10 36.3+1.1 17.4+2.0 66.7+2.0 1.746.3
30 35.2+1.2 19.8+3.4* 61.8+2.2 9.2+3.1
54 Cl F 10 36.1+1.0 17.9+1.6 64.7+4.6 5.2+3.7
30 34.2+0.7 22.3+2.1* 63.0+3.6 7.7+2.4
55 Cl Cl 10 38.8+1.0 11.9+19 66.9+4.8 2.0+4.4
30 33.8+0.6 23.2+0.6**  63.3t4.9 7.314.3
56 Cl OCHs; 10 33.9+0.2 23.0+1.8**  63.1+35 7.4+2.2
30 35.1+1.0 20.2+1.5* 60.9+4.3 10.8+34
57 OCHjs F 10 36.3+0.8 17.5+1.3 66.8+4.2 2.1+3.1
30 43.0£0.9 2.1+0.8 64.9+1.0 4.5+3.5
58 OCHjs Cl 10 35.6+1.3 19.1+3.1* 65.4+3.1 41+1.4
30 32.9+1.1 25.2+1.6**  60.2£3.3 11.6+2.3
59 OCHs OCHs; 10 39.4+1.4 10.3+3.0 63.9+2.1 6.1+1.1
30 34.9+0.2 20.7+1.5* 63.2+0.5 7.0£2.4
60 OCHjs H 10 46.6+1.9 -5.8+3.6 67.9+3.0 04+1.1
30 41.7+1.6 5.2+2.1 66.0+4.0 3.3+2.9
TFP 3 45719 -3.4+2.1 86.7+3.7 -27.0£4.1
10 21.2+0.3 38.3t2.7** 484104 27.5+5.8*
30 6.0+0.6 87.1+2.7** 3.2+0.9 94.3+2.1**
ICs (MM) 12.2+0.3 13.2+0.7

The neutrophil suspension was preincubated at 37 with 0.5 % DM SO or tested compound
for 3 min in the presence of cytochalasin B 5 ng/ml. Forty-five minutes after the addition of
fMLP (1nM), 3-glucuronidase and lysozyme in the supernatant was determined. Vaues are
presented asmean £ SE., n=3,* P<0.05, ** P<0.01

TFP (Trifluoperazine): positive control
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Table 18. Theinhibitory effects of compounds 61-71 on neutrophil degranulation (in vitro)

COOH 3NC(CH,0H)3

Rz

Animal: Rat (Sprague Dawley) Inducer: fMLP (1nmM)/ cytochalasin B (5 ng/ml)
Conc. Percent Release
Drugs R; R> (MM) o
3-Glucuronidase % inhibition Lysozyme % inhibition

Control 27.1+05 64.6+1.2

61 F F 10 27.8+0.1 -2.7£1.9 64.1+1.5 0.8+2.1
30 24.2+05 10.4+3.5 62.4+0.9 3.4+0.8

62 F Cl 10  26.8+1.3 0.8+6.9 67.8+1.3 -4.8+1.4
30 24.0+04 11.3+3.4 60.2+0.8 6.8+1.7

63 F OCHg3 10  26.4+0.5 2.6x3.9 68.3+1.6 -5.6£2.0
30 231+05 14.5+3.6 64.3+1.2 0.5+1.5

65 Cl F 10 25.6+04 5.4+2.2 64.7+0.9 -0.1£2.0
30 22.2+0.8 18.0+2.8 57.2+1.5 11.4+1.7

66 Cl Cl 10  245+04 9.5+0.2 63.1+0.5 2.2+0.8
30 23.2+04 14.2+2.1 56.6+0.8 12.4+1.8

67 Cl OCHg3 10  24.5+0.3 9.5+1.6 63.3+0.5 2.0£0.6
30 235+0.2 13.3+2.2 61.4+2.4 5.0£3.2

68 OCH; F 10  23.8+0.7 12.1+3.9 58.0+3.3 10.0+5.6
30 22.1+0.3 18.4+2.5 59.2+2.1 8.4+3.6

69 OCH; ClI 10  25.6£1.3 5.6+3.9 64.2+3.7 0.6+5.8
30 24.2+04 10.5+3.1 59.7+0.7 7.6£1.5

70 OCH; OCHS3 10 26.1+14 3.7+3.6 68.6+4.5 -5.91+6.3
30 24.0+0.7 11.3+1.1 62.3+1.1 3.6x2.0

71 OCH; H 10 255+04 5735 64.9+2.4 -0.3£3.6
30 24.7+1.2 8.5+4.8 64.6+0.1 0.1+0.4

TFP 3 281+19 -3.4+2.1 80.2+0.8 -27.04.1
10  13.0+0.3 38.3+2.7** 45.0+0.1 27.5+5.8*
30 3.6+0.6 87.1+£2.7** 3.0£0.2 94.3+2.1**

ICsp (MM) 12.2+0.3 13.2+0.7

The neutrophil suspension was preincubated at 37 with 0.5 % DM SO or tested compound
for 3 min in the presence of cytochalasin B 5 ng/ml. Forty-five minutes after the addition of
fMLP (1nM), 3-glucuronidase and lysozyme in the supernatant was determined. Vaues are
presented asmean + SE.,, n=3,* P<0.05, ** P<0.01

TFP (Trifluoperazine): positive control
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Table 19. The inhibitory effects of compounds 34-44 on mast cell degranulation (in
Vitro)

Animal: Rat (Sprague Dawley) Inducer: Compound 48/80 (10
ngy/ml)
Conc. Percent Release
Drugs Ri Ro (MM o e
-Glucuronidase % inhibition Histamine % inhibition
Control 76.5+ 0.7 73.6£1.4
34 F F 10 69.6+ 0.7 9.0+0.4 66.0+1.8 10.2+1.6
30 64.6+£2.6 15.4+3.9 68.5+3.4 6.9+4.4
35 F Cl 10 582+1.4 23.8+2.1* 65.4+1.4 11.0+2.6
30 475+16 37.8+2.6** 46.1+1.3 37.1£2.7%*
36 F OCHg3 10 639+14 16.3+1.8 69.0+2.7 6.2+3.2
30 54.9+20 28.242.7** 64.7+2.5 12.2+2.2
38 Cl F 10 66.6+x0.2 12.8+1.1 70.7+1.6 3.8+2.1
30 46.8+25 38.7+3.6** 56.5+1.4 23.1+1.6*
39 Cl Cl 10 574+ 30 24.3+5.8** 73.0£1.7 1.0+£1.3
30 54.2+55 28.5+9.1** 70.5+1.5 44+15
40 Cl OCH3 10 67.8+18 11.2+3.0 66.7+1.1 9.3+2.3
30 66.9+1.2 12.4+2.1 68.0+0.8 7.5+2.3
41 OCHs; F 10 781+11 -2.1+2.1 73.7+1.6 -0.1+0.2
30 77.8+13 -1.6+x2.0 74.6x£2.0 -1.3+0.8
42 OCH; Cl 10 63.8+20 16.4+3.1 70.3t1.4 44+1.2
30 75.1+03 1.8+0.4 69.7+2.0 5.3+2.8
43 OCHs; OCH; 10 67.3+18 11.9+2.8 72.0+3.5 2.243.3
30 65.3+1.0 14.6+1.4 72.5+1.8 1.5+0.6
44 OCH; H 10 705+ 1.3 7.8+2.0 72.2+0.9 1.9+1.2
30 70.0£1.0 8.4+1.9 74.7+2.9 -1.3+2.1
Mepacrine 10 509+2.1 33.2+2.2** 61.2+1.9 17.0+2.3
30 32.7+0.8 57.0£2.0** 53.9+2.1 26.9+2.9**
300 7.6+x1.2 90.1+1.4** 22.3+2.2 69.8+2.6**
ICs0 (MM) 20.6+1.2 50.1+4.1

The mast cell suspension was preincubated at 37 with 0.5 % DM SO or tested compound
for 3 min. Fifteen minutes after the addition of compound 48/80 (10 ng/ml), 3-glucuronidase
and histamine in the supernatant was determined. Values are presented as mean + SE.,, n= 3,
* P<0.05 ** P<0.01

Mepacrine: positive control
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Table 20. The inhibitory effects of compounds 50-60 on mast cell degranulation (in vitro)

Animal: Rat (Sprague Dawley) Inducer: Compound 48/80 (10 my/ml)

Conc. Percent Release

Drugs R; R> (M) e

[3-Glucuronidase % inhibition Histamine % inhibition

Control 76.5+ 0.7 73.6x1.4

50 F F 10 827+ 15 -8.0+2.9 69.5+2.7 5.6+3.1
30 740+ 1.1 3.3+0.8 67.8+3.8 8.0+3.7

51 F Cl 10 68.9+ 1.5 9.8+2.0 68.1+4.4 7.4+57

30 64.2+12 16.0+1.8 67.9+1.0 7.7+2.2
52 F OCHs 10 70.9+1.0 7.2+1.9 71.8+1.7 2.5+1.3
30 645+19 15.6+3.0 68.2+1.4 1.2+2.2

54 Cl F 10 77.1+41 -0.8+5.9 74.3+5.2 -0.7£5.2
30 695+31 9.0+4.9 73.0£3.4 0.8+2.7
55 Cl Cl 10 743+33 2.8+5.0 70.6+3.4 4.2+2.7

30 67.6+05 11.5+0.9 66.2+2.4 10.0+£2.7
56 Cl OCHs 10 66.1+1.9 13.5+3.1 65.0+3.2 11.7+¢2.9
30 64.2+28 16.0+4.4 63.6+2.5 13.6+2.4

57 OCHsz F 10 658+14 14.0+1.5 73.5+2.6 0.06+3.9
30 71.1+18 7.0£3.1 90.1+3.5 -22.3+3.8
58 OCHz ClI 10 719+11 5.9+2.0 69.7+4.7 5.3+4.9
30 716+05 6.3+1.5 71.1+3.3 3.5+2.6
59 OCHz OCHz3 10 69.4+13 9.1+2.3 77.6+3.4 -5.2+3.1
30 659+26 13.7+4.2 85.0+3.2 -15.4+2.2
60 OCHsz; H 10 781+11 -2.1+2.3 72.0£2.5 2.1+3.4
30 76.6+0.1 -0.1+1.0 78.1+3.0 -6.0+2.3
Mepacrine 10 509+2.1 33.2+£2.2** 61.2+19 17.0£2.3

30 327+08  57.0+2.0%* 53.9+2.1 26.9+2.9%*
300  7.6£12  90.1+1.4%* 22.3+2.2 69.8+2.6* *
1Cs0 (MM) 20.6+1.2 50.1+4.1

The mast cell suspension was preincubated at 37 with 0.5 % DM SO or tested compound
for 3 min. Fifteen minutes after the addition of compound 48/80 (10 ng/ml), 3-glucuronidase
and histamine in the supernatant was determined. Values are presented asmean + SE., n= 3,
* P<0.05 ** P<0.01

Mepacrine: positive control
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Table 21. The inhibitory effects of compounds 61-71 on mast cell degranulation (in vitro)

COOH 3NC(CH,0H)3

Animal: Rat (Sprague Dawley) Inducer: Compound 48/80 (10
ng/ml)
Conc. Percent Release
Drugs R; Ro (M) = e e e
3-Glucuronidase % inhibition Histamine % inhibition
Control 61.6+1.2 65.8+0.7
61 F F 10 56.2+3.9 8.9t4.4 65.3+3.6 0.8+5.3
30 56.3+4.1 8.7+5.1 61.2+3.0 7.0£3.7
62 F Cl 10 51.7+1.3 16.0+2.6 63.6+4.1 3.4+5.6
30 53.7£3.7 12.9+4.4 62.3+2.1 5.3+2.1
63 F OCHjs 10 58.6+3.0 4.8+4.2 66.8+3.3 -1.745.4
30 54.0+5.5 12.4+8.2 60.6+2.7 8.0+3.0
65 Cl F 10 57.0£2.9 7.445.6 64.7+2.2 1.7£2.3
30 52.6+2.5 14.5+5.2 68.1+4.8 -3.446.0
66 Cl Cl 10 56.6+2.0 8.1+4.2 61.8+1.6 6.0+1.4
30 59.5+2.6 3.3+6.2 63.1+1.2 4.0+2.4
67 Cl OCHjs 10 55.2+1.8 10.3+3.1 64.8+2.1 1.5+2.0
30 52.3+1.5 14.9+4.0 60.7+1.7 7.8t15
68 OCHs; F 10 58.8+1.2 46x1.0 70.9+0.1 -7.8+1.2
30 51.9+3.3 15.9+3.7 77.5+1.4 -17.7+1.2
69 OCH; ClI 10 59.5+2.3 3.4+25 64.0+3.0 2.8+3.4
30 51.5+3.0 16.3+4.4 61.4+1.8 6.8+1.9
70 OCHsz OCH;3 10 61.2+3.3 0.6+4.7 65.0+2.7 1.2+2.9
30 58.8+3.1 4.6+3.1 61.5+1.9 6.5+1.8
71 OCHs; H 10 549+1.4 10.8+1.8 64.7+1.0 1.6+£0.6
30 52.6+1.9 14.8+1.9 64.6+1.8 1.8+2.1
Mepacrine 10 46.3+1.1 24.6x0.7**  50.9+2.0 22.5+1.8**
30 28.2+0.5 54.0+05** 35.3x1.4 45.4+1.2%*
300 8.9+0.8 85.4+1.7**  13.1+0.5 79.7+0.5**
ICsp (M) 25.7+0.6 31.6x1.0

