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Synthesis of Quinolone Analogs of Isoflavonoids
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Abstract — Isoflavonoids are abundant in natural products and reported with many synthetic variations. However,
relatively few quinolone analogs of isoflavonoids have been described. As part of our endeavor to pursue biologically active
novel isoflavonoids, we report an efficient synthetic route for quinolone analogs of isoflavonoids. The key intermediate, 2'-
aminochalcone 2 was obtained from substituted aniline and cyclized to afford quinolones 6, 8a, and 8b.

Keywords [J quinolone, isoflavone, 2'-aminochalcone

© ] EEEER o] E(isoflavonoids = ZFAE Fol HHASHA £
Az YRR AFASE ol MY, A} Foll Bol A=
Ut o] 5L kg AR Fo FYHEOR V|5El A
o oA T glomP Patslatg O P iF0 0 =
oF 18 Zo] tjarst Aej@Ajo] Harslo} Qlrk.

rFEeElE oSl TRA 0 B 157)R o] Foi7l Weks
&7 £ 18] SRHEEA AAE Fol Sk 72 olaZet
Z Fig. 1ol YeRIGITE 0|58 71 & U=l elsled
9)e] & tyrosine kinase,'? aromatase,'¥ IL-5 Sof tist oA &
s 2 F2 95 o) g 7IxE e Au|EAol HaEey

[

or:

it

O

fol

R
HO 0. HO N
4@ ol 4@ o
Ry O Rs OH O OH
G:ristein: Ry =OH,Rp=H,R3=0H 6,R=H
E >hanint Ry =O0H,Ry=0CH;3,R3=H 8a, R =Me
D.ifzein: Ry=H,Rp=H,R3=0H 8b,R=FEt

Dilzinn Ry =H,Ry=H,R3=0Glc
Orbol: Ry =OH, Ry = 0H, Ry = OH
Scphoricoside: Ry = OH, Ry = H, R3 = 0Glc

Fig 1 - Structures of naturally occurring isoflavonoids and quin-
olone analogs of genistein.
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methoxyaniline(5.00 g, 32.64 mmol)¥] 1,2-dichloroethane(25
ml) £9-& 0°CE J23t boron trichloride(35.97 mi, 32.62
mmol)?] dichlorometane&¢] 23] 71513 ©]ojA] aluminum
chloride(4.75 g, 35.62 mmol)®} acetonitrile(1.70 m/, 32.64 mmol)
= 7). HkS- g 80°CollA] 20A17F B9t refluxslit). wE
+ F4 T EdE 0°C2 ¥Zsled 2N HCE: 71 & 80°C
oA 304 refluxshict. HES- M-S dichloromethane® &3k
7155 1M NaOHE ol ¥ MgSO,E A%, o3ty 7
Q5= 3}°] amino phenyl ketone 1(5.20 g, 81%)& 4}
IR (neat) cm™: 3435, 3282, 2973, 1615, 1578, 1456, 1426,
1363, 1322, 1247, 1208, 1168, 1139, 953, 813; 'H NMR
(CDCly &: 6.34 (2H, s), 5.73 (1H, d, /=2.4 Hz), 5.68 (1H, d,
J=2.4Hz), 3.79 3H, s), 3.75 (3H, s), 2.51 (3H, s); *C NMR
(CDCly) &: 2004, 164.2, 163.7, 153.8, 105.9, 92.2, 88.5, 55.5,
554, 34.1.
1-(2-Amino-4,6-dimethoxyphenyl)-3-(4-methoxy-

phenyl)propenone (2) — Amino phenyl ketone 1(2.00g,
10.26 mmol)¥} p-anisaldehyde(1.39 g, 10.26 mmol)$] ethanol
g sodium hydroxide(1~2 pallets)Z A% 718t & 4]0
A1 10A1ZF wREsESITE REE 2 5 §H3-AE ethyl acetate®
23101 57132 27 3 NaCl 902 A3t MgSo,
2 Azxsla o433 3 3hEE o] 2-aminochalcone 2
(1.81g, 56%) & AU},

IR (neat) cm’’: 3432, 3333, 2938, 2360, 1571, 1509, 1457,
1419, 1339, 1282, 1245, 1211, 1163, 1026, 970; 'H NMR
(CDCL) & 7.56 (1H, d, J=15.6Hz), 750 (2H, d, /=88 Hz),
7.36 (1H, d, /J=15.6 Hz), 6.87 (2H, d, /=8.8 Hz), 599 (2H,
s), 580 (1H, d, J=2.4Hz), 5.75 (1H, d, /=2.4 Hz), 3.81 (6H,
d, J=3.6Hz), 3.77 (3H, s); *C NMR (CDCl,) & 191.6, 164.1,
162.8, 161.0, 153.1, 139.5, 129.9, 1289, 127.6, 1144, 107.2,
92.5, 89.0.

