A A 50 A 6.3 398~402 (2006)
(1 Vol. 50, No. 6

n:__.

1453 -

e

=Rlo| B

SR

ZFoista oFstoist ojotsiet wal
(Received November 16, 2006; Revised December 7, 2006)

Synthesis of 2-Substituted Flavone Derivatives

On Wha Dan, Soo Jin Kim and Chaeuk Im*
Division of Medicinal Chemistry, College of Pharmacy, Chung-ang University, Seoul 156-756, Korea

Abstract — Flavone was found to inhibit tyrosinase and reduce synthesis of melanin to show skin-lightening effect. With
the hope of identifying skin-lightening flavones, we synthesized flavone analogs. Substituted benzoic acids (1) were treated
with oxalyl chloride in DMF to yield benzoyl chlorides (2), which were reacted with 2-hydroxyacetophenones (3) to afford
2-benzoyloxyacetophenones (4). These acetophenones (4) were converted into 1,3-diketones (5) with base and then treated

with acid to give flavone derivatives (6).
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$3191, 715 fofs SAIoke ALgaIITh. 'HNMR spectra
X Varian Gemini 2000300 MHz)& AF-&3led &9, TMS
(tetramethylsilane)E& W% EFEHZ A8t TLCE
Merck silica gel 60 Fog, 5 AME-81$11, UV LampZ spots 2
Ql5}gict. IR spectrai= Nicolet Magna 7508 ARgste] AUct.

2-Methylbenzoyl chloride(2b)2] & —o-Toluic acid(1b,
4.08 g, 30.00 mmol)& methylene chloride 80.00 m/°ll %<1 &
galg 0°CE ¥e ¥, oxalyl chloride 3.27m/¥ DMF
0.23 mi& BT 24)7F BF AdelA] vhEEITh Wk ERES
7o} =23}31, methylene chloride 50 miE F71ste] W1 o
Al && 3to] 2-methylbenzoyl chloride Mg -, A8}
2] ok thE Whgol ARSIt

99} 7+& v O & henzoic acid SFEAQ! 1c, 1d, le, 1f,
1g, 1hE 9EF AREslo] S35 2¢, 2d, 2e, 2f, 2g, 2hE &
gt

2-Benzoyloxyacetophenone(4a)2] &4 - 2-Hydroxyaceto-
phenone(3, 5.00g, 36.72 mmol)*}l pyridine 42 m/$} benzoyl
chloride(2a, 8.53 mi, 73.45 mmol)Z Y. 0°Colx] 302 B2t 1t
S3F F, AF2o A 1A BRE RESSISITE v ERES 3%
HCI} d5E2] 3890 A omx 3] Yerh AdE 3
AES o8l methanoll] AAs] 3EE(da)s 8.23g &
31t

Yield : 94%; R;=0.53(ethyl acetate:hexane=2:1); IR(KBr)
em’l; 1205, 1485, 1603, 1689, 2999; 'H-NMR(CDCly) §; 2.55
(3H, s), 7.24(H, dd, /;=84Hz, J,=12Hz), 7.38(H, td, /;=
78 Hz, J,=12Hz), 7.50~7.70(4H, m), 7.87(H, dd, /,=7.8
Hz, J,=1.8 Hz), 8.21(H, dd, /;,=6.9 Hz, J,=1.5Hz), 8.24(H,
dd, J;=6.9 Hz, J,=1.5 Hz).

Benzoyl chloride 3}5M% 2b, 2¢, 2d, 2e, 2f, 2g, 2hE A&
2 AHgEte] e da)st &2 WHOR 4b, 4c, 4d, 4e, 4f,
4g, 4hE It

2-[(2-Methylbenzoyl)oxylacetophenone(4b) —Yield : 67%;
R;=0.43(ethyl acetate : hexane=6:1); IR(KBr) cml; 1260,
1487, 1603, 1693, 2994; 'H-NMR (CDCly) &; 2.55(H, s),
267(3H, s), 7.23(H, dd, J/;=8.1Hz, J,=1.2Hz), 7.31~7.40
BH, m), 7.50(H, td, /;=7.5Hz, J,=15Hz), 759(H, td, J;=
8.1Hz, J,=1.8Hz), 7.86(H, dd, /;=78Hz, J,=1.8Hz), 821
(H, dd, J;=7.8 Hz).

