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Eighteen substituted chalcones, flavones and 3-flavonols were synthesized and characterized using 'H-
NMR, IR and elemental analysis. The substitution pattern includes two halogen atoms, nitro and methyl
groups in ring A as well as two or three methoxy groups in ring B.
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Introduction.

Flavonoids (benzo-y-pyrones), as shown in Scheme 1,
are a class of about 4,000 natural compounds present in all
vascular plants. They appear to exhibit a wide range of
biological activities including anti-oxidative [1-2], anti-
inflammatory [3-5], cancer suppressing [6-9] and anti-
viral (anti-HIV) [10-12]. The average human diet contains
about 1 g of flavonoids per day, assimilated through fruits,
vegetables, red wine, tea etc. [13].

Scheme 1

Structure and numbering of flavones and chalcones

Most of the flavonoids have been isolated from plants in
order to test their biological properties; others were synthet-
ically produced in search of more potent drug candidates.
The structure-activity relationship (SAR) in flavonoids is
empirical, based on numerous data from testing different
compounds. Although there are a lot of data in the literature,
it is very difficult to outline a clear tendency that will lead to
the optimized structure of high activity and low toxicity.

Among the most studied compounds, quercetin and
baicalin (Scheme 2) are polyhydroxylated flavones [14-
17]. Tt is believed that the important structural features
leading to high biological activity are the presence of 5-
OH and 3-OH groups. The latter, however, is considered

responsible for some mutagenic properties observed in
quercetin, which disappeared after this group was methy-
lated [12]. The solubility can be modified through selec-
tive introduction of lipophilic and hydrophilic substituents
— most popular approach is to balance the number of the
alkyl substituents and free hydroxyl groups.

The incorporation of electronegative elements, such as
halogens and nitro groups, in the flavonoid structure, intro-
duce new patterns of biological properties. 4',6-
Dichloroflavan (Scheme 2) has been reported to be a potent
antirhinovirus compound [12]. Halogenated and nitro-sub-
stituted flavones exhibit structure-dependent aryl hydrocar-
bon receptor (AhR) agonist and antagonist activities com-
parable to that observed for 2,3,7,8-tetrachlorodibenzo-p-
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dioxin (TCDD) [18]. 8-Iodo, 8-bromo and 8-trifluo-
romethyl derivatives of chrysin (Scheme 2) exhibit strong
activities against human gastric adenocarcinoma cell lines
(SGC-7901) and colorectal adenocarcinoma (HT-29) cells
[8,9]. One of the most recent studies reports the effect of
some flavonoids on the central nervous system.
Halogenated flavanones and flavones are considered poten-
tial benzodiazepine receptor ligands. Indeed, 6-bro-
moflavone and 6-bromo-3'-nitroflavone showed activities
close or higher than that of diazepam [19].

The current paper reports our preliminary studies on the
synthesis of halogenated and nitro-substituted chalcones
and flavones. The compounds will be subject to biological
testing to establish their anti-inflammatory, tumor sup-
pressing and anti-HIV activities.

Results and Discussion.

The chalcone derivatives 5-10 were synthesized by
Claisen condensation of appropriately substituted ace-
tophenones and benzaldehydes in ethanol in the presence
of 50% aqueous KOH. The reaction time as well as the
yield varies depending on the corresponding reagents. The
compounds containing the dimethoxybenzaldehyde unit
were obtained with lower yields than the trimethoxy deriv-

C.J. Mills, N. N. Mateeva and K. K. Redda

Vol. 43

atives. The crude product was contaminated with some
starting materials which could easily be removed by col-
umn chromatography on silica gel using CH,Cl,:hexane
as eluent (Scheme 3).

3-Hydroxyflavonols 11-16 were synthesized utilizing
the Algar-Flynn-Olyamada reaction in the presence of
50% H,0, and sodium hydroxide. The only reaction prod-
uct observed was the corresponding 3-hydroxyflavonol
(Scheme 3). The compounds have low solubility in the
most common solvents. They were purified in small quan-
tities by crystallizing the solid products in appropriate
amounts of CH;0OH/CH,Cl,. Attempts to purify them by
column chromatography failed due to decomposition. 3-
Hydroxyflavonols exhibit high melting points (Table 1)
and some of them decompose at ~250 °C.