The mast cell suspension was preincubated at 37 with 0.5 % DM SO or tested compound
for 3 min. Fifteen minutes after the addition of compound 48/80 (10 ng/ml), 3-glucuronidase
and histamine in the supernatant was determined. Values are presented asmean + SE., n =3,
* P<0.05 ** P<0.01

Mepacrine: positive control
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Table 22. The inhibitory effects of compounds 34-44 on accumulation of nitrite in medium

Cdl linee RAW 264.7 cells Inducer: LPS (1 ng/ml)
Cdl line: N9 cells Inducer: LPS (10 ng/ml)+ IFN-g (10
U/ml)
Conc. Nitrite accumulation  (vM)
Drugs Ri R2 (M) oo -
RAW % inhibition N9 % inhibition
Control 55.8+0.2 47.0+0.3
34 F F 10 56.2+0.4 -0.6x1.2 46.5+0.3 0.9+15
30 55.1+0.5 1.4+1.3 45.1+0.3 3.8+0.6
35 F Cl 3 -- 48.740.4  -3.7+1.6
10 55.1+0.6 1.4+0.8 50.8+1.2 55.1+0.6
30 53.8+0.2 3.7+0.4 Cytotoxic
36 F OCH3 3 -- 51.2¢0.2 -8.9+0.5
10 56.2+0.2 -0.5+£0.5 48.4+1.0 56.2+0.2
30 52.3+0.5 6.3+1.2 Cytotoxic
38 Cl F 10 53.1+3.1 4.9+5.2 50.6£0.9 -7.7+2.2
30 53.2+0.4 4.8+0.4 39.6+1.1  15.7+2.5**
39 Cl Cl 3 -- 50.6£0.8 -7.6+1.1
10 56.6+0.6 -1.3+0.8 46.6+09 0.8+1.6
30 49.6+0.7 11.2+0.9 Cytotoxic
40 Cl OCHs; 10 55.8+0.6 0.1+0.8 46.1+0.7 1.7+1.8
30 52.1+1.0 6.8+2.2 424406  9.6+0.7
41 OCH; F 10 54.1+0.3 3.2+£0.3 46.1+0.1  1.8+0.7
30 52.6+0.5 5.8+1.2 435+1.1 7.4+3.1
42 OCH; CI 10 52.8+0.4 5.6+0.6 48.0+1.0 -2.1+21
30 52.0+0.3 6.8+£0.9 37.2¢1.3  20.7+2.8**
43 OCHs;  OCHs3 3 -- 52.1+1.6  -10.9+3.2
10 54.9+0.1 1.7¢0.5 49.8+09 -6.1+24
30 53.9+1.3 3.4+2.7 Cytotoxic
44 OCHs; H 10 53.6+0.3 4.1+0.8 46.0+05 2.1+0.7
30 51.8+0.1 7.2+0.3 39.8+1.0 15.2+2.0**
1400W (0.1 51.3+0.1 8.0+0.4 40.3+0.3 14.1+1.3*
(@) 35.2+0.3 36.9+0.5** 29.1+05  37.9+0.8**
10 19.5+0.1 64.9+0.2** 12.1+0.2  74.2+0.6**
ICsp (M) 2.9+0.1 1.8+0.1

* P<0.05 ** P<0.01; N = 3; %, not determined
1400W: N-(3-Aminomethyl)benzylacetamidine as positive control

82



Table 23. The inhibitory effects of compounds 50-60 on accumulation of nitrite in medium

Cdl line RAW 264.7 cdlls Inducer: LPS (1 ng/ml)
Cdll line: N9 cells Inducer: LPS (10 ng/ml)+ IFN-g (10
U/ml)

Conc. Nitrite accumulation (V)

Drugs Ry Ro (MM) e

RAW % inhibition N9 % inhibition

Control 55.8+0.2 47.0£0.3

50 F F 10 55.1+1.0 1.3t14 42.1+0.9 10.2+1.9
30 52.8+0.1 5.3+0.2 40.5+£0.6 13.8+0.7*

51 F Cl 10 54.3+0.2 2.7+0.6 44.7+0.9 4.7+1.7
30 53.4+0.5 4.3+0.9 43.7+0.6 7.0£1.3

52 F OCH; 10 56.6+0.4 -1.2+0.5 45.9+0.3 2.311.3
30 53.6+0.4 41+1.1 37.2+0.4 20.7+0.8**

54 Cl F 10 56.5+0.2 -1.0£0.8 48.0£0.1 -2.2+0.6
30 56.8+0.6 -1.6+1.3 46.8+0.2 0.4+1.2

55 Cl Cl 10 57.6+0.1 -3.2+0.1 48.9+0.8 -4.1+1.1
30 57.8+0.8 -3.4+£1.3 52.4+0.2 -11.5+1.2

56 Cl OCH; 3 -- -- 46.0+£0.3 2.1+0.6
10 53.6+0.2 53.6+0.2 36.6+1.0 22.1+2.2**
30 53.7+0.3 53.7+0.3 Cytotoxic

57 OCHs; F 3 -- 37.1+0.2 20.9+0.1**
10 54.2+0.1 3.0£04 Cytotoxic
30 50.8+0.6 9.1+15 Cytotoxic

58 OCH; ClI 10 56.1+0.2 -0.4+0.7 46.6+0.2 0.8+1.2
30 55.3+0.4 0.9+0.5 50.1+0.1 -6.6+0.7

59 OCH; OCH; 3 -- 44.8+0.6 4.6+1.6
10 54.9+0.1 1.7+0.5 Cytotoxic
30 53.9+1.3 3.4+2.7 Cytotoxic

60 OCHs; H 10 54.6+0.2 2.1+0.6 44.7+0.4 4.8+1.0
30 53.5+0.2 4.2+0.8 42.9+0.7 8.7+1.2

1400W 0.1 51.3+0.1 8.0+0.4 40.3+0.3 14.1+1.3*
1 35.2+0.3 36.9+0.5**  29.1+0.5 37.9+0.8**
10 19.5+0.1 64.9+0.2**  12.1+0.2 74.2+0.6**

ICsp (MM) 2.9+0.1 1.8+0.1

* P <0.05,** P<0.01; N = 3; %, not determined
1400W: N-(3-Aminomethyl)benzylacetamidine as positive control
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Table 24. The inhibitory effects of compounds 61-71 on accumulation of nitrite in medium

COOH 3NC(CH,0H)3

Cdl line: RAW 264.7 cells Inducer: LPS (1 ng/ml)
Cdl line: N9 cells Inducer: LPS (10 ng/ml)+ IFN-g (10
u/ml)
Conc. Nitrite accumulation  {riM)
Drugs Rg R> (MM) e
RAW % inhibition N9 % inhibition
Control 55.8£0.2 47.0+0.3
61 F F 3 -- 46.0+0.3  2.0£15
10 51.6+0.2 7.6£0.3 442+1.2  5.8+29
30 53.5+0.3 4.2+1.0 Cytotoxic
62 F Cl 10 53.4+0.5 4.4+0.8 452+0.1  3.8t05
30 52.8+0.5 5.5+0.6 45.6£0.7  2.9+19
63 F OCH; 10 54.7+0.9 2.1+1.2 42.6+0.8  9.3t18
30 53.3£0.3 4.5+0.4 42.0+0.2 10.5+0.7
65 Cl F 10 55.5+0.9 0.6x2.0 46.0+0.1  2.0+£0.8
30 54.4+0.3 2.6£0.9 42.4+0.2  9.7¢05
66 Cl Cl 3 -- 49.4+1.3  -51+26
10 54.5+2.6 2.445.1 50.1+1.2  -6.6x2.3
30 56.9+0.1 -1.8+0.6 Cytotoxic
67 Cl OCH; 10 56.3+0.4 -0.8+1.1 46.4+0.3  1.1+14
30 54.8+0.1 1.8£0.5 46.0£0.2  2.0+04
68 OCHs F 3 -- 39.1+0.3  16.7£0.3**
10 52.7+0.6 57+1.4 35.4+0.8  24.6+2.2**
30 55.5+0.3 0.6+£0.3 Cytotoxic
69 OCH; Cl 10 57.3t0.2 -2.5£0.2 49.4+08  -5.2+1.0
30 56.4+0.7 -1.1+14 49.1+0.6 -4.6x14
70 OCHs; OCHs; 10 58.2+0.2 -4.2+0.7 48.0+0.3 -2.2+04
30 56.4+0.7 -1.1+1.7 46.6£t05  0.8+0.4
71 OCH; H 10 53.2+0.5 47+1.2 45.5£0.1 3.1£0.8
30 53.1+0.7 4.9+1.6 46.1+0.7 1.7£1.2
1400W 0.1 51.3+0.1 8.0+0.4 40.3t0.3  14.1+1.3*
1 35.2+0.3 36.9+0.5** 29.1+0.5  37.9+0.8**
10 | 19501 64.9+0.2** 12.1+0.2  74.2+0.6**
ICsp (MM) 2.9+0.1 1.8£0.1

*P<0.05 ** P<0.01; N = 3; %, not determined
1400W: N-(3-Aminomethyl)benzylacetamidine as positive control
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Table 25. The inhibitory effects of compounds34-44 on TNF-a formation in medium

Cdl line: Raw 264.7 cdlls

Cdl line N9 cdls
U/ml)

Inducer: LPS (1 mg/ml)
Inducer: LPS (10 ng/ml)+ IFN-g (10

Conc TNF-a formation (ng/ml)
Drugs R; Ro (MM e
RAW % inhibition N9 % inhibition
Control 75.1+4.9 2.6520.05
34 F F 30 60.1+9.1 19.6+125 1.78+0.05 32.7+2.9*
35 F Cl 10 -- 2.60+0.09 1.9+2.7
30 57.1+2.8 22.9+8.2 Cytotoxic
36 F OCH; 10 -- 2.44+0.12 7.8+3.0
30 66.4+6.3 10.9+10.0 Cytotoxic
38 Cl F 30 44.0£9.3 42.5£8.4** 2.13+0.25 19.9+8.3
39 Cl Cl 10 - 3.02+0.04 -14.2+2.6
30 58.1+9.2 23.5+6.9 Cytotoxic
40 Cl OCH; 30 53.7+6.6 31.9+3.1*  1.98+0.06 24.9+2.3
41 OCHs F 30 66.2+2.3 10.9+7.2 2.14+0.17 19.2+55
42 OCH; CI 30 82.0+5.0 -10.3+10.6 2.37+0.25 10.6+7.7
43 OCH; OCHs; 10 -- 3.01+0.15 -13.4+4.4
30 79.6+4.1 -7.0£9.7 Cytotoxic
44 OCHs H 30 46.4+8.9 39.2+7.4**  2.48+0.16 6.5+4.2
Dexamethasone 0.01 58.1+3.9 22.4+4.8 1.82+0.01 31.1+0.9*
0.1 41.8+2.9 42.5£2.0** 1.12+0.04 55.6+2.4**
1 33.6+6.0 55.4+9.5**  0.69+0.02 72.9+0.9**
ICgp (MM) 0.42+0.12 0.074+0.01

N=3;*P<0.05, ** P<0.01; --, not determined

Dexamethasone: positive control
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Table 26. The inhibitory effects of compounds50-60 on TNF-a formation in medium

Cdl line Raw 264.7 cells
Cdl linee N9 cdlls

Inducer: LPS (1 ng/ml)
Inducer: LPS (10 ng/ml)+ IFN-g (10

U/ml)
Conc. TNF-a formation (ng/ml)
Drugs Ry R, (I’TM) -------------------------------------------------------------------------
RAW % inhibition N9 % inhibition
Control 75.1+4.9 2.65+0.05
50 F F 30 58.9+4.3 21.2+6.3 2.05+0.12 22.6+3.4
51 F Cl 30 77.4+£3.7 -3.8+8.1 2.48+0.05 6.4+0.1
52 F OCHs; 30 65.0+9.0 15.1+2.6 1.92+0.15 27.4+6.4
54 Cl F 30 56.1+13.7 26.9+13.9 3.38+0.08 -27.5+1.0
55 Cl Cl 30 48.2+9.2 36.7+7.8* 3.61+£0.15 -36.2+5.9
56 Cl OCHs; 10 -- 2.84+0.32 -6.7£85
30 73.8t14.4 7.0£11.1 Cytotoxic
57 OCH; F 3 -- 2.26+0.08 15.2+7.8
10 -- Cytotoxic
30 80.7+1.4 -8.1+5.0 Cytotoxic
58 OCH; CI 30 87.1+10.4 -15.74£11.7  3.10+£0.11 -16.9+2.7
59 OCH; OCH; 3 -- 2.74+0.20 -3.1+6.6
10 -- Cytotoxic
30 86.6+7.5 -15.0+4.4 Cytotoxic
60 OCHs; H 30 76.6+£2.4 -3.1+8.0 2.67+0.06 -0.8x1.5
Dexamethasone 0.01 58.1+3.9 22.4+4.8 1.82+0.01 31.1+0.9*
0.1 41.8+2.9 42.5+£2.0**  1.12+0.04 55.6+2.4**
1 33.6+6.0 55.4+9.5**  0.69+0.02 72.9+0.9**
ICsp (MM) 0.42+0.12 0.074+0.01