2-[(3-Methylbenzoyl)oxylacetophenone(4c) — Yield : 81%;
Ri=0.43(ethyl acetate : hexane=2:1); IR(KBr) cm’ 1193,
1456, 1603, 1690, 3035; 1H-NMR(CDC13) 8; 2.45(3H, s), 2.55
3H, s), 723H, dd, /;=8.1Hz, J,=12Hz), 7.37(H, td, ;=
75Hz, J,=15Hz), 7.43~7.48(2H, m), 7.58(H, td, /;=7.2 Hz,
J,=15Hz), 787(H, dd, J,;=7.8Hz, J,=1.8Hz), 8.01~8.03
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(2H, m).
2-[(4-Methylbenzoyl)oxyJlacetophenone(4d) — Yield : 92%;
R=0.46(ethyl acetate : hexane=6: 1); IR(KBr) cm’l; 12086,
1483, 1603, 1692, 3001; 'H-NMR(CDCl,) §; 2.46(3H, s), 2.54
(3H, s), 7.23(H, dd, /,=8.1Hz, J,=12Hz), 7.31~7.34(2H,
m), 7.37(H, dd, J;=7.8Hz, J,=12Hz), 7.58(H, td, J/;=7.5
Hz, J,=15Hz), 7.87H, dd, /;=7.8 Hz, J,=1.8 Hz), 8.09(H,
dd, /;=6.9 Hz, J,=1.5Hz), 8.12(H, dd, J;=6.9 Hz, J,=1.5 Hz).
2-[(3,4,5-Trimethoxybenzoyl)oxylacetophenone(4e) —
Yield : 88%; R;=0.74(ethyl acetate : hexane=15:1); IR(KBr)
em™; 1133, 1467, 1602, 1682, 3001; *H-NMR(CDCl,) §; 2.56
3H, s), 3.95(9H, s), 7.24(H, dd, /;,=8.1Hz, J,=0.9 Hz), 7.39
(H, td, J;=8.1Hz, J,=1.2Hz), 747H, s), 7.60(H, td, /;=8.1
Hz, /,=1.8 Hz), 7.87(H, dd, /,=7.8 Hz, J,=1.5 Hz).
2-[(2-Methoxybenzoyl)oxylacetophenone(4f) — Yield :
80%; R;=0.71(ethyl acetate : hexane=6:1); IR(KBr) cm;
1192, 1494, 1602, 1672, 3091; H-NMR(CDCl,) §; 2.56(3H,
s), 3.93(3H, s), 7.03~7.102H, m) 7.24(H, dd, /;=8.4Hz,
J,=12Hz), 733H, td, /;=81Hz, J,=12Hz), 7.57(H, td,
Ji=72Hz, J,=15Hz), 7.84(H, dd, /;=7.8 Hz, J,=18Hz),
8.11(H, dd, /,=7.8 Hz, J,=1.8 Hz).
2-[(3-Methoxybenzoyl)oxylacetophenone(4g) - Yield :
71%; R;=0.75(ethy]l acetate : hexane=6:1); IR(KBr) cm’l:
1169, 1484, 1596, 1685, 3072; 'H-NMR(CDCl,) &; 2.55(3H,
s), 3.893H, s), 7.18(H, dd, /;=2.7Hz), 7.24(H, m), 7.38(H,
td, J;=78Hz, J,=12Hz), 744(H, t, /;=8.1Hz), 7.60(H, td,
Ji;=81Hz, [,=18Hz), 7.71(H, s), 7.82(H, dd, /;=7.8 Hz,
J,=12Hz), 7.87H, td, J;=7.8 Hz, J/,=1.8 Hz).
2-[(4-Methoxybenzoyl)oxylacetophenone(4h) - Yield :
89%; R=0.80(ethyl acetate : hexane=6:1); IR(KBr) cm‘l;
1281, 1467, 1604, 1681, 3013; *H-NMR(CDCl,) &; 2.54(3H,
s), 3.91(3H, s), 7.01(2H, dd, J/;=6.9 Hz, J,=1.8 Hz), 7.23(H,
dd, /,=7.8 Hz, J,=09 Hz), 7.36(H, td, /;=7.8 Hz, J,=1.2 Hz),
758, td, /;=81Hz, J,=18Hz), 7.85H, dd, /;=7.8 Hz,
J,=15Hz), 8.17(2H, dd, /,=6.9 Hz, /,=1.8 Hz).
1-(2-Hydroxyphenyl)-3-phenylpropane-1,3-dione(5a)2] &
A — 2-Benzoyloxyacetophenone(da, 14.53 g, 60.98 mmol)]|
pyridine 56.3 m/¢} #43F potassium hydroxide 5.13 g& ¥l
50°CollA] 202 &< Wheasict. ikg =8 et &, 10%
acetic acid =880l Yo 4 HAES oJHsta Mste] 3
FEGayE 13.34 g A8
Yield : 85%; R;=0.76(ethy] acetate : hexane=2:1); IR(KBr)
em’; 1491, 1602, 1621, 3044; *H-NMR(CDCI,) &; 6.94(H, td,
Ji;=81Hz, J,=12Hz), 702(H, dd, J;=8.1Hz, J,=09Hz),
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745~7.58(4H, m), 7.81(H, dd, J/;,=7.8Hz, J,=18Hz), 7.95
(H, dd, J/;,=6.1Hz, J,=1.5Hz), 7.97(H, dd, /;=6.1Hz, J,=1.5
Hz).