N-{3,5-Dimethoxy-2-[3-(4-methoxyphenyl)acryloyl]
phenyl}lacetamide (3) — 2-Aminochalcone 2(850mg, 2.71
mmol)°]l pyridine(10 ml)7} acetic anhydride(10 m)E 2|2 7}
3 5 @itﬂ]/ﬁ 3 A7t wukEoic), whe- £ 3 HkR-olS ethyl
acetate® 5% 3l #715& &3 3} NaCl fHoZ A2
A MgSOﬁ A%, st & 7REsE sho] ] 314
E AUt} o] AL ethyl acetate?} hexane® A A3t 2-
acetamidochalcone 3(860 mg, 89%)S ASIth.

IR(neat) cm’: 2941, 1699, 1605, 1578, 1513, 1471, 1365,
1336, 1294, 1262, 1234, 1203, 1176, 1158, 1108, 1031, 975;
'H NMR (CDCly) &: 1099 (1H, s), 7.88 (1H, d, /=2.4 Hz),
7.62 (1H, d, J=15.6 Hz), 7.49~7.52 2H, m), 7.22~7.27 (1H,
m), 6.87~6.91 (2H, m), 6.22 (1H, d, /=2), 3.85 (6H, d, J=

4Hz), 3.82 (3H, s), 2.17 (1h, s); ®C NMR (CDCly) &: 200.1,
170.3, 164.5, 161.8, 142.3, 141.8, 131.1, 128.2, 126.0, 114.6,
110.2, 97.8, 94.1, 58.1, 57.6, 57.0, 24.1, 38.9.

N-{2-[3,3-Dimethoxy-2-(4-methoxyphenyl)propionyl]-
3,5-dimethoxyphenyl}acetamide (4) — 2'-Acetamidochalcone
3(0.86 g, 2.42 mmol)°l| trimethyl orthoformate(8 m))E& 715}
dolA golo thallium(I) nitrate trihydrate(1.40g, 3.14
mmol)2] trimethyl orthoformate(4 ml) £94-& 158 2 H
3] H7rstn AoA 4x7F msigith v FE ¥
thallium(I}& o3}slo] #AAS & 5% sodlum hydromde%c’“—%
AMEBI 534 AlFEE Dichloromethane® 2 3% & MgS0, 2
Az 38t T 7t 5538103 acetal 4(1.01 g, 98%)E At

IR(neat) cm™: 3395, 1700, 1654, 1614, 1578, 1511, 1451,
1430, 1335, 1294, 1242, 1161, 1109, 1069, 807; 'H NMR
(CDCly) & 1064 (1H, s), 7.81 (1H, s), 7.31 (2H, d, /=88
Hz), 6.83 (2H, d, /=8.8Hz), 6.11 (1H, d, /=2.4Hz), 4.93
(1h, d, /=8.8 Hz), 4.81 (1H, d, /=8.4 Hz), 3.77 (9H, dd, J=
15.6, 3.6 Hz), 3.31 (3H, s,), 3.13 3H, s), 2.15 (3H, d, /=6
Hz); C NMR (CDCly) §: 203.6, 169.4, 164.3, 161.1, 158.9,
141.9, 130.2, 128.0, 113.9, 107.8, 97.5, 94.5, 60.5, 55.8, 55.6,
55.4, 55.1, 54.5, 25.7.

5,7-Dimethoxy-3-(4-methoxyphenyl)-1H-quinolin-4-one
(5) — Acetal 4(1.00 g, 2.39 mmol)] ethanots- 7|3t & 5% HCl
|NE H7Pegich vhgds A2l 108 Rk AR 3 50°C
oA 2A17F F2t Rk Sk A0 2E 9 AE @
& A IAE At d F ethanol? A ZH % 5o
quinolone 5(690 mg, 93%)Y2 Lok

IR (neat) ecm': 3368,3232, 2592, 1644, 1601, 1514, 1472,
1411, 1310, 1243, 1203, 1183, 1164, 1108, 1073, 1037, 977,
945, 867, 832; '"H NMR (DMSO) & 11.89 (1h, s), 7.89 (1H,
s), 749 (2H, d, J=7.2 Hz), 6.89 (2H, d, /=7.2 Hz,), 6.52 (1H,
s), 6.35 (1H, s), 3.78 (6H, d, J=14.8Hz), 3.73 3H, s); °C
NMR (DMSO) &: 173.7, 162.8, 161.5, 158.7, 143.9, 137.0,
130.5, 128.7, 121.6, 113.9, 111.2, 95.8, 91.9, 56.6, 56.1, 55.7,
31.4.