N=3;* P<0.05,** P<0.01; --, not determined
Dexamethasone: positive control
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Table 27. The inhibitory effects of compounds 61-71 on TNF-a formation in medium

Cdl line: Raw 264.7 cdlls
Cdl linee N9 cdlls

COOH gNC(CH,0H)3

Inducer: LPS (1 nmg/ml)
Inducer: LPS (10 ng/ml)+ IFN-g (10

u/ml)
Conc TNF-a formation (ng/ml)
Drugs R; R> (MM) e
RAW % inhibition N9 % inhibition
Control 91.8+0.8 3.02+0.03
61 F F 10 -- 2.87+0.07 4.3+5.1
30 95.2+7.2 -3.7£8.6 Cytotoxic
62 F Cl 30 87.5+4.8 45+6.2 3.11+0.11 -2.8+2.9
63 F OCHsz 30 88.8+4.8 3.245.0 2.81+0.08 7.0£3.3
65 Cl F 30 99.7+2.0 -8.6+3.1 2.77+0.12 8.3+4.9
66 Cl Cl 10 -- 3.40+0.12 -12.2+3.3
30 104.9+5.9 -14.2+6.3 Cytotoxic
67 Cl OCHsz; 30 102.7+8.3 -12.0+10.0 3.04+0.14 -0.445.7
68 OCHs F 10 -- 1.83+0.03 39.3+0.8*
30 90.7+10.4  1.3+10.6 Cytotoxic
69 OCH; Cl 30 96.9+5.8 -5.5+6.3 3.67+0.30 -21.5+11.0
70 OCHs; OCHs 30 113.3+4.5 -23.5+5.9 3.37+£0.15 -11.3+4.5
71 OCHs; H 30 98.1+0.8 -6.8+1.7 2.80+0.08 7.3t3.4
Dexamethasone 0.01 71.4+2.1 22.4+4.8 2.07+0.01 31.1+0.9*
0.1 51.2+2.0 42 .5+2.0%* 1.28+0.04 55.6+2.4**
1 41.1+2.9 55.4+9.5** 0.79+0.02 72.9+0.9**
ICsg (MM) 0.42+0.12 0.074+0.01

N=3;* P<0.05,** P <0.01; --, not determined
Dexamethasone: positive control
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2-phenyl-4-quinolone
-COOH  2-phenyl-4-quinolone-3-carboxylic acid
1946 R.C. Elderfidd

Cl 4 de-carboxylate

3',6-difluoro-2-phenyl-4-quinolone (46)  3'-cloro-6-fluoro-2-phenyl-4-quinolone  (47)

6-fuoro-3'-methoxy- 2-phenyl-4-quinolone (48) 3',6-dichloro-2-phenyl-4- quinolone (49)
I [ 6

MCF HOS KB KB-VIN SK-MEL HCT-8 PC-3
IA9 HT-29
SAR 6 -OCH3 3 F 3’ -fluoro-6- methoxy
-2-phenyl-4-quinolone-3-carboxylic acid 57

6,7-methylenedioxy- 2-(3'-fluorophenyl)-4-quinolone A superimpose
C
57
57 68 39  human cancer cell
line OVCAR-4
Finger print 57
navelbine (R=0.512)

57 tromethamine 68 OVCAR-4 HGC2998
57 68 PC-3 HL-60
G2/M phase arrest 57 68

57 68
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(pharmacophore)
ligand-based drug design 2-phenyl-4-quinolone
pharmacophore hydrogen bond acceptor

hydrophobic group model

57

46-49

46 R=F,R=F
47 R=F,R =Cl
48 R=F R =0CH,4
49 R=Cl,R =Cl

@
COOH ;NC(CH ,0H)3
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2

Merck
Diethyl malonate
4-Fluoroaniline
4-Chloroaniline
4-Methoxyaniline
Glacia acetic acid
Hydrochloric acid
Sodium hydroxide

Acros
m-Anisoyl chloride
3-Chlorobenzoyl chloride
3-Fuorobenzoyl chloride

Osaka
Hydrochloric acid

Merck
Acetone
Benzene
Chloroform
Chloroform-d
Dimethylsulfoxide-ds
Ethyl acetate
Methanol

95 % Ethanol

Yanaco MP-500D
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Shimadzu UV-160A UV-visible Recording

Spectrophotometer
()
Nicolet Impact 400 FT-IR Spectrophotometer ~ Spectrum
One FT-IR Spectrometer (KBr)
(polystyrene) (9
()
EIMS VG Platform  GC-MS instrument 70 ev m/z
FAB JEOL SX/SX 102A Tandem Mass Spectrometer
()
13 Bruker DPX-200 FT- Bruker Avance 400 NMR
Spectrometer o (ppm ) (chemical shift)
(coupling constant)  J Hz S (singlet) d
(doublet) t (triplet) q (quartet) m (multiplet) br
(broad) dd (double doublet) ddd (double double doublet)
()
Heraeus CHN-OSRAPID (
) +0.4
()
E. Merck TLC Aluminium Sheets Silica gel 60 Fs4 plate
pre-coated 25 sheets 20 cm x20 cm  layer thickness 0.2 mm
()

E.Merck Silica gel 60 (70-230 mesh)

()

91



254 n$m 366 nm

Workstation (Silicon Graphics, USA)
GDM-17E21 (Silicon Graphics, USA)
CPU: R5000 (Silicon Graphics, USA)

(1) Catalyst 4.0 (Polygen | Molecular Simulations Inc., USA)
(2) Insight 11 97.0(Polygen / Molecular Simulations Inc., USA)
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3-Substituted-N-(4-Substituted phenyl)benzamide (9-20)

3-Fluor ophenyl-N-(4-fluor ophenyl)benzamide (9)
4-fluoroaniline (11.11 0.1 ) 1000
3-fluorobenzoyl chloride (7.93 0.05 ) 3
9 9.32
80%

3-Chlor ophenyl-N-(4-fluor ophenyl)benzamide (10)
4-fluoroaniline 11.11 0.1 3-chlorobenzoyl chloride 8.81 0.05
9 10
9.59 77 %

3-M ethoxyphenyl-N-(4-fluor ophenyl)for mamide (11)
4-fluoroaniline 1111 0.1 3- methoxybenzoyl chloride 8.53
0.05 9 1
(7.19 75 %)

N-(4-Fluor ophenyl)benzamide (12)
4-fluoroaniline 11.11 0.1 benzoyl chloride 7.03 0.05
9 12
(8.28 77 %)

3-Fluor ophenyl-N-(4-chlor ophenyl)benzamide (13)
4-chloroaniline 12.70 0.1 3-fluorobenzoyl chloride 7.93 0.05
9 13
10.21 82%

3-Chloro-N-(4-chlor ophenyl)benzamide (14)
4-chloroaniline 12.71 0.1 3-chlorobenzoyl chloride 8.82 0.05
9 14
10.64 80 %

3-Methoxyphenyl-N-(4-chlor ophenyl)benzamide (15)
4-chloroaniline 12.72 0.1 3- methoxybenzoyl chloride 8.53
0.05 9 15
9.92 76%

3-Fluor ophenyl-N-(4-methoxy phenyl)benzamide (16)
p-anisdine 12.3 0.1 3-fluorobenzoyl chloride 7.93 0.05
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10.78 88%

3-Chlorophenyl-N-(4-methoxy phenyl)benzamide (17)
p-anisdine 12.3 0.1 3-chlorobenzoyl chloride 8.82 0.05
9 17
10.57 81%

3-M ethoxyphenyl-N-(4-methoxy phenyl)benzamide (18)
p-anisdine 12.3 0.1 1000
3-methoxybenzoyl chloride 8.53 0.05 9
18 10.02 78%

N-(4-M ethoxyphenyl)benzamide (19)
p-anisdine 12.3 0.1 benzoyl chloride 7.03 0.05

9 19 9.65
85 %

N-Phenylbenzamide (20)
aniline  9.23 0.1 benzoyl chloride 7.03 0.05
9 20 8.13
82 %
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Ethyl 3',6-substitued-2-phenyl-4-quinolone-car boxylates (34-45)

Ethyl 3',6-difluor o-2-phenyl-4-quinolone-3-car boxylate (34)
3',6-difluor o-2-phenyl-4-quinolone (46)

9 233 0.01 PCls 2.24 0.01
70-80 110
110 POCl3
carboximidoyl chloride 9a 211 0.09
50 diethyl malonate 4.80
0.03 50 1
sodium diethyl malonate 21
21 9a 110
4
(22) 22
150-170 2
2
(CHCk : CoHsOH =400: 7) 34
1.25 38 % 46 054 21

%

Ethyl 3'-chloro-6-fluor o-2-phenyl-4-quinolone-3-car boxylate (35)
3'-clor 0-6-fluoro-2-phenyl -4-quinolinone (47)

10 2.50 0.01 PCls 2.24 0.01 34
CHCk : CoHsOH =100 :
1 35 121 35 %
47 0.82 30 %

Ethyl 6-fluoro-3'-methoxy-2-phenyl-4-quinolone-3-car boxylate (36)
6-fuor 0-3'-methoxy-2-phenyl-4-quinolone (48)

11 245 001 PCls 224 001 34
(CHCE : CoHsOH = 200 : 1)
36 1.09 32 %
48 0.67 25 %

Ethyl 6-fluor o-2-phenyl-4-quinolone-3-car boxylate (37)
12 645 0.03 PCls 6.35 0.03 34
(CHCL : C;HsOH =200: 1)
37 4.29 46 %

Ethyl 6-chloro-3'-fluor o-2-phenyl-4-quinolone-3-car boxylate (38)
13 7.49 0.03 PCls 6.35 0.03 34
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(CHCE : CoHsOH = 100 : 1)
38 5.01 57 %

Ethyl 3', 6-dichloro-2-phenyl-4-quinolone-3-car boxylate (39)
3',6-dichloro-2-phenyl-4-quinolone (49)

14 812 003 PCls 635  0.03 34
(CHCk : CoHsOH = 400: 7)
39 4.89 45
49 0.87 30 %

Ethyl 6-chloro-3'-methoxy-2-phenyl-4-quinolone-3-car boxylate (40)
n 7.85 0.03 PCls 6.35 0.03 34
(CHCk : CoHsOH =400: 7)
40 5.80 54 %

Ethyl 3'-fluor 0-6-methoxy-2-phenyl-4-quinolone-3-car boxylate (41)
16 10.55 0.04 PCls 8.96 0.04 34
(CHCk : C;HsOH =80: 1)
41 0.86 63 %

Ethyl 3'-chloro-6-methoxy-2-phenyl-4-quinolone-3-car boxylate (42)
17 7.85 0.03 PCls 6.35 0.03 34
(CHCk : C;HsOH =80: 1)
42 6.65 62 %

Ethyl 3',6-dimethoxy-2-phenyl-4-quinolone-3-car boxylate (43)
18 7.72 0.03 PCls 6.35 0.03 34
(CHCk : C;HsOH =100: 1)
43 6.25 59 %

Ethyl 6-methoxy-2-phenyl-4-quinolone-3-car boxylate (44)
19 6.82 0.03 PCls 6.35 0.03 34
(CHCk : C;HsOH =100: 1)
44 5.72 59 %

Ethyl 2-phenyl-4-quinolone-3-car boxylate (45)
20 5.92 0.03 PCls 6.35 0.03 34
(CHCk : C;HsOH =100
13) 45 4.22 48 %
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3 ,6-Substitued-2-phenyl-4-quinolone-3-car boxylic acids (50-60)
3',6-Difluor 0-2-phenyl -4-quinolone-3-car boxylic acid (50)
34 0.99 0.003 100 10 Sodium hydroxide
TLC

50 0.78 86 %

3'-Fluor 0-6-chlor 0-2-phenyl-4-quinolone-3-car boxylic acid (51)
35 104 0.003 100 10 Sodium hydroxide
50 51
90 %

6-Fluor o-3'-methoxy-2-phenyl-4-quinol one-3-car boxylic acid (52)
36 1.02 0.003 100 10 Sodium hydroxide
50 52
89 %

6-Fluoro-2-phenyl-4-quinolone-3-car boxylic acid ethyl ester (53)
37 0.93 0.003 100 10 Sodium hydroxide
50 53
89 %

6-Chlor0-3'-fluor 0-2-phenyl-4-quinolone-3-car boxylic acid (54)
38 173 0.005 100 10 Sodium hydroxide
50 54
88 %