%8t¥l benzoyloxyacetophenone 3}31E 4b, 4c, 4d, 4e, 4f,
4g, 4hE AHE-3te] 99t FdS e R FE 5h, 5¢, 54,
5e, 5f, 5g, 5hE 33130t

1-(2-Hydroxyphenyl)-3-(2-methylphenyl)propane-1,3-
dione(5b) — Yield : 87%; R;=0.75(ethyl acetate : hexane=
6:1); IR(KBr) cm’; 1485, 1603, 1629, 3044; 'H-NMR(CDCl,)
& 2.54(3H, s), 6.89(H, td, /;=8.1Hz, J,=1.2 Hz), 7.01(H, dd,
J1=8.7Hz, J,=12Hz), 7.28~7.332H, m), 7.38H, td, /;=7.5
Hz, /,=15Hz), 746(H, td, J/;=72Hz, J,=15Hz), 7.53(H,
dd, /;=75Hz, J,=2.1 Hz), 7.69(H, d4, /;=8.1 Hz, J,=1.5 H2).

1-(2-Hydroxyphenyl)-3-(3-methylphenyl)propane-1,3-
dione(5c) - Yield : 88%; R;=0.62(ethyl acetate: hexane=
6:1); IRKBr) cm; 1491, 1598, 1622, 3086; *H-NMR(CDCl,)
8; 2.45(3H, s), 6.93(H, td, /;=8.1Hz, J,=1.2 Hz), 7.37(H, dd,
Ji=84Hz, J,=12Hz), 7.36~7.412H, m), 7.58(H, td, /;=7.5
Hz, J,=18Hz), 7.73~7.752H, m), 7.80(H, dd, /;=8.1Hz,
J,=18 Hz).
1-(2-Hydroxyphenyl)-3-(4-methylphenyl)propane-1,3-
dione(5d) - Yield : 87%; R=0.59(ethyl acetate : hexane=
6:1); IRGKBr) cm’™; 1489, 1606, 1617, 3066; 'H-NMR(CDCl,)
5; 2.44(3H, s), 6.92(H, td, /;=8.4Hz, J,=1.2 Hz), 7.00(H, dd,
J1=84Hz, J,=12Hz), 7302H, d, /;=78Hz), 7.46(H, td,
J;=84Hz, J,=15Hz), 7.79H, dd, /,=81Hz, /,=1.8Hz),
7.85(2H, d, /;=84 Hz).
1-(2-Hydroxyphenyl)-3-(3,4,5-trimethoxyphenyl)propane-
1,3-dione(5e) — Yield : 61%; R;=0.76(ethyl acetate : hexane=
15:1); IR(KBr) cm?; 1485, 1587, 1684, 3072; 'H.NMR
(CDCl,) 8; 3.95(9H, s), 6.94(H, td, J/;,=8.4Hz, J,=1.2Hz),
7.02(H, dd, J,=8.7Hz, J,=12Hz), 7.17CH, s), 748(H, td,
J1=84Hz, J,=15Hz), 7.78(H, dd, /;=8.1Hz, J,=1.5Hz).
1-(2-Hydroxyphenyl)-3-(2-methoxyphenyl)propane-1,3-
dione(5f) - Yield 96%; R;=0.77(ethyl acetate : hexane=
6:1); IR(KKBr) cm™; 1477, 1608, 1652, 3062; 'H-NMR(CDCl;)
8; 3.99(3H, s), 6.91(H, td) 7.014(2H, td, ;=93 Hz, J,=1.8
Hz), 7.08(H, td, J/;=7.8 Hz, J/,=09Hz), 7.42~7.51(2H, m),
7.73(H, dd, J,=8.1Hz, J,=1.8Hz), 7.97(H, dd, /;=8.1Hz,
J,=18Hz).
1-(2-Hydroxyphenyl)-3-(3-methoxyphenyl)propane-1,3-
dione(5g) — Yield : 94%; R;=0.80(ethyl acetate : hexane=
6:1); IR(KKBr) cm’™; 1493, 1605, 1620, 3093; 'H-NMR(CDCl;)
8; 3.89GH, s), 6.93(H, td, /;=7.2 Hz, J,=1.2 Hz), 7.01(H, dd,