Flavones 17-22 were synthesized using a three step
Baker-Venkataraman rearrangement. The crude product
was purified by recrystallization and Chromatotron chro-
matography using CH,Cl,:MeOH as eluent (Scheme 4).

The structures of the synthesized compounds were
confirmed by !H-NMR, IR and elemental analysis. The
compounds will be subject to cyclooxygenase-1 and
cyclooxygenase-2 binding activity testing as well as
anti-cancer testing.

Scheme 3
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EXPERIMENTAL

Melting points were determined on a Gallenkamp Melting Point
Apparatus and were uncorrected. Infrared spectra were obtained
on a Perkin Elmer FTIR 1430 spectrophotometer, using KBr pel-
lets. '"H nmr and 13C nmr spectra were obtained with a Brucker
HX-300 spectrometer and the chemical shifts were reported as
parts per million (8 ppm) downfield. Elemental analyses were
performed by Galbraith Laboratories, Inc., Knoxville, Tennessee.
Column chromatography as well as Chromatotron 8924
(Harrison Research) instruments were used for purification of the
compounds. Davisil Chromatographic Silica gel (200-425 mesh)
was used for column chromatographic separations and Silica gel
Merck, TLC grade 7749 with gypsum binder and fluorescent
indicator was used for the preparation of the Chromatotron
rotors. All reactions and purification procedures were monitored
using Whatman TLC plates with a fluorescent indicator. All sol-
vents and chemicals were purchased from Fisher Scientific
Company and Sigma-Aldrich Chemical Company and used with-
out further purification.
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Synthesis of Chalcones 5-10 [20-22].

The corresponding substituted acetophenones 1 were mixed with an
equimolar amount of 3,4-dimethoxybenzaldehyde or 3,4,5-
trimethoxybenzaldehyde, 2, in ethanol (Scheme 3). 5 Milliliters of
50% aqueous KOH was added and the reaction mixture heated at
50-60 °C for 2-6 h. The product precipitated after cooling as yellow
crystals, which were collected, recrystallized from CH;OH/CH,Cl,
and finally purified by column chromatography, using
CH,Cly:hexane 5:1 as eluent. The yields were 60-80%.

Synthesis of 3-Flavonols 11-16 [23-24].

2'-Hydroxychalcones 5-10 were synthesized as described above
(Scheme 3). The reaction products were not isolated, but after cool-
ing to room temperature, equivalent amounts of sodium hydroxide
and 50% aqueous hydrogen peroxide were added. About 30 min
later, thick yellow precipitate was formed. The mixture was stirred
at room temperature for 5 h, the precipitate removed by filtration
and air dried. The compounds were purified by recrystallization
from CH30H/CH,Cl, The yields were 40-60%.