6-Chlor 0-3'-chlor 0-2-phenyl-4-quinolone-3-car boxylic acid (55)
39 181 0.005 100 10 Sodium hydroxide
50 55
91 %

6-Chloro-3'-methoxy-2-phenyl-4-quinolone-3-car boxylic acid (56)
40 1.79 0.005 100 10 Sodium hydroxide
50 56
89 %

3'-Fluor 0-6-methoxy- -2-phenyl-4-quinolone-3-car boxylic acid (57)
41 171 0.005 100 10 Sodium hydroxide
50 57
93 %
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3'-Chlor 0-6-methox y-2-phenyl-4-quinolone-3-car boxylic acid (58)
42 1.79 0.005 100 10 Sodium hydroxide
50 58 1.48
90 %

3', 6-Dimethoxy-2-phenyl-4-quinolone-3-car boxylic acid (59)
43 1.63 0.005 100 10 Sodium hydroxide
50 59 1.50
92 %

6-M ethoxy-2-phenyl-4-quinolone-3-car boxylic acid (60)
44 1.62 0.005 100 10 Sodium hydroxide
50 60 1.26
85 %
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3 ,6-Substitued-2-phenyl-4-quinolone-3-car boxylic acid tromethamine
salts (61-71)

3',6-Difluor o-2-phenyl-4-quinolone-3-car boxylic acid tromethamine salt (61)

50 0.30 0.001 n-BuCl tromethamine
0.12 0.001 butyl chloride/methanol (4 1)
61 0.40 94 %

3'-Fluor 0-6-chlor 0-2-phenyl-4-quinolone-3-car boxylic acid tromethamine salt (62)

51 0.32 0.001 61
62 0.41 93 %

6-Fluor 0-3'-methoxy-2-phenyl-4-quinolone-3-car boxylic acid tromethamine salt (63)

52 031 0.001 61
63 0.40 93 %

6-Fluor o-2-phenyl-4-quinolone-3-car boxylic acid ethyl ester tromethamine salt (64)

53 0.28 0.001 61
64 0.36 89%

6-Chlor0-3'-fluor o-2-phenyl-4-quinolone-3-car boxylic acid tromethamine salt (65)

54 0.32 0.001 61
65 0.41 93 %

6-Chlor 0-3'-chlor 0-2-phenyl-4-quinolone-3-car boxylic acid tromethamine salt (66)

55 0.33 0.001 61
66 (0.43 % )

6-Chlor 0-3'-methoxy-2-phenyl-4-quinolone-3-car boxylic acid tromethamine salt (67)

56 0.33 0.001 61
67 041 92 %

3'-Fluor 0-6-methoxy-2-phenyl-4-quinolone-3-car boxylic acid tromethamine salt (68)
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57 157 0.005 61
68 2.04 94%

3'-Chlor 0-6-methox y-2-phenyl-4-quinolone-3-car boxylic acid tromethamine salt (69)
58 0.33 0.001 61

69 0.42 94 %

3', 6-Dimethoxy-2-phenyl-4-quinolone-3-car boxylic acid tromethamine salt (70)
59 0.33 0.001 61
70 0.42 93 %

6-M ethoxy-2-phenyl-4-quinolone-3-car boxylic acid tromethamine salt (71)
60 0.30 0.001 61
71 0.39 93 %
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NCI

NCI)
MTT
formazan
B
NCI

COMPARE

(high flux)

XTT
tetrazolium salt

39
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PC-3 CCRF-CEM MDA-MB-231
PC-3 CCRF-CEM MDA-MB-231

PC-3
CCRF-CEM MDA-MB-231
MTT assay
serum 57 24 100u |
0.5mg/ml MTT solution  culture medium 37 1
DMSO 10 enzyme- linked immunosorbent assay (ELISA)
readler 550 nm standard
curve DMSO 0.1%
L DH release assay
apoptosis Necrosis necrosis
apoptosis
lactate dehydrogenase LDH LDH
Necrosis
flow cytometry
57 70% v/v ethanaol resuspension
-20 30 0.2 ml DNA propidium iodide
staining buffer 30 FACScan Cell
Quest program Becton Dickinson DNA GO/G1 peak
2N ub-G1 DNA 10,000
HL-60 (cell cycle) 13
HL-60 cells (1x10° /mL) 24-well ImL/well
2- phenyl-4-quinol one-3-carboxylic acid 37 95 %
5% COz cdl cycle

well 800 L (2200 r.p.m., 5 min) 200 mL
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HBSS (Hanks  baanced sdt

ethyl]piperazine-N'-[ 2-ethanesulfonic acid] HEPES

(2200 r.p.m., 5 min)
-20
200 L. HBSS

cell cycle reaction strain solution

(FAC Scan)

Sprague Dawley, 300-350 g
100 mM EDTA

solution)

10 mM  N-[2-hydroxy
pH 7.4 NaHCO3
70 EtOH
(1200 r.p.m., 5 min)
(1200 r.p.m., 5 min)
30
ModFit 124

pentobarbital 60 mg/kg

dextran

400g 10

Ficoll-Hypage
HBSS 700g 10

126127

NaCl solution 1.75%

cells/ml
2.

(A) Neutrophil degranulation method
(1)B-Glucuronidase 128
fMLP (1uM) 45
1000 g

phenol phthalein-3-D-glucuronide
(3-glucuronidase
(2)Lysozyme 129

(3-glucuronidase
lysodeikticus

[3-glucuronidase  lysozyme

500g 30 125
NaCl solution 0.05%
0.25% bovine serum albumin BSA

HBSS 1x10
95%
DMSO 37
Tyrode' s solution
[3-glucuronidase
550 nm
lysozyme Micrococcus
450nm
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rel ease%=[(rel ease elicited by secretagogue-spontaneous rel ease)/total
content] x100 %

total content Triton X-100

(B) Superoxide formation method

(1) Superoxide anion

2x10 cellgml ferricytochromec 0.5 mg/ml
37 3 fMLP 0.3uM
30 6.6p g/ml  superoxide dismutase
SOD 550 nm SOD ferricytochrome c
10 dihydroxyfumaric acid DHF 0.891
mM DHF  0.274 mM nitrobule tetrazolium NBT 6.6 pg/ml
SOD 560 nm SoD NBT 131
()
1
exsanguinated rats  Sprague-Dawley 250~300 g 10ml
Tyrode' ssolution A 1~2 38%
Tyrode s solution B 1~1.5x10
132-133 134
2.
(A) Mast cell degranulation method
(1) Histamine 135
DMSO 37 3
compound 48/80 10 mg/ml 15 Tyrode' s solution
1000 g
O-phthaldhyde 350/450 nm

*Compound 48/80 apolymer of N-(p-methoxyphenylethyl) methylamine with formaldehyde

(2) R-Glucuronidase 128

histamine (3- glucuronidase
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phenol phthalein-13-D-glucuronidase 550 nm

[3-glucuronidase

Histamine  3-glucuronidase
Release%= release elicited by secretagogue-spontaneousrelease  /total content x100
total content Triton X-100

( )NO nitric oxide TNF-a

1.
(1) Iscove s Modified Dulbecco’ s Medium fetal bovine serum, FBS
Gibco BRL Gaithersburg
(2) TNF-a enzyme immunoassay EIA kit GenzymeCo. MA
3 -y  mouse interferony  IFN-y R&D Systems MN
(4) RAW 264.7 mouse macrophage-like cell line American Type Culture Collection
MD.
(5) Dulbecco’ s Modified Eagle Medium DMEM fetal calf
serum Gibco BRL  Gaithersburg
(6) Sigma St Louis, MO.
2. 136
Murine microglia cell lines N9 2% FBS Iscove’ sModified
Dulbecco’ s Medium 37
100 ng/ml LPS (Escherichia coli, serotype 0111 B4) 100U/ml INF-?
24 -70
3.NO 187
40p 1 5mM  sulfanilamide 10u | 2M HCI 20p | 40 mM
naphthylethylenediamine 150u | 10 microplate

550 nm NaNO>
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4. TNF-a
TNF-a TNF-aenzyme immunoassay EIA kit

ADP serotonin collagen
Thrombin collagen ADP platelet-activating factor (PAF)  thromboxane A,

GTP-binding protein (G protein)

G protein phospholipase C (PLC) inositol phospholipids
(intracellular messengers) inositol-1,4,5-triphosphate
(1Ps) Ca2+ 1,2-diacyglycerol (DG) IPs Ca2+ dense tubular
membrane vesicle Ca2+ phospholipase A;
phospholipid arachidonic acid (AA) PAF AA cyclooxygenase
prostaglandin endoperoxides thromboxane synthetase
TXA, (Fig. 11)

thrombin AA collagen PAF

(1) Callage (bovin tendon) 15 mM 4
1mg/ -70
(2 PAF CCly -20

(3) ADP (adenosine diphosphate)  sodium arachidonate
(Platelet suspension)
18

Maitou et al 100mM  EDTA 1:14 (viv)
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120xg 10

500 xg 10 EDTA  bovin serum albumin (3.5
mg/ ) Tyrode 10
EDTA  Tyrode Coulter counter (Model ZM)

45x10° | 1 ca 30

Tyrode bovin serum albumin (mM) NaCl (136.9) KCI

(27) MgCh (2.1) NaH,PO4(0.4) NaHCOs(11.9) glucose (11.1)

ATP
Born and Cross (1963)139
1020, Payton, Cadana) 0.4
900
37

04) =

(%) Tyrode
Luciferase-luciferin 25
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Gingerdione Ferulamide
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(Zingiber officinale)

Thresh 1879 (Zingiber officinale Roscoe) *
1917~1918 Nomura Nelson zingerone gingerols shogaols

2-3

zingerones gingerols shaogaols gingerdiones
4-5

o O OH
RO eeo (CHINCHa
HO HO
Zingerone Gingerol
o) O O
o = (CH2)nCHs Hﬁojg/\)‘\)l\(cm)ncm
HO HO
Shaogaol Gingerdione
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Zingerone gingerol shogoal

—zingerone gingerols shaogaols 1917~1918 Nomura

Nelson Nomura Lapworth K. Banno
°® 1979 D.Enders

. 14 15-19

gingerol
Banno Whiting o vanillin  acetone Banno
acetone silyl enol Scheme 1 Whiting

Aldol condensation Scheme2 Banno

Whiting Zingerone gingerol shogoal

o)
HsCO CHO - HaCO
O:O/ R F3-OEt, N
* C% RT
H Hz CHs o HO

89 %
OSi(CHg)3

O
HzCO . HiCO
H2 2 (CH3)3S| CI (:HZ
—_— _—
Raney Ni 2 n-BuLi _
HO THF (CHg)3S

Zingerone 75 % 69 %

(@] OH
H3CO
1) CH 3(CH 2)4CHO (CHZ) 4CH3 - H 20
> e —
2) H,0 H TsOH

[6]-Gingerol 92 %

HsCO
€ 7~ N(CH2)4CH3

HO

[6]-Shaogaol 95 %
Scheme 1
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H,CO CHO O
j@/ )J\ 10% NaOH
_— >
HO
82 %
0]
HsCO HsCO
H, (CH:SC
Raney Ni HN(SI(CH 3)3)2
H3)3S|O

HO
Zingerone 96 % 8%

H,CO
1) LDA (CH2)4CH3
2) CH 4(CH 2)4CHO

3H0" 6]-Gingeral 53 %

Scheme 2

m



Gingerdione

10
1976 P.Denniff D.A.Whiting [6]-gingerdione 1991 |. Kazuhito O.

13
Hiroyuki [10]-gingerdione ketone imidazolamide

0 N O
HzCO :\,Nf”3 R
3 X _
BuLi, (Me,CH),NH
HsCOH,CO
@) @)
HsCO ~ red
R 2) HJ/Pd(C)
H3COH,CO
@) @)
HsCO R [6]-gingerdione R = (CH,),CH.
[10]-gingerdione R = (CH,)gCH-
HO

Scheme 3
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(Zingiber officinale Roscoe)

21

zingerone gingerol shaogaol gingerdione
[6]-shaogaol [6]-gingerol

[6]-gingesulfonic acid *
[6]-shaogaol [10]-shaogaol

24-26

27-28

gingerdione gingerenone gdanolactone 5HT3
5
[6]-shaogaol  [6]-gingerol 2
pentobarbital %
[6]-shagaol 5-HT
[6]-shaogaol [6]-dehydrogingerdione gingerols -
gingerols Ca’*-pumping ATPase

32-33

zingerone gingerenone

gingerols shaogoals
36

Tablel shaogaols gingerols isodehydrogingerdione
AA
Table 1. Antiplatet activities isolated from Zingiber officinale.
Compound AA (100u M)
[6]-shaogaol 80.6 +16.8% ( 0.5u g/ml)
[8]-shaogaol 984+14% (0.5 gml)
[6]-gingerol 60.8 +22.2%( 0.2u g/ml)
[8]-gingerol 789+4.4% (1u gml)
[10]-gingerol 96.8+26.8% (1u g/ml)
[6]-isodehydrogingerdione 79.5+14.5%( 0.54 g/ml)

[10]-isodehydrogingerdione 100.0+0.0% ( u g/ml)
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PG Table2 gingerdiones dehydrogingerdiones
indomethacin

Table 2. PG biosynthetase inhibition from Zingiber officinale .