5,7-Dihydroxy-3-(4-hydroxyphenyl)-1H-quinolin-4-one
(6) — Quinolone 5(810 mg, 2.60 mmol)*l HBr(0.67 mi, 13.00
mmol)¥} acetic acidE @1 80°CellA] 3¢+ wHtshsITh KEE-
FTA F AR LEE Yo AWE LZﬂs: ol Tt A Ab
WAA7E WA kg wi7kR] B3} ethyl acetateZ FE3] AT
t}, o] T HE column chromatography(ethyl acetate/
toluene/ethyl alcohol=1/1/1) 31 6(609 mg, 87%) LUch.

IR (neat) cm’l: 3294, 1654, 616, 1566, 1514, 1440, 1382,
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1275, 1199, 884, 829, 695, 655; 'H NMR (DMS0) &: 12.02
(1H, ¢, J=6Hz), 10.11 (1H, s), 7.90 (1H, t, /=3 Hz), 7.41
(2h, 1 J=6.8Hz), 6.74 (2H, dd, J=4.8, 2Hz), 6.26 (1H, d,
J=2H3), 597 (14, d, J=2Hz); *C NMR (DMSO0) &: 179.7,
163.7. 156.9, 142.2, 138.5, 130.3, 126.1, 118.6, 115.4, 108.],
979, ¢1.9.

5,7-Dimethoxy-3-(4-methoxyphenyl)-1-methyl-1H-
quinolin-4-one (7a) —Quinolone 5(390 mg, 1.25 mmol)E DMF
Gml 591 5 potassium carbonate(259 mg, 1.88 mmol)'f"
23 L0%-%F 1 & jodomethane(1.56 m/, 2.50 mmol}& €1
AR Wkl vhE FE o F-E ERIgE &
A&} 1. ethyl acetate® F &35 th #-715& &2 A 3shar
MgS )& 7%, of gl & 7Rt s5slo] izl
chramatography(ethyl acetate/toluene/ethyl alcohol=1/1/1)5}1
7a(3-6 mg, 90%)% ALt

Ik (meat) cm’’: 3512, 2925, 1613, 1574, 1510, 1459, 1344,
1289 1241, 1177, 1076, 1027; *H NMR (DMSO) & 7.89
(1H. ¢), 749 (1H, d, /=9.7Hz), 6.87 (2H, d, /=84 Hz), 6.45
(1H, |, /=2Hz), 6.39 (1H, d, /=2Hz), 3.87 3H, s), 3.75
BH. ), 3.72 (6H, d, J=2.8 Hz); C NMR (DMSO) &: 174.6,
162.7, 162.6, 158.5, 144.6, 141.7, 130.3, 129.1, 121.9, 113.7,
112., 95.1, 91.2, 56.4, 56.2, 55.7.

1-E thyl-5,7-dimethoxy-3-(4-methoxyphenyl)-1H-
DMF
(4 m)>l =21 ¥ potassium carbonate(166 mg, 1.20 mmol)
QI 3052 wHk F jodoethane(1.3 ml, 1.61 mmolyS ¥l 3]
7+ j“*k&:}oﬂu} ke £ o7 E #elgt 3. EiE Hhe-g iﬂo}

ethyl acetate® &8I} §715-8& &5
2 «4,31’:, of ihgt § 79t EHsto] dold FAME column
chro1 atography(ethyl acetate/toluene/ethyl alcohol=1/1/1)8}
7b(:33 mg, 88%)5 ALt

Ik (neat) cm’': 3284, 1641, 1562, 1515, 1449, 1362, 1159,
836; H NMR (DMSO) &: 7.89 (1H, s), 7.51 (2H, d, /=64
Hz), 3.87 (2H, d, /=8.8 Hz), 6.50 (1H, s), 6.37 (1H, s), 4.20
(2H. d, /=6.8Hz), 3.86 (3H, s), 3.72~3.77 (6H, m), 1.30
(3H. ;, /=6.8Hz); BC NMR (DMSO) &: 174.6, 162.8, 162.7,
158.5 143.3, 140.7, 1304, 129.1, 122.3, 113.7, 112.8, 94.9,
90.9 56.4, 56.2, 48.3, 14.6.