J1=84Hz, [,=09Hz), 710(H, dd, J;=6.9Hz, J,=15Hz),
7.37~745@H, m), 7.46~7.54(2H, m), 7.78(H, dd, /;=8.1Hz,
Jo=18 Hz).

1-(2-Hydroxyphenyl)-3-(4-methoxyphenyl)propane-1,3-
dione(Sh) —Yield : 96%; R=0.83(ethyl acetate : hexane=
6:1); IRKBr) cm™; 1486, 1610, 1621, 3060; "H-NMR(CDCl)
8; 3.89(3H, s), 6.90(H, td, J/;=8.1Hz, J,=1.2 Hz), 6.95~7.01
(3H, m), 745, td, J;=8.1Hz, J,=15Hz), 7.77(H, dd, J;=
8.1Hz, J,=15Hz), 7.69(2H, td, /;=6.9 Hz, J,=2.1 Hz).

2-Phenyl-4H-1-benzopyran-4-one(6a)2| g4 — 1-(2-Hydro-
xyphenyl)-3-phenylpropane-1,3-dione(5a, 13.60 g, 53.06 mmol)
< 2% ik 2.70 ml9} glacial acetic acid 68.98 m/oll ¥ 1,
130°C oil bathollA 1AZF 52t BFadaA Rhgeith vhe &
TES sk FaEel gl e HAEE et F, ethyl
acetate?} hexane® 2 AZAXAc},

Yield : 83%; R;=0.40(ethyl acetate:hexane=2:1); IR
(KBr) em; 1130, 1469, 1608, 1659, 3074; 'H-NMR(CDC,)
8; 6.86(H, s), 745(H, td, /;=8.1Hz, J,=1.8Hz), 7.54~757
(3H, m), 7.60(H, dd, /;,=8.1Hz, J,=18Hz), 7.73(H, td, J;=
81Hz, /,=18Hz), 7.94~798(2H, m), 825(H, dd, /,=8.1
Hz, /,=1.8 Hz)

Diketone 33H% 5b, 5¢, 5d, 5e, 5f, 58, Sh2HE] 3FE 6a
o} & oz A3 6b, 6¢, 6d, 6e, 6f, 6g, 6hE T3
3ot

2.(2-Methylphenyl)-4 H-1-benzopyran-4-one(6b) — Yield :
75%; R=0.63(ethyl acetate:hexane=6:1); IR(KBr) cm’l;
1249, 1467, 1600, 1656, 3071 cm; 'H-NMR(CDCl,) & 2.49
(3H, s), 6.54(H, s), 7.34(H, dd, /;=69 Hz, J,=1.2 Hz), 7.38
H, td, /;=75Hz, J/,=1.5Hz), 7.40~7493H, m), 7.55(H, dd,
J1=72Hz, J,=15Hz), 7.70H, td, J,=72Hz, J,=15Hz),
827(H, dd, /;=8.1Hz, J,=1.2 Hz).

2-(3-Methylphenyl)-4 H-1-benzopyran-4-one(6c) — Yield :
75%; R=0.74(ethyl acetate: hexane=6:1); IR(KBr) cm’l
1128, 1468, 1604, 1638, 3070 cm™; 'H-NMR(CDCly) §; 2.47
(3H, s), 6.83(H, s), 7.36~7.46(3H, m), 7.59(H, dd, /;=84
Hz, J,=15Hz), 7.68~7.76(3H, m), 8.24(H, dd, /;=7.8 Hz,
J>=15Hz).