Compound ICso(u M)
[6]-ginger ol 55
[6]-gingerdione 16
[10]-gingerdione 1.0
[6]-dehydrogingerdione 1.0
[10]-dehydr oginger dione 2.3
indomethacin 49
shaogaols 2
Gingerol
Table3 gingerol active oxygen formation

Table 3. Active oxygen formation inhibited by gingerol derivativ&sls.

O
RO : X —H—Y(CHz)BCHg
HO

R X Y Z |Cs0 (UM)

Al CHs- -CHx»CHy» -CHxZ- CHOH 2.0
A2 CHas- -CH=CH- -CHxZ- CHOH 1.0
A3 CHs- -CHx»CHy, -CHxZ- C=0 3.0
A4 H -CHx>CHy -CHx>Z- C=0 0.2
A5 CHs- -CHx>CHy -CH=CH- 3.0
A6 H -CH=CH- -CHx>Z- CHOH 0.3
A7 H -CHx>CHy -CHxZ- CHOH 0.09
A8 H -CHx-CHy- -CH=CH- 0.4

5-lipooxygenase

Table4 gingerdione catechol 5-lipooxygenase

Table 4. 5-Lipoxygenase inhibition from catechol derivativeszo.

Structure ICs0 (ULM)
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0.33

HO.

HO'

0.45

HO.

HO

OH

0.42

HO.

HO

OH

0.33

HO.

HO'

0.32

HO.

HO

0.16

0.12

0.20

0.62

0.17

0.19

0.38
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gingerdiones ( G1-Gg) *®  ferulamide ( F1-Fi6)%°
Table5 Table6
Ga indomethacin G;
G3
asiprin 6 ferulamide Fi2 ICs aspirin - 1/17

aspirin

Table 5. The inhibitory effect of gingerdione derivatives (G1-Gg) on platelet

aggregation induced by arachidonic acid (in vitro)?

HCO
R
HO
G1-Gy
Compound R 1Cs0 (LM)
G1 CHs 2.37
Gz CH,CHs 0.92
G3 CH,CH,CHjs 0.72
Gy CHa(CH2)2CHs 0.22
Gs CHa(CH2)3CH3 3.80
Ge CHa(CH2)4CH3 2.35
Gy CHa(CH2)sCH3 3.63
Gs CHa(CH2)sCH3 174
Gy CHa(CH2)7CH3 2.76
Aspirin 20.00
Indomethacin 0.25

& Platlets were incubated with a tested sample or 0.5% DM SO at 37 for 1 min, then AA
(100 uM) was added to trigger aggregation.
Aspirin and indomethacin are positive controls. Values are expressed as mean + SE, n = 3-7.
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Table 6. The inhibitory effects of ferulamide derivatives ( F1-Fi6) on platel et aggregation
induced by arachidonic Acid (in vitro).

0O
Ra X Ry
R,
Ry
Fi1-Fi6
R4 Rs Ro Ry ICs0( UM )

Fq OH OCH3 H H 28.86

F OH OCHs; H CHs 26.57

Fs OH OCHs; H CH>CH3 22.62

Fs OH OCHs; H CH>CH,CH3 12.77

Fs OH OCHs H CHy(CHa)2 42,55

Fe OH OCHs; H CHa(CH,)2.CH3 4.03

F, OH OCHj H CHa(CH,)sCHs 2.47

Fs OH OCHs; H CH>CsHs >353.36

Fo OH OCHs; CHs CHs 13.39

Fio OH OCHs; CH>CHjs CH,CHs 7.99

F11 OH OCHs; CH>CH,CH3 CH>CH,CH3 2.02

Fio OH OCHs;  CHy(CH2)2,CHs  CHy(CH,)>CHs 1.15

Fi3 OCHjs OCHjs H CH>CH,CH3 24.42

Fi4 OH OH H CH>CH,CH3 10.23

Fis OH H H CH>CH,CH3 32.24

Fi6 H H H CH,CH,CH3 47.09
Aspirin 20.00

Platelet were incubated with a test sasmple or 0.5 DMSO at 37  for 1 min, then AA ( 100

UM ) was added to trigger the aggregation. Aspirin is a positive control. Values are expressed as mean

+S.E. from 4 to 6 separate experiments.
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Gingerdione  ferulamide Indomethacin

aspirin

cyclooxygenase-1 (COX-1)  cyclooxygenase-2 (COX-2)
Table7 Table8 COX-1 COX-2
1Cso 300 puMm aspirin

Table 7. The inhibitory effects of compounds G1, G2, and G4 on COX-1 and

COX-2 (invitro).

Compound - ICs0 (M) -
COX-1 COX-2
Indomethacin 1.7 24
G >300 >300
G2 >300 >300
Gy >300 >300

a Cyclooxygenase activity was determined by reading absorbance at 530 nm Compounds were
screened at 300 B M.

Table 8. The inhibitory effects of ferulamides derivatives (Fi-Fis)
on cyclooxygenase-1 and cyclooxygenase-2.

ICs0 (M)
Compound COX-1 COX-2
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Aspirin

F1
F
Fs
Fa
Fs
Fe
F
Fs
Fo
Fio
Fu
F12
Fi3
Fi4
Fis
Fie

>300
>300
>300
>300
>300
>300
>300
>300
>300
>300
>300
>300
>300
>300
>300
>300
1.7

>300
>300
>300
>300
>300
>300
>300
>300
>300
>300
>300
>300
>300
>300
>300
>300
24

1983

: 140
Helicobacter pylori ( H. pylori )

Barry Marshall

(Fig.1)
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Robin Warren

40-60 %



Fig. 1.
( http://www.micro.unsw.edu.au/! THEHEL1.COP/helihome.html )
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1997 (
) 41
1 rantidine bismuth citrate ( )
(a) omeprazole 20 mg bid  lansoprazole 30 mg bid  pantoprazole 40 mg bid
rabeprazole 20 mg bid
(b) ranitidine bismuth citrate 400 mg bid
2. clarithromycin 500 mg bid
3. amoxicillin - metronidazole ( )
(a) amoxicillin 1000 mg bid

(b) metronidazole 400 mg bid
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Nogales Nature leucine

43

isoleucine a SO-S10 B
12 Fig. 2 Fatih M.
Uckun 2000
WHI-261*
COBRA-1% WHI-261 COBRA-1
gingerdione
gingerdione
gingerol
gingerol gingerdiones  ferulamides (Helicobacter pylori)
1-(4-
hydroxy- 3-methoxyphenyl)-3, 5-alkanedione (A) 2, 3-unsaturated gingerdione
(B) ferulamides (©)
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H,CO

HO A

R, = (CH,)NCHg, n =0-8

H3C

HO

Ry

C

(o] (@]
Ry
\ Ry
R3 B
R, = (CH,)NCHg, n = 0-8
R, = H, OCH,
R4 = H, OCH,
R
N
AN
Ry

R, R; = (CH,)NCHs, H n=0-6
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= maw. puker s of s mrginens sidecksin

Fig. 2. (&) A ribbon represertation of 3 tubulin structure and a space-filling model of the
compound WHI-261 which was docked into the tubulin binding site. The compound
WHI-261 forms extensive interactions with the leucine-rich region located in and
extending beyond the taxol binding site on (3 tubulin, and also with the same
location of atubulin. (b) A schematic drawing of WHI-261 interaction with the
protein residues in the vicinity of binding site onR tubulin. **

HO

.,I///

OH
COBRA-0 (WHI-261)

OH OH

COBRA-1

CH3

R3

Fig. 3. COBRA-0 (WHI-261) COBRA-1  gingerdione
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Gingerdione (16-24)

P. Denniff (1976) |. Kazuhito (1991) gingerdione
101 G. Solladie 1993 gingerol
19 . .
gingerdione

Scheme 4
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O o)
CH0 CH0
N OH ', PdC OH CH3OH
HO HO H*
1 2
O o}
CHO {_-crr CHi0
OCH3 OCH3
—_—
3 4
(@]
CH30
5% NaOH OH SOCl,
Hydrolysis ~— H
5
O
CH
0O cl LDA, 2-ketone
—_—>
THF, -78 °C
H,CO
6
o o o
CHO R CH30
H,, PA/C
H,CO
7R=CHg, 16 R=CHj
8R =CH,CHs; 17 R=CHCHjs
9R = (CH,)2,CH3 18 R=(CH2),CH3
10R = (CH2)3CH3 19R= (CH 2)3CH3
11 R = (CHy)4CH3 20 R = (CH3)4CH3
12 R = (CHy)sCH3 21 R =(CH3)sCH3
13R = (CHy)gCHs 22 R = (CH,)sCHs
14 R = (CH,);CH3 23 R =(CH,);CH3
15R = (CHQ)gCHg 24R = (CH 2)8CH3
Scheme 4
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3-(4-Hydr oxy-3-methoxyphenyl)propionic acid (2)

@) o}
CHL CH30
X OH Hy, PA/C OH
HO HO
1 2
Scheme 5
4-hydroxy-3-methoxycinnamic acid (1) 5 % NaOH Pd/

C catalytic hydrogenation

methoxyphenyl)propionic acid (2)
2 96.2-97.4
(EIMS) ( 2-1) (M/z 196)
C10H1204

IR ( 2-2) 3422cmt -OH cm?

1701 cmt C=0

3-( 4-hydroxy-3-

O-H stretching vibration

1612 1435cm*

'H-NMR (DMSO-dg)(  2-3)
-OH 5 371(3H,s) -OCHs
aiphatic alkyl group H-2

12

& 8.77 (1H, br)

0 269 0o 245

& 2.69 (2H,t,J=7.6Hz) & 2.45(2H,t,J=7.5Hz)

carbonyl H-1

HMBC

5 6.58-5 6.76 (3H, m)
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H-1 H-2

5 6.76 (1H, dd, J =



80,10Hz) H-5 5 6.63(1H,d,J=80Hz) H-2

0 6.55(1H,dd,J=8,10Hz) H-6

2 3-( 4-hydroxy-3-

methoxyphenyl)propionic acid Table 11

M ethyl 3-(4-hydroxy-3-methoxyphenyl)propionate (3)

@) @]
CHz0 CH30
OH CHS?H OCHs
H
HO HO
3
2
Scheme 6
2 H2SO4 esterification methyl

3-(4-hydroxy- 3-methoxyphenyl) propionate (3)

3
(EIMS) ( 3-1) (m/z 210)
CuH1404
IR ( 32 3000-2500 cmit O-H 1732 cmi?
methyl ester C=0 1604 1512 1454 1424 cm?t
'H-NMR (CDCl) ( 33 14 2
— 5 3.58(3H, s) 5 8.76 (1H, br , -OH)
364(3H,s) 5 378(3H,s) 2 -OCHs 5 3.64
(3H,9 ester 0 3.78 (3H, 9 methoxy

25 2.85(2H,t,J=80Hz) H-2 & 257 (2H,t,J=
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80Hz) H-1 o 6.61-6.83 3

& 6.62 (1H, dd, J = 8.0, 1.9 Hz)
H-6' 6.67(1H,d, J=19Hz) H-2' 5 6.81(1H,d,J=8.0

H7) H5E

3 methyl 3-(4-hydroxy-
3-methoxyphenyl)propionate Table 11

Methyl 3-(4-benzyloxy-3-methoxyphenyl)propionate (4)

0 o]
CHson/\)‘\ @CHzBr CHsow
OCHgs . OCHgs
HO 2 @Hzco
4
Scheme 7

methyl 1-(4-hydroxy-3-methoxyphenyl)propionate (3) THF 0

sodium hydride benzyl bromide benzylation reaction

methyl 3-(4-benzyloxy-3-methoxyphenyl)propionate (4)

4 48.6-49.8
(EIMS) (m/z 300)
C18H2004
IR 3000-2500 cnit O-H 3032 2966 2943 cm’
=C-H stretching vibration 1736 cmit C=0
1589 1516 1420
cm? 1265 1226 1033 cmt C-O-C

1200 1138cmit C=0
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stretching vibration

'H-NMR (CDCl) ( 41 20 3 5.04(2H, s
phenyl -OCH; 3
5 7.19-7.37 (5H, m) phenyl H-2* H-3
H-4' H-5 H-6 13 3 0 359(3H, 9,
380(3H,9 2 -OCHs ( ester

methoxy) o 2.82(2H,t,J=8.0Hz) phenyl H-2 & 253(2H,t,J=
7.3H2) carbonyl H-1 & 6.56-0 6.75 3

6.73 (1H, d, J
=81Hz) H-5 0 6.67(1H,d,J=19Hz) H-2 0 6.59

(1H,dd,J=81,19Hz H-6
4 methyl 3-(4-benzyl-

oxy-3-methoxyphenyl)propionate Table 11

1-(4-Benzyloxy-3-methoxyphenyl)propionic acid (5)