Table 1
Elemental Analysis and Melting Point Data for the Synthesized Compounds

Compound Composition Elemental analysis m.p.
Calculated/Found °C

5 R,=R,=Cl, R;=0CH; C,gH 4C1,05 C56.41 H4.21 145-146
C56.31 H4.41

6 R1=R2=Br, R3=OCH3 C18H16Br205 C45.79 H3.42 152-153
C45.65 H3.74

7 RIZNOZ, RZZCH3, R:OCH3 C19H|9N07 C6112 H513 147—148
C61.11 H5.40

8 R,=R,=Cl, Ry=H Cy7H,4C1,0, C57.81 H4.00 163-164
C58.03 H4.39

9 R,=R,=Br, Ry=H C,7H,4Bry0, C46.18 H3.19 158-159
C46.29 H3.43

10 R;=NO,, Ry=CHj, Ry=H C,5H,NOg €62.97 H4.99 153-154
C62.97 H5.33

1 R;=R,=Cl, R3=0OCHj, CygH 4C1,06 C54.43 H3.55 198-199
C54.36 H3.85

12 R1=R2=Br, R3=OCH3 C18H14Br206 C44.47 H2.90 >260,
C44.12 H3.19 decomp

13 RIZNOZ, RzZCH:z)’ R3:OCH3 C19H|7N08 C5892 H442 210-211
C58.97 H4.71

14 R;=R,=Cl, Ry=H C,7H;,ClL05 ©55.61 H3.29 215-216
C55.41 H3.45

15 R,=R,=Br, Ry=H C,7H;,Br,05 C44.77 H2.65 220-221
C44.81 H2.99

16 R,=NO,, R,=CHj, Ry=H C,5H,5NO; C60.50 H4.23 195-196
C60.41 H4.21

17 R;=R,=Cl, R3=0CHj, CygH 4CL05 C56.71 H3.70 155-156
C57.03 H3.81

18 R1=R2=Br, R3=OCH3 C18H14Br205 C45.99 H3.00 179-180
C46.28 H3.39

19 RIZNOZ, RZZCH3, R3:OCH3 C19H|7NO7 C6145 H461 135—136
C61.47 H5.01

20 R,=R,=Cl, Ry=H C7H,,CL,0, C58.14 H3.44 145-146
C58.37 H3.76

21 R,=R,=Br, Ry=H C17H5CL0, C46.40 H2.75 134-135
C46.72 H3.12

22 R,=NO,, R,=CHj, Ry=H C,5H;5NOg C63.34 H4.43 150-151

C62.95 H4.80
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Table 2
NMR and IR Data for the Synthesized Compounds

IH-NMR (8 ppm)

(DMSO-dg): §3.70, 3.79 (s, s, 9H, -CH;0),
6.82 (s, 2H, Ar), 7.07-7.08 (d, 1H, Ar, J=3.0
Hz), 7.42-7.43 (d, 1H, Ar, J=3.0 Hz),

7.37-7.42 (d, 1H, CH=CH, J=15 Hz)

8.55-8.60 (d, 1H, CH=CH, J=15 Hz)
(DMSO-dg): 6 3.78, 3.80 (s, s, 9H, -CH;0),
7.14 (s, 2H, Ar), 7.34-7.35 (d, 1H, J=3.0 Hz),
7.39-7.45 (d, 1H, J=18 Hz, CH=CH), 7.58-7.59
(d, 1H, J=3.0 Hz), 8.48-8.53 (d, 1H, J=18 Hz)

(DMSO-dg): 8 3.81, 3.84 (s, s, 9H, -CH;0),
6.87 (s, 2H, Ar), 7.37-7.43 (d, 1H, J=18 Hz
CH=CH), 7.48-7.49 (d, 1H, J=3.0 Hz, Ar), 8.08-
8.14 (d, 1H, J=18 Hz, CH=CH)

(DMSO-dg): §3.93,3.97 (s, s, 6H, -CH;0),
6.88-6.92 (m, 1H, Ar), 7.15-7.16 (d, 1H, J=

3.0 Hz, Ar), 7.24-7.29 (m, 1H, Ar), 7.34-7.39 (d,
1H, J=15 Hz, CH=CH), 7.54-7.5 7 (m, 1H, Ar),
7.80-7.81 (d, 1H, J=3.0 Hz, Ar), 7.91-7.96 (d, 1H,
J=15 Hz, CH=CH)

(DMSO-dg): 8 3.07, 3.10 (s, s, 6H, - CH;0),
6.88-6.92 (m, 1H, Ar), 7.15-7.16 (d, 1H, Ar),
7.26-7.30 (dd, 1H, Ar), 7.34-7.39 (d, 1H, J=15
Hz, CH=CH), 7.86-7.91 (d, 1H, J=15 Hz,
CH=CH), 7.94-7.98 (m, 1H, Ar)

(DMSO-dg): 83.77, 3.80 (s, s, 6H, -CH;0),
6.95-6.98 (d, 1H, J=9 Hz), 7.17 (s, 1H, Ar), 7.22-
7.23 (d, 1H, J=3.0 Hz, Ar), 7.40-7.45 (d, 1H,
J=15 Hz, CH=CH), 7.65-7.66 (d, 1H, J=3.0 Hz,
Ar), 7.98-8.03 (d, 1H, J=15 Hz, CH=CH)
(DMSO-dg): & 3.68, 3.81 (s, s, 9H, -CH;0),
7.83-7.84 (d, 1H, Ar, J=2.4 Hz), 7.85-7.86 (d, 1H,
Ar, J=2.4 Hz), 8.08 (s, 2H, Ar)

(DMSO-dg): & 3.68, 3.81 (s, s, 9H, -CH;0),
7.98-7.99 (d, 1H, Ar, J=2.4 Hz), 8.01-8.02 (d, 1H,
Ar, J=2.4 Hz), 8.19 (s, 2H, Ar)

(DMSO-dg): & 3.76, 3.86 (s, s, 6H, -OCHs),
7.69 (s, 2H, Ar), 8.25-8.26 (d, 1H, J=3.0 Hz, Ar),
8.42-8.43 (d, 1H, J=3.0 Hz, Ar).