2-(4-Methylphenyl)-4 H-1-benzopyran-4-one(6d) — Yield :
72%; R;=0.72(ethyl acetate : hexane=6:1); IR(KBr) em’l;
1124, 1467, 1602, 1645, 3037; 'H-NMR(CDCly) &; 2.45(H, s),
6.82(H, s), 7.33¢H, J,=78Hz, J,=09Hz), 742(H, td, J;=
8.1Hz, J,=8.1Hz), 7.57(H, dd, /;=8.7Hz, J,=12Hz), 7.73
H, td, /;=72Hz, J,=18Hz), 7.84(2H, dd, /,=8.4 Hz), 8.23
H, dd, /,=78Hz, J,=15Hz).
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2-(3,4,5-Trimethoxyphenyl)-4H-1-benzopyran-4-one(6e) —
Yield : 91%; R;=0.59(ethyl acetate : hexane=15:1); IR(KBr)
cm’l; 1248, 1478, 1600, 1658, 3089; 'H-NMR(CDCl,) §;
3.94@3H, s), 3.97(6H, s) 6.79(H, s), 7.152H, s), 7.44(H, td,
J1=81Hz, J,=12Hz), 7.59(H, dd, J,=8.1Hz, J,=1.8Hz),
7.72(H, td, J,=8.1Hz, J,=18Hz), 824(2H, dd, /;=8.1Hz,
J,=12Hz).

2-(2-Methoxyphenyl)-4 H-1-benzopyran-4-one(6f) — Yield :
83%; R;=0.62(ethyl acetate : hexane=6:1); IR(KBr) em’™;
1137, 1469, 1607, 1638, 3070; 'H-NMR(CDCly) §; 3.90(3H,
s), 6.83(H, s), 7.10(H, dd, J/;=8.1Hz, J,=2.7Hz), 7.41~7.54
(4H, m), 759(H, dd, J,=84Hz, [,=06Hz), 7.71(H, td,
J1=8.7Hz, J,=18Hz), 824(H, dd, /,=7.8 Hz, J,=1.8 Hz).

2-(3-Methoxyphenyl)-4 H-1-benzopyran-4-one(6g) — Yield :
86%; R=0.60(ethyl acetate : hexane=6:1); IR(KBr) cm’;
1194, 1466, 1610, 1652, 3053; H-NMR(CDCly) &; 3.90(3H,
s), 6.83(H, s), 7.09(H, dd, /;=8.1Hz, J,=2.7Hz), 7.54~741
(4H, m), 758(H, dd, J,=8.4Hz, [,=0.6Hz), 7.71(H, td,
J1=8.7Hz, J,=1.8Hz), 823(H, dd, /,=7.8 Hz, J,=1.8 Hz).

9 o
Ho)l\@ R Oxalyl Chloride cl Z
| ———- R
= DMF S
1 2

OH
O:“/ Pyridine
(o]
3
3
'I—R
o AN

OH
iy KOH
x
Pyridine
(o] [o]
5 (o]
4
CH,COO0H | H,50,
[ a, R=H ]
7 b, R=2=CH;
)
R = of
oL kLT ¢, R=3-CH,
| d, R=4-CHy
e, R=3,4,5-{(OCHy);
o f, R=2-OCH;
g9, R =3-OCH;
6 h, R=4-OCHj

Scheme 1 - Synthesis of 2-substituted flavones.
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2-(4-Methoxyphenyl)-4H-1-benzopyran-4-one(6h) - Yield :
81%; R;=0.60(ethyl acetate : hexane=6:1); IR(KBr) cm:
1250, 1469, 1607, 1656, 3081; 'H-NMR(CDCl;) §; 3.90(3H,
s), 6.76(H, s), 7.03(2H, dd, J;=6.9 Hz, J,=2.1Hz), 7.42(H,
td, /,=8.1Hz, J,=1.2 Hz), 7.56(H, dd, J;=8.7 Hz, J,=1.2 Hz),
7.69(H, td, /;=69Hz, J,=15Hz), 7.90H, dd, /;=6.9 Hz,
J,=2.1Hz), 8.23(H, dd, /,=8.1Hz, /,=18 Hz).

Az o O

Baker-Venkataraman transformation ®PHE o]-431 2-X|&
flavone 3H3HE-g &43515itH? 213k benzoic acid FE=A(1)
2 DMF$} oxalyl chloride® *]2]8}°] benzoyl chloride(2)E &
e &, AASHA 23 ok §k3-ol AFE-8Fgit. 2-Hydro-
xyacetophenone(3)S- benzoyl chloride(2)2} ¥F8-3t ¥, d-HCIZ
NHslka B3] 2-benzoyloxyacetophenone(d)s 67~94%
o] 552 43K 2-Benzoyl AFE @)= 50°CAXH7]
25l el Aste] 1,3-diketone(5)E 61~96%2] F5EZ
A2k, 1,3-diketone SAHEGEYE 130°ColA A5l ae]shiks-
3t9] flavone 3EE@G)S 72~91%2 FEEE TG
(Scheme 1).
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