0] 0]
CH30 CHz0.
° OCHy 5% NeOH ° OH
Hydrolysis
4 5
Scheme 8
4 1

1- (4-benzyl oxy-3-methoxyphenyl)propionic acid (5)
5 99.5-101.2

(EIMS) (m/z 286)
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C17H1804

IR 5 4 carboxylic acid
3000-2500 cm* O-H 1701 cmt C=0
1589 1516 1420 cmi* 1254
1231 1030 cmit c-0-C
'H-NMR (CDCkL)  ( 5-1) 18 5 3.79
(3H,s) -OCHs 5 359(3H,s) COOCH; 5 5.04 (2H,
s) -OCH, 5 11.91 (1H,br) -OH

4 5282(2H,t,J=78Hz) H-2 & 257(2H,t,J=7.8H2)H-1

3 6.57-6.75 3
6.73(1H,d, J=80Hz) H-5 3 6.68 (1H,
d,J=20Hz H-2 3 6.67(1H,dd, J=80,20Hz)  H-6
8 7.18-7.37 (5H, m) phenyl H-2" H-3"

H-4" H-5" H-6"

5 1-(4-benzyloxy-3-

methoxy-phenyl)propionic acid Table11

1-(4-Benzyloxy-3-methoxyphenyl)-3,5-alkanediones (7-15)
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CH30
@HZCO

1
1
1
1
1
1

WOH s,
CH.CI
HZCO 22

W

7R=CHs

8 R = CH,CH;
9R=(CH,),CHs
0R=(CH,)sCH,
1R=(CH,),CHz
2R =(CH,):CH,
3R =(CH,)¢CHs
4R =(CH,)7CHs
5R= (CH 2)8CH3

LDA ketone
“THF, -78C
@HZCOM

7a-15a

@H@W

7b-15b

5

(-78 )

Scheme9

SOCl, chlorination 6

2-ketone  lithium diisopropylamide ( LDA)

1- (4-benzyl oxy- 3-methoxyphenyl) - 3,5-al kanediones (7-15)

form (t

B -dicarbonyl compound

automer)

form

enol form  keto

IR 'H-NMR “C-NMR

1-(4-Benzyloxy-3-methoxyphenyl)-3,5-decanedione (11)

5

2-heptanone  LDA

decanedione (11)
1

(EIMS) (

11-1)

SOCl,

6

1- (4-benzyloxy- 3-methoxyphenyl)-3,5-

(m/z382)
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C24H3004

IR ( 11-2) 3200-2700 cm* O-H stretching vibration 1706,
1613 cmi* C=0 B -dicarbonyl compound
keto form  enol form enol
form 1613 cmit 1705cm*  keto
form
'H-NMR(CDCL)  ( 11-3) 30
0 15.44 (1H, br) enol form OH 0 5.36 () enol
form 4 0 3.43(9 keto form 4
CDCls 8 3 0
082 CHs 0 3.77(3H,s) -OCHs o 1.18~6 1.26
CH, H-1 H-2 H-6 carbonyl group
H-1 H-2 H-6 5 H-6

5218 & 2.79(2H,t,J=7.7Hz)

Hz)H-2 0 6.55-6.73
0 7.19-7.36 phenyl
13C-NMR (CDCE) (  11-5) 22
2
C-5 C3 C4
enol form 0 55

methylene carbon
0 13.82 -CHs(C-10)

C-7 CG8 C9

153

H-1 & 247 (2H,t,J=7.7

3 H-2 H-5 H-6

24

0 193.42,194.14

0 99.31
keto form i )Ok
CH2
0 5587 OCH;

0 31.13 25.32 22.30

o 71.08 -OCH;



methoxyphenyl)-3,5-decanedione

Teble11

1 1-(4-benzyloxy-3-

1-(4-Hydr oxy-3-methoxyphenyl)-3,5-alkanedione (ginger diones) (16-24)

O O O O
CH CHzO
© R H,PdC = R
H2CO HO
7R=CHjz 16 R = CHy
8R= CHchS 17R= CH2CH3
9R=(CH)LHs 18 R = (CHy),CH3
10R=(CH2)CHs 19 R = (CH,)3CH,4
11R = (CH,) ,CH; 20 R = (CH2)4CH3
12R=(CH2)CHs 21 R=(CHp)sCH3
13R= (CH2)6CH3 22R= (CH2)6CH3
14R = (CHy)/CH3 23 R = (CH.)7CH3
15R=(CH2)eCHs 24 R=(CH)sCH3
H. H
o~ o o’ O
CHO CH
3 N R 0 s
— W +
HO HO
16a-24a 16b-24b
Scheme 10
7-15 MeOH Pd/C Ho debenzylation
gingerdiones (16-24)
3 -dicarbonyl compound enol form  keto

form (tautomer)

form
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IR ‘H-NMR “C-NMR

1- (4-hydroxy-3- methoxyphenyl)- 3,5-decanedione (20)



20

(EIMS) ( 20-1) (M'z 292)
C17H2404
IR ( 20-2) 3450cm? O-H stretching vibration
3 -dicarbonyl compound enol form 2933 2863
cmiC-H C-H stretching vibration 1705 1613 cmi*
C=0
'H-NMR (CDCkL)  (  20-3) 20 5 15.44 (1H,
br)  enol formOH 0 3.38(3H,s) -OCHjs 0 3.80
keto foom H-4 6 538 enolform H-4
CDCl; 3 8 1

0 5.03(2H,s) & 7.19-7.36 (5H, m) benzyloxy group

13C-NMR (CDCk) (  20-4) 16 15
1 0 194.30, 193.47
C-3 G5 C4 0 9941
enol form 5 55 keto form 0
BB
methylene carbon 0 55.82 OCH3
0 1386 -CHs(C-10) C-1"-C-6" -OCH;
benzyloxy group
C-1 C7

20 1-(4-hydroxy-3-

methoxyphenyl)-3,5-decanedione Table11
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1-(3,4-Substituted phenyl-3,5-a kanediones (34-39)

0
Ry
R
X OH H,y ! oH SoCl;
_> —>
Pd/C CH,Cl,
R2 25-27 Ry 28-30
25 Ry=H,Ry=H 28 Ry=H,Ry=H
26 R;=0CH3 R2=H 29 R1=0OCH3, Ry=H
27 Rl = OCH3, Rz = OCH3 30 Rl = OCH3, RZ = OCH3
R1
cl LDA, 2-ketone
Y
Rs 31-33 THF, -78
31 R;=H,R,=H
32 Rl = OCH3, RZ =H
33 Rl = OCH3, RZ = OCH3
_He
O O |
. Ry
Ry N R
R —_—
Ry 34a-3%
R,
+ -H
2N
34-39 O| ¢
Rl / R
34 Ri=H,Ry,=H,R= (CHz)GCHg
35 R; =OCH3g, Ry =H, R=(CH)sCH3
~ ~ ~ R2 34b-39%
36 R; = OCHg, R, = OCH3, R = (CH,)sCH3
37 Rl = H, R2 = H, R= (CH2)8CH3
38 Ry =OCH3, R, =H, R=(CH 42 Ry =M Ry =1, R = (CH2)eCHs
1=0CH3 Ry =H, R = (CH2JgCH, 35ab Ry =O0CH3, Ry =H, R=(CHy)eCH
39 R; = OCH3, R, = OCH3, R= (CH)gCH3 st
36ab R;=OCH3, R, = OCHg3 R=(CH,)gCH3
37ab R;=H,R;=H,R=(CHy)gCH;
38a,b Ry =OCH3, Ry =H, R=(CH)gCH3
3%9ab R; = OCHg, R, = OCHg, R = (CH,)gCH3
Scheme 11
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3, 4-Substituted dihydrocinnamic acid (28-30)

3, 4-Substituted dihydrocinnamic acid 3-(3-methoxylphenyl)

propionic acid (29)

26 5 % NaOH Pd/C catalytic
hydrogenation 3-(3-methoxyphenyl)propionic acid (29)
29 43.3-45.5
(EIMS)( 29-1) (m/z180)
C10H1203
IR ( 29-2) 3000-2500 cmt -OH O-H stretching vibration
2943 2920 2839 cmit C-H stretching vibration
1709 cm'* C=0 1493 1439 cm*
1211 1041 cmit C-0-C
"H-NMR (CDCl) ( 29-3 12 0 11.76
(IH,br) -OH 0 369 (3H,s) -OCHs 0 2.84(2H,t,
J=8.0H2) pheny! H-1 5 258 (2H,t,J=8.0Hz)
carbonyl H-2 0 6.65-7.16 4

H-5' OCHs; meta
o 7.08-7.16 (1H, m) H-5'

5 6.65-6.72(3H,m) H-2' H-4 H-6

29 3-(3-methoxy-phenyl)
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propionic acid

Table 12

1-(3,4-Substituted phenyl-3,5-alkanedione (34-39)

1-(3,4- Substituted phenyl-3,5-alkanedione

dodecanediore (35)

29
LDA 2-nonanone

3,5-dodecanediore (35)
35

(EIMS) ( 35-1)

Ci9H280-

IR ( 352) 3000-2700 crit

cmt
C=0

1253 1049 cmt

'H-NMR(CDClL)  ( 35-3)

28

m) & 15.42 (1H, br)

0 343

keto form H-4

1-(3-methoxyphenyl)-3,5-

SOCl, chlorination THF
condensation 1- (3- methoxyphenyl)-
(m/z 304)

O-H stretching vibration 2932 2855

C-H stretching vibration 1705 1605 cm*
1489 1439 cmt

C-Oo-C

26
H-7 & 1.49 (2H,
enol form-OH

5 3.69(3H,s -OCHs

0 537(1H,s) enol form H-4
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35 1-(3-methoxyphenyl)-

3,5-dodecanedione Table 12

159



1-(3,4-Substituted phenyl- 3,5-alkenediones (43-48)

Ry R
\ 1
OH socCl, A Cl LDA, 2-ketone
- —_—
CH,Cl
Ry 25-27 2R 40-42 THF, -78
25 R1=H,R2=H 40 Ry=H,R,=H
26 R, =OCHg, R, = H 41 Ry = OCHs, Ry = H
27 Rl = OCH3, R2 = OCH3 42 Rl = OCH3’ R2 = OCH3
-
R, |
XX R
e
Ro 43a-48a Rz 43b-48b
43a Ry =H, Ry = H, R = (CH,)sCHs 430 Ry=H, Ry =H, R=(CHp)sCH3
44a Rl = OCH3, RZ = H, R= (CHz)GCH3 44h Rl = OCH3, R2 = H, R= (CH 2)6CH3
45a R]_ = OCH3: RZ = OCH3: R= (CH Z)GCH3 45b Rl = OCH3, R2 = OCH3, R= (CH2)6CH3
46a Ry =H, Ry=H, R=(CHy)gCH3 46b Ry =H,Ry=H, R=(CH)gCHj3
47a Ry = OCHg, R, = H, R = (CH,)gCH3 47b Ry = OCH3, Ry = H, R = (CH2)gCH3
48a Rl = OCH3, R2 = OCH3, R= (CH 2)8CH3 48h Rl = OCH3, Rz = OCH3, R= (CH2)80H3
Scheme 12
1-(3,4- Substituted phenyl-3,5-alkenediones 1-(3-methoxylphenyl)-3,
5-tetradecenedione (47)
26 SOCl, chlorination
41 lithium diisopropylamide (LDA) 2-undecanone

1-(3-methoxylphenyl)- 3, 5-tetradecenedione (47)

47 44.0-46.1
EIMS) (M/z2300)
Co1H3003
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IR 3010 cmt =C-H stretching vibration 2925

2848 cmit C-H stretching vibration 1636 1590 cmt
C=0 C=0 C=C
Tt
1427 cm* 1273 1049 cmit C-O-C
'H-NMR (CDCl) ( 47-1) 28
30 1.60-1.68 (2H, m)
H-7 0 382(3H,s) -OCHs3 0 5.64 (9 enol form
4 1H keto formd 3.60 o o
AN
H M

enol form (47b) & 7.55(1H,d,J

=159 HZ) pheny! H-1 d 6.45(1H, d, J= 15.9 HZ)
carbonyl H-2 trans form 0
6.90-7.30 4

47 1-(3-methoxyl-

phenyl)-3, 5-tetradecenedione Table 13
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Mono-substituted ferulamides (55-66)
0 0
R Rs
X OH socl, X cl
—_—
. CH,Cl,
4 1, 25, 27, 49-50
40, 51-54
1. R3=0CH;, R, =0OH 51. Ry=OCH3, R, =OH
27. Ry = OCHg, Ry = OCHg 52. Ry = OCHa, Ry = OCHg
49. Rg = OH, R; = OH 53. Ry= OH, Ry = OH
25. Ry =H, Ry =OH 54. Ry =H, Ry=OH
50. R3=H, Ry=H 40. R3=H,R;=H
o)
R R
NHR 3 X Nid
. AN
CH,Cl, H
Ry 55-66