5,7-Dihydroxy-3-(4-hydroxyphenyl)-1-methyl-1H-quinolin-
4-on¢  (8a) — 1-Methylquinolone 7a(262 mg, 0.81 mmol)®]l
HBr{).21 mi, 4.03 mmol)¥} acetic acid% w31 80°CollA] 327t
HEIYCH ¥g- FH o NMRE ARg-sle] gR1siint.
S E AR 2L ‘;%*01 *£7l~L A o et &
3} etayl acetate® 4) %’\W} ) oFS wff 7] FE-3] ‘5‘3017‘

I - OO ==
EE S F

ZAEE column

quinoin-4-one (7b) — Quinolone 5(250 mg, 0.80 mmol)&
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ek AR 313E column chromatography(ethyl acetate/
toluene/ethyl alcohol=1/1/1) 31°1 8a(200 mg, 88%)ir A3ich.

IR (neat) ecm’: 3407, 1644, 1561, 1517, 1451, 1349, 1159;
'H NMR (DMSO) & 10.39 (1H, s), 9.40 (1H, s), 8.10 (1H,
s), 743 (2H, d, /=8.4 Hz), 6.75 (2H, d, /=84 Hz), 6.22 (1H,
s), 6.09 (1H, s), 3.72 (3H, s); *C NMR (DMSO) &: 179.0,
164.8, 163.2, 157.0, 144.2, 142.8, 130.3, 129.6, 125.7, 118.6,
115.5, 108.2, 98.4, 91.1.

1-Ethyl-5,7-dihydroxy-3-(4-hydroxyphenyl)-1H-quinolin-
4-one (8b) — 1-Ethylquinclone 7b(269 mg, 0.79 mmol)°ll HBr
(0.21 ml, 3.96 mmol)¥} acetic acidis €Il 80°CellAd 321zt wxk
slGiTh Wk T4 of§-if NMRE: AMg-3te] #l1sloilct. uke-
38 5 AL0R RN o] A7 3AE ofukshiA A
WAZE U] ke w7 ?’_‘:‘4' ethyl acetate™ Z-4-3] o5
gtk 9ol 11 Ali: column chromatography(ethyl acetate/
toluene/ethyl alcohol=1/1/1) 1% 8b(200 mg, 85% )+ 13Ut

IR (neat) cm™: 2971, 1612, 1509, 1459, 1354, 1288, 1245,
1161, 1121, 1073, 1031, 951; 'H NMR (DMSO) & 9.42 (1H,
s), 8.11 (1H, s), 743 (2H, d, /=64 Hz), 6.74 (2H, d, /=6.8
Hz), 6.29 (2H, d, J=7.2 Hz), 1.31 (3H, t, J=7 Hz); 3C NMR
(DMSO) &: 179.0, 165.0, 163.2, 157.0, 143.2, 141.6, 1304,
129.6, 1289, 125.7, 119.0, 1154, 108.5, 98.2, 90.8, 48.5,
14.5.

O] AL R o2 Fe A4 quinolone? A-S& ZH= A& L

g B3 ke ek M3AT2A] Scheme 104 YER 8}
2} ko] 8} 64} 8a, 8bi FAJSIILH
2,4-DimethoxyanilineS boron trichloride®} aluminum tri-
chloride 7 3} acetonitrile¥} )& 8o o} 213} 30 w24
amino phenyl ketone 102 $3}a1 ©]718 p-anisaldehyde®}
#%ste] 2-aminochalcone 24+ ¢1%1v}. 2'-Aminochalcone 29)
ol & o}MEIV] R W3 ste] Qlo]2l 2-acetamidochalcone 35
trimethyl orthoformate <} &}l thallium nitrate® *]&]&}+e]
A9 A7 2M B-ketoacetal 4i2 ¥8H5}2i T}, Quinolone 53
acetal 45F B2 2ko 2 xgl&le] ¢1glut. olo]A quinolone 53¢
HBr® #2}&lo] dihydroxy quinolone 6% €11, 2l¥3i- N-
alkylation®l] 213} 1-methylquinolone 7a X 1-ethylquinolone
7bi &SIt vk B o % 7a, 7be] phenolic etherit 2]
AR Aeksle] dihydroxy quinolone 8a, 8b%r Uk & &
TP P e i slo] Qlojil HFAHL 6, 8a, 8bo] AeEd 7
Mak o) AvHr abeo g 3t quinoloneAl 2] treFdt artificial

isoflavone %3] gAjo] Faix]o}«]ar 9o},
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Scheme 1 - Synthesis of 5,7-Dihydroxy-3-(4-hydroxyphenyl)-1-alkyl-1H-quinolin-4-one.
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