55. Ry = OCHj, R, = OH, R= H

56. R3= OCH3, Ry = OH, R=CHj

57. R3= OCH3, Ry = OH, R = CH,CH3
58. Ry = OCHg, R, = OH, R = (CH,),CHg
59. R3= OCHj3, Ry = OH, R = (CH)3CH3
60. R3 = OCHg3, Ry = OH, R = (CH,)4CH3
61. Ry = OCH3, R, = OH, R = (CH,)5CH4

62. R3 = OCH3, R4 = OH, R= CH(CH2)3
63. Ry = OCHa, R, = OCHg, R = (CH,),CH3
64. Ry = OH, R, = OH, R = (CH,),CH,

65. R3 = H, Ry = OH, R = (CH,),CH3

66. R3=H, Ry = H, R=(CH,),CH3

Scheme 13

Mono-substituted ferulamide
ferulic acid (1) Scheme 13
ferulyl chloride 51

ferulamide 55
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ferulamide (55)
thionyl chloride

ammonia water




55 147-148

(EIMS)( 55-1): (m/z 193)
IR ( 55-2) 3460 3344 cm N-H 1655 cm C=0
H-NMR(DMSO-dg)(  55-3) 1
5943 1H,br  -OH 5378 3H,s -OCHs -NH,
2 2 5 7.39

695 o6 710 1H,s H-2

0 730 1H,d,J=15.8Hz H-7
0 641 1H,d,J=15.8Hz H-8 0 695 2H,d,J=80Hz
H-6 -NH 0 6.77 1H,d,J=8.0Hz
H-5
55 ferulamide

Table 14
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Di-substituted ferulamides (75-80)
HsC HaCO
’ X H € X OH
(CH3CO),0
-
HO acetic acid H3Cﬁo
1 (@] 67
_R
HsC NH
socl, ¥ X al R FsC X T
2 - - AN
CH,Cl, R
HsCEO HaCLO
o} 68 o}
6974
H3C AN R 69, 75. R=CH,
_HCl AN 70,76. R= CH,CHs
R 71,77. R=(CHp),CH3
HO 72,78 R = (CHp)sCH3
75-80 73,79. R = (CHy)4CH3
74,80. R=(CHp)sCHs
Scheme 14
Scheme 14 1987  Shaku
Masao ferulamides 40 ferulic acid
hydroxyl group  acetylation thionyl chloride
ferulyl chloride
Di-substituted ferulamide N, N-dimethylferulamide 75
ferulic acid (1) acetic anhydride acetylation

67 N, N-dimethylamine

2-methoxyphenyl acetate (69)

4-[(1E)- 3-(dimethylamino)- 3-oxopropyl-enyl]-

N, N-dimethylferulamide (75)
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75 104~105

(EIMS)( 75-1) (m/z221)
IR  ( 752 3425 N-H 1643 C=0
'H-NMR(CDCk-d)(  75-3) 15
5610 1H,br  -OH 5392 3H,s -OCHs 5
317 3H,s 5306 3H,s N -CHs

& 7.60 1H,d,J=154Hz 7.10 1H,dd,J=82 19Hz & 6.98 1H,d,J=1.9
Hz 8691 1Hd J=82Hz & 673 1H,d, J=154Hz
H-7 H-6 H-2 H-5 H-8
75 N, N-dimethylferul-

amide Table 14
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Gingerdione K562 HL60 U937 cells

Gingerdione 17, 20-24, 39, 43-48
K-562 HL60 U937 cells Table9
HL60 U937 K562 3
4 methoxy 48 HL60
ICsr 18.8uM 45 2 HL60
(1Cs0 = 17.9 uM) 3 4

methoxy

45 48

Table 9. Effects of gingerdione derivatives (17, 20-24, 39, 43-48) on proliferation of K562,
HL60, U937 cells (in vitro).

R4 p ® 17,2124, 30

17 Rg= OCHa, R4 = OH, R = CH,CH3 43 R3=H, Ry= H, R = (CHpsCHz

21 R3= OCHg, R4 = OH, R = (CH)sCH3 44 R3= OCHgz, R4=H, R = (CH,)gCH3

22 Rg= OCHg, R4 = OH, R = (CH,)¢CH3 45R3 = Ry= OCH3, R = (CHpsCH3

23 Rg = OCHg, Ry = OH, R = (CHp);CH3 46 Rg=H, Ry = H, R = (CH)gCH3

24 Rz = OCHjs, R4 = OH, R = (CHb)sCH3 47 R3=0C3H, Rg=H, R = (CHp)gCHs

39 Ry = Ry = OCHg, R = (CH)gCHs #8Ra =Ry = 0CHs R = (CHJeCHs
Comp'd  Conc. K562 HL60 U937

(uM) MTT- proliferation( ) MTT- proliferation( ) MTT- proliferation(

Control 0.0 100.0 + 4.4 100.0 + 2.4 100.0 + 3.0
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17 25.0 872 +26 " 772 + 25" 100.0 + 4.0

50.0 772 +50 " 768 + 35" 825+11°
100.0 759 +20 " 768 + 40" 69.8+0.0""
22 25.0 101.9 + 0.4 884 +13" 789 + 34"
50.0 816+ 45" 757 + 257 506 +80
100.0 534+58"" 462 +36 11.2 +38 "
| Cs0 (UM) 99.2 93.8 57.8
23 25.0 98.2 + 1.3 882 +05" 809+30 "
50.0 88.8 + 5.4 798 +0.8 551+ 1.0
100.0 31.3+05 " 482 + 05" 73+21"7
| Cso (UM) 82.8 98.7 55.3
24 25.0 1179+ 29 814 + 45" 662 + 14"
50.0 721+27"7 770+ 08" 402 +52
100.0 157 + 16 362+42 " 20+187
| Cso (UM) 72.3 83.1 41.9
39 25.0 88.9 + 35" 1227 + 457 933+ 46
50.0 90.8 + 25" 1233 +69 " 84.0 + 49"
100.0 99.3 + 2.7 106.0 + 7.7 725+ 12"
43 25.0 103.1+ 1.3 989 + 4.1 916 +27 "
50.0 85.6 + 4.9 920+15" 65.0 + 3.8
100.0 557 +32 " 557 +41 7 247 + 07"
44 25.0 100.0 + 1.0 96.8 + 1.2 873+31 "
50.0 755+ 35" 674 +437" 514 +28 "
100.0 472 +32 " 276 +247" 176 + 34"
| Cso (UM) 93.8 73.7 63.2
45 12.5 995 + 55 69.0 + 05 860+ 63"
25.0 109.4 + 6.0 252+ 05" 783+59 "
50.0 39.2+35"" 29+247" 428 +76 "
| Cso (UM) 86.6 17.9 87.5
46 12— 1132 + 24" 80.6 + 35
25.0 96.4+5.9 99.4 + 2.4 845+ 43"
50.0 103.1 + 7.0 839+08 " 774 + 247
47 25.0 103.1 + 4.3 107.2 + 2.8 888 +48 "
50.0 822+21" 109.5 + 04 712+ 07"
100.0 68.3+1.3"" 865+ 20 " 544 + 35"
48 12,5 105.1 + 05 87.1+32"" 93.9+6.5
25.0 822+19" 140+ 15" 57.5+0.6
50.0 338+20 " 116 + 1.3 433+17"
| Cso (M) 41.6 18.8 45.4

Leukemiacells (1.0 x 10 ° cells/ml) were incubated with different concentration in 24 hrs.
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Data was presented as mean + SD from three separate experiments.” p <0.05 compared with control.”” p <
0.01 compared with control.”" p <0.001 compared with control.
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Ferulamide HL60 U937 cells

55-66 75-80 Table9
ferulamide ferulic acid amide 55
HL60 U937 ICso 91.4uM 73.8uM
methyl 75
78 U937 Table 10

Table 10. Effects of ferulamide derivatives (55-56, 58-60, 62-66, 75-78) on proliferation of
K562 HL60 U937 cells(invitro).

R R HaC R
3 AN N/ AN N/
AN AN
H R
HO
Rd 55-56, 58-66 75.78
55. RR = OCH3, Ry = OH, R=H 62 Rz = OCH, R4 = OH, R = CH(Chk 75. R=CH
56. Ry = OCH;, Ry = OH, R = CHl 63 Rz = OCH, R4 = OCH, R = (CH)2CHs 76. R = CHCHg
58. R = OCH;, Ry = OH, R = (C),CHz 64 Rz = OH, R = OH, R = (CH),CHz 77. R = (CH),CH;z
59. Rg = OCH;, Ry = OH, R = (ChJ3CH3 65. R3 = H, R = OH, R = (Ci)2CHg 78. R = (CH)3CHs

60. Ry = OCH;, Ry = OH, R = (Ch)4CH3 66. Ry = H, Ri= H, R = (CH),CHs

HL-60 U937
Compound Conc. ) ) 0 MTT- proliferation
(M) MTT- proliferation (%) %)
55 50.0 86.0 +59° 65.4+42""
100.0 425 +33"" 325+34""
200.0 124 +1.7° 34.4 + 3.8
| Cs0 (UM) 91.4 73.8
56 25.0 -- --
50.0 -- --
100.0 1237 +4.77 99.2 + 45
58 25.0 1301227 --
50.0 1124+21°" --
100.0 111.7+04°" 854 +56""
59 25.0 -- --
50.0 -- --
100.0 147.3+35"" 96.1 + 3.6
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60 25.0 927+30" --
50.0 96.7 + 0.5 --
100.0 854+14°" 984 +4.1
62 25.0 122.8+07"" --
50.0 121.1+247 --
100.0 117.3+79 " 92.1 +6.7
63 25.0 -- --
50.0 -- --
100.0 1181+ 46" 855+48""
64 25.0 1049+1.8 --
50.0 109.0+34"" --
100.0 108.2+1.1 96.7 + 4.1
65 50.0 704 £4.77 --
100.0 716 +56° --
200.0 578 +1.3°" 87.7 £+51°
66 25.0 -- --
50.0 -- --
100.0 1154+ 59" 103.0+9.4
75 1.0 100.3+ 3.0 884+29"
5.0 340 +30°" 376+48°"
10.0 262+49"" 22+01""
| Cso (UM) 6.1 6.6
76 25.0 -- --
50.0 -- --
100.0 94.7+22.5 93.3 +4.1
77 25 -- --
50 1136+ 7.4 --
100 1054+ 2.8 83.0+4.1"
78 5.0 -- 67.3+4.8""
25.0 96.7 + 4.4 205+20°"
50.0 939+1.7 273+14""
100.0 855+44"" 13.1+0.7°"
| Cso (UM) 14.3

Cells (1.0 x 10° cells/ml) were incubated with different concentration in 24 hrs.
Datawas presented as mean + SD from three separate experiments.
" p<0.05 compared with control.”” p <0.01 compared with control.

" p<0.001 compared with control.
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microtubule molecular modeling gingerdione

gingerol gingerol gingerdione
gingerdione ferulamide
45 48 HL-60
22 23 24 U937 ferulamide

75 HL-60 U937

O (] O 0]
H3CO R
R X R
R 2224 R4 45 48
22 R=(CH,)gCHs 45R3=R;=0CH3, R=(CH)gCH3

23 R= (CH 2)7CH3 48 R3 = R4 =OCH 3 R= (CH 2)8CH3

24 R=(CH )gCHs

H3C CH3
X N/

AN
CHj

HO
75
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(

)

E. Merck
Ammonium chloride
Acetonedried
Ammonia solution 32 %
Butylamine
Benzene dried
Benzyl bromide
2-Butanone
Chloroform-d;
Cinnamic acid
2-Decanone

Dibutylamine
Diethylamine

3, 4-Dimethoxylcinnamic acid
Dimethylamine
Dimethylsulfoxid-de

Dipropylamine
Et hyl acet at e

Ethylamine (solution 70 % in water)
Ferulic acid

2-Heptanone

2-Hexanone

4-Hydroxycinnamic acid

dr
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iso-Propylamine

Methanol dried
3-Methoxylcinnamic acid
Methylamine (solution 40 % in water)
N, N'-dicyclohexylcarbodiimide
2-Nonanone

2-Octanone

10% Palladium / active charcoal
2-Pentanone

Propylamine

Tetrabutyl ammonium iodide
Tetrahydrofuran

Thionyl chloride

Sodium hydride

2-Undecanone

() Aldrich
Lithium diisopropylamide
3,4-Dihydroxycinnamic acid

3,4-Dimethoxycinnamic acid

() Fluka
Ferulic acid
2-Butanone

2-Pentanone
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(

(

(

(

(

(

(

)

)

)

)

)

)

)

Magnesium sulfate anhydrous

Sodium carbonate

Hydr oxyl ami ne

Amylamine

Sodium hydroxide

95% Ethanol

Acetic acid
Benzene
Chloroform
Ethyl acetate
n-Hexane

Methyl alcohol

Hydrochl ori de
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Hydrochloric acid

Ha
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Yanaco MP-500D 25-500

Shimadzu UV-160A UV-Visible Recording

Spectrophotometer
Nicolet Impact 400 FT-IR Spectrophotometer
(KBr) (polystyrene)
(™
EIMS VG Platform  GC-MS instrument 70ev m/z

FAB JEOL SX/SX 102A Tandem Mass Spectrometer

13 Bruker DPX-200 FT- Bruker Avance 400 NMR
Spectrometer d ppm (chemical shift)
(coupling constant)  J Hz S (singlet) d
(doublet) t (triplet) q (quartet) m (multiplet) br

(broad) dd ddd
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(

(

(

(

)

)

)

)

Heraeus CHN-OSRAPID (

) +0.4
E. Merck TLC Aluminium Sheets Silica gel 60 Fs4 plate
pre-coated 25 sheets 20x20 layer thickness 0.2mm E. Merck
RP-8 Fos, pI ae
E.Merck Silicagel 60 (70-230 mesh)

254 nm 366 nm
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Gingerdiones
Gingerdiones

3-(4-Hydroxy-3-methoxyphenyl)propionic acid (2)

ferulicacid (1)(5 26 ) 5% 50 0.1
10% Pd/C (  =1am) 12
RP-18 TLC [ R=052(MeOH : H,O=1:
1)] Pd/C pH=2 (3x100 )
(484 247
95%) ethanol 2

Methyl 3-(hydroxy-3-methoxyphenyl)propionate (3)

2 (5 255 ) 50 3

50 (3x100 )

3(525  25.00 )

Methyl 1-(4-benzyloxy-3-methoxyphenyl)propionate (4)

3(1 476 ) 20 THF 0 NaH (0.18
7.61 ) 40 THF 30 0 benzyl bromide

(0.98 5.73 ) tetrabutylammoniun iodide (0.21 0.58 )
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13 THF 5%
pH=3-4 (2x100 )
ethanol H,O=3 1

4(1.14 3.81 mmol)

3-(4-Benzyloxy-3-methoxyphenyl)propionic acid (5)

4(1 333 ) 50 5%

1 5(0.88  3.06 )

1-(4-Benzyloxy-3-methoxyphenyl)-3,5-hexanedione (7)

5(0.95 3.3 ) 50 (124
10.4 )
TLC [ R 0.55 (EtOAC)] 8
6 lithium diisopropylamide (3.56 33
) 20 THF -78 acetone (0.19 33 )
10 THF THF
5% pH=2 (3x100 )
( =2:1 ) 7 (0.75
231 )

1-(4-Benzyloxy-3-methoxyphenyl)-3,5-heptanedione (8)
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33 ) (

8(0.88 257 )

1-(4-Benzyloxy-3-methoxyphenyl)-3,5-octanedione (9)

7 -78
33 ) (

9(098 277 )

1-(4-Benzyloxy-3-methoxyphenyl)-3,5-nonanedione (10)

7 -78
33 ) (

10(0.94 254 )

1-(4-Benzyloxy-3-methoxypheny)-3,5-decanedione (11)

7 -78

11(1.05  2.64 )

1-(4-Benzyloxy-3-methoxyphenyl)-3,5-undecanedione (12)
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2-butanone (0.24

=3:1 )

2-pentanone (0.28

=3:1 )

2-hexanone (0.33

=3:1 )

2-heptanone (0.38

=30:1 )

3.3



7 -78 2-octanone (0.42
3.3 ) ( : =30:1 )

12(1.05 264 )  ethanol

1-(4-Benzyloxy-3-methoxyphenyl)-3,5-dodecanedione (13)

7 -78 2-nonanone (0.47
3.3 ) ( : =30: 1V )

13(1.06 257 )  ethanol

1-(4-Benzyloxy-3-methoxyphenyl)-3,5-tridecanedione (14)

7 -78 2-decanone (0.52
3.3 ) ( : =30: 1V )

14(1.06 251 )  ethanol

1-(4-Benzyloxy-3-methoxyphenyl)-3, 5-tetradecanedione (15)

7 -78 2-undecanone (0.56
3.3 ) ( : =32:1 )

15(1.13 257 ) ethanol

1-(4-Hydr oxyl-3-methoxyphenyl)-3,5-hexanedione (16) ([2]-ginger dione)
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7(0.77 2.35 ) 25
( =latm) 1
( : =21 )

1-(4-Hydr oxyl-3-methoxyphenyl)-3,5-heptanedione (17)

8(0.80 2.35 ) 25
( = latm) 1

( : =3:1 )

1-(4-Hydr oxyl-3-methoxyphenyl)-3,5-octanedione (18)

9(0.83 2.35 ) 25
( =latm) 1

( : =3:1 )

1-(4-Hydr oxyl-3-methoxyphenyl)-3,5-nonanedione (19)

10(0.86 234 ) 25
( = latm) 1

( : =15:1/ )
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0.1 10%Pd/C

16 (0.40  1.69

([3]-gingerdione)

0.1 10%Pd/C

17 (0.44

([4]-gingerdione)

1.76

0.1 10%Pd/C

18 (0.48

[5]-gingerdione)

1.82

0.1 10%PdC

19 (0.48

1.73



1-(4-Hydr oxyl-3-methoxyphenyl)-3,5-decanedione (20)

11(0.90 2.35 )y 25
( = latm) 1

( : =15:1/ )

1-(4-Hydr oxyl-3-methoxyphenyl)-3,5-undecanedione (21)

12 (0.75 1.89 ) 25
( = latm) 1
( : =16:1/ )

1-(4-Hydr oxyl-3-methoxyphenyl)-3,5-dodecanedione (22)

13(1 244 ) 25
( = latm) 1
( =16:1/ )

1-(4-Hydr oxyl-3-methoxyphenyl)-3,5-tridecanedione (23)

14(1 236 ) 25

( = latm) 1
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([6]-gingerdione)

0.1 10%PdC

20 (050 1.71

([7]-gingerdione)

0.1 10%Pd/C

21 (0.48 1.57

([8]-gingerdione)

0.1 10%Pd/C

22 (062 193

([9]-gingerdione)

0.1 10%Pd/C



( : =20:1 ) 23(0.64 192

1- (4-Hydr oxyl-3-methoxyphenyl)-3,5-tetradecanedione (24) ([10]-ginger dione)
151 2.28 ) 25 01 10%Pd/C
( = latm) 1
( : =20:1 ) 24 (0.63 1.80

1-(3, 4-Substituted phenyl)-3,5-dodecanedione (34-36)  1-(3, 4-Substituted

phenyl)-3,5-tetradecanedione (37-39)

Dihydrocinnamic acid (28)

cinnamic acid (5 33.78mole) 5% 50 0.1
10 % Pd/C ( = latm) 12 pH =
2 (3x100 )
ethanol H,O=5 1 28(4.76 3175

3-(3-M ethoxylphenyl)propionic acid (29)

28 3-methoxylcinnamic acid (4.05
25 ) ethanol

29 (414 23 )
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3-(3,4-Dimethoxyl phenyl)propionic acid (30)

28 3,4-dimethoxylcinnamic acid (4.4
25 ) ethanol

30(478 2275 )

1-Phenyl-3,5-dodecanedione (34)

28 (250 16.67 ) 100

(3.96 33.34 ) 8

31 lithium diisopropylamide (3.56
33 ) 40 THF —78 2-nonanone (2.37 16.67 )

50 THF THF
5% pH=2 (3%300 )
( =80:1V )
34 (3.56 13.0 )

1- (3-Methoxyphenyl)-3,5-dodecanedione (35)

29 (1.06 6.0 ) 34
-78 2-nonanone (0.85 6.0 )
( : =4 1/ )

35(1.39 456 )
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1-(3,4-Dimethoxylphenyl)-3,5-dodecanedione (36)

30(1.26 6.0 ) 34
-78 2-nonanone (0.85 6.0
( : =30:V )

36 (156  4.68 ) ethanol

1-Phenyl-3,5-tetradecanedione (37)

28 (250 16.67 ) 34
-78 2-undecanone (2.84  16.67
( : =80:1 )
37(372 ;1233 )

1- (3-M ethoxyphenyl)-3,5-tetradecanedione (38)

29 (1.06 6.0 ) 34
-78 2-undecanone (0.85 6.0
( : =4 1/ )

38 (147 444 )

1-(3, 4-dimethoxylphenyl)-3,5-tetr adecanedione (39)

30(1.26 6.0 ) 34
-78 2- undecanone (0.85 6.0

( : =30:1 )
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39(1.63 45 ) ethanol

1-Phenyl-3,5-alkenedione (43, 46)  1-(3, 4-Substituted phenyl)-3,5- alkenedione (44,

45, 47, 48)

1-Phenyl-3,5-dodecenedione (43)

25(2.01 1350 ) 34
-78 2-nonanone (1.92 13.50 )
( : =6:1 )
43 (2.50 9.2 ) ethanol

1-(3-Methoxylphenyl)-3,5-dodecenedione (44)

26 (0.97 6.0 ) 34
-78 2-nonanone (0.85 6.0 )
( : =1:1 ) ethanol
44 (1.38 4.56 )

1-(3,4-Dimethoxylphenyl)-3,5-dodecenedione (45)

45 (1.06 6.0 ) 34
-78 2-nonanone (0.85 6.0 )
( : =13 ) ethanol

45(1.43 432 )
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1-Phenyl-3,5-tetr adecenedione (46)

25(2.01 13.50 ) 34
-78 2-undecanone (2.30 13.50
) ( : =6:1 )

46 (308  10.26 )

1-(3-methoxylphenyl)-3,5-tetr adecenedione (47)

26(097 6.0 ) 34
-78 2-undecanone (1.02 6.0 )
( : =1:1 )
ethanol 47 (156 474 )

1-(3, 4-dimethoxylphenyl)-3,5-tetr adecenedione (48)

27 (1.06 6.0 ) 34
-78 2-undecanone (1.02 6.0 )
( : =1 3 ) ethanol

48(1.60  4.44 )
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Ferulamide

M onosubstituted ferulamides

Ferulamide (55)

ferulicacid1l (5.2 mmole)

(10.4 mmole)

TLC [

ferulyl chloride

( : =10:1/

N-M ethylfer ulamide (56)

55

( : =12:1/

N-Ethylferulamide (57)

55

( : = 15:1/

N-Propylfer ulamide (58)

50

Rf  0.55(EtOAC)]

)

)

)
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50

1.24
8

NH3 :

42 %
methylamine,

48 %

ethylamine,

30 %



55 , 0.92 (15.6 mmole)
propylamine ( : =16:1/ )

2%

N-Butylferulamide (59)

55 , 1.14 (15.6 mmole) butyl-
amine ( : =20:1 )

43 %

N-Amylferulamide (60)

55 , 1.36 (15.6 mmole) amyl-
amine ( : =151/ )

64 %

N-H exylferulamide (61)

55 , 1.67 (15.6 mmole) hexyl-
amine ( : = 16:1/ )

41 %

N-I sopropylferulamide (62)
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55 , 0.92 (15.6 mmole) isopropyl
amine ( : = 16:1/ )

51 %

N-Propyl-3,4-dimethoxy cinnamamide (63)

55 , 0.92 (15.6 mmole) propyl-
amine ( : =20:1 )

76 %

N-Propyl-3,4-dihydr oxycinnamamide (64)

55 , 0.92 (15.6 mmole)
propylamine ( : = 15:1/ )

54 %

N-Propyl-4-hydr oxycinnamamide (65)

55 , 0.92 (15.6 mmole)
propylamine ( : = 15:1/ )

66 %

N-Propylcinnamamide (66)
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55 )
propylamine ( / )

89 %

Disubstituted ferulamides

N,N-Dimethylferulamide (75)

(a) Acetylation of ferulic acid

ferulicacid1l (5.2 mmole) 5
1 45 )1 100
67 90 %

(b) Formation of amide

67 1 (4.24 mmole) 55

dimethylamine 69

(c) Deacetylation

69
( : 20:1/ )

75 56 %

N,N-Diethylferulamide (76)

192

0.92 (15.6 mmole)

0.58 (5.72 mmloe)

deacetylation



75
diethylamine

32%

N,N-Dipropylferulamide (77)

75
dipropylamine

34 %

N,N-Dibutylferulamide (78)

75
dibutylamine

44 %

N,N-dipentylferulamide (79)

75
dipentylamine

52 %

N,N-Dihexylferulamide (80)

193

= 20:1/

=201/

= 20:1

= 20:1/

0.93 (12.7 mmole)

)

1.3 (12.7 mmole)

)

1.6 (12.7 mmole)

)

2.0 (12.7 mmole)

)



75 : 24 (12.7 mmole)
dihexylamine ( : = 20:1/ )

47 %
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(HL-60 U937 K562 cells) (proliferation)

Gingerdione ferulamide DMSO
-20 DMSO 0.1% DMSO
HL-60 U937 K562 cells 47
HL-60 U937 K562 cells (1x10°/mL) 24-well
ImL/well Gingerdione Ferulamide 37
95 % 5%CO; MTT-proliferation assay
well 50 mL 96-well plate
10mL MTT solution 37 4 DM SO (150mL_ /well)
ELISA reader 570 nm ODszo 4849

Proliferation (%) = (Sample ODs79/ Cont. ODs79) *x100%
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