(DMSO-dg): §3.79 (s, 6H, -OCH3), 7.01-

7.04 (d, 1H, Ar, J=9.0 Hz), 7.81 (s, 1H, Ar),

7.87 (m, 1H, Ar), 8.12-8.15 (d, 1H, Ar, J=9.0 Hz),
8.44 (s, 1H, Ar)

(DMSO-dg): 8 3.29, 3.31 (s, s, 6H, -OCH3),
7.17-7.19 (d, 1H, Ar, J=6 Hz), 7.88-7.98

(m, 2H, Ar), 8.14-8.15 (d, 1H, J=3.0 Hz), 8.34-
8.35(d, 1H, Ar, J=3.0 Hz)

(DMSO-dg): 6 3.77-3.80 (s, s, 6H, -OCHj),
6.97-6.99 (m, 2H, Ar), 8.16 (s, 1H, Ar), 8.33-
8.35 (dd, J=6 Hz, Ar), 8.48 (s, 1H, Ar)

IR (v cm ! KBr)

3400 (broad, OH),
1590 (C=0),

1610 (C=C Ar),
1590 (C=C),

1130 (C-0O) cm-1.
3390 (broad, OH),
1585 (C=0),

1600 (C=C Ar),
1595 (C=C),

1110 (C-O) cm-1.
3390 (broad, OH),
1640 (C=0),

1612 (C=C Ar),
1580 (C=0C),

1120 (C-O) cm-1.
3400 (broad, OH),
1650 (C=0),

1610 (C=C Ar),
1590 (C=C),

1125 (C-0) cm-1.

3390 (broad, OH),
1650 (C=0),

1611 (C=C Ar),
1590 (C=C),

1110 (C-0) el
3390 (broad, OH),
1640 (C=0),

1610 (C=C Ar),
1592 (C=C),

1120 (C-O) cm-1.
3400 (broad, OH),
1650 (C=0),

1613 (C=C Ar),
1590 (C=0C),

1131 (C-0) cm-L.
3390 (broad, OH),
1655 (C=0),
1605(C=C Ar),
1580(C=0C),

1115 (C- O) cm-!.
3410 (broad, OH),
1660 (C=0),

1613 (C=C Ar),
1595 (C=0C),

1115 (C-O) cm-1.
3380 (broad, OH),
1645 (C=0),

1610 (C=C Ar),
1595 (C=C),

1120 (C-O) cm-1.
3400 (broad, OH),
1656 (C=0),

1600 (C=C Ar),
1595 (C=C),

1130 (C-O) cm-1.
3380 (broad, OH),
1660 (C=0),

1610 (C=C Ar),
1588 (C=C),

1130 (C-O) cm-!.
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Compound IH-NMR (8 ppm) IR (v cm™! KBr)

17 (deuteriochloroform): & 3.87, 3.89 (s, 9H, 1660 (C=0),
-CH;0), 8.01-8.02 (d, J=2.4 Hz, IH, Ar), 7.67- 1613 (C=C Ar),
7.68 (d, J=2.4 Hz, 1H, Ar), 6.74 (s, 1H, O=C- 1592 (C=0),
CH=), 7.14 (s, 2H, Ar) 1133 (C-O) cm-.

18 (deuteriochloroform): & 3.93, 3.94 (s, 9H, 1656 (C=0),
-CH;0), 8.27-8.28 (d, J=2.2 Hz, 1H, Ar), 8.02- 1610 (C=C Ar),
8.03 (d, J=2.2 Hz, 1H, Ar), 6.80 (s, 1H, O=C- 1591 (C=0),
CH=), 7.23 (s, 2H, Ar) 1134 (C-O) cm-l.

19 (deuteriochloroform): 4 3.87, 3.91 (s, 9H, 1654 (C=0),
-CH;0), 8.24 (s, 1H, Ar), 8.19-8.20 (d, J=2.1 Hz, 1618 (C=C Ar),
1H, Ar), 6.79 (s, 1H, O=C-CH=), 7.23 (s, 2H, Ar), 1583 (C=0),
2.49 (s, 3H, -CHj) 1126 (C-O) cm-1.,

20 (deuteriochloroform): & 3.95, 3.96 (s, 6H, 1654 (C=0),
-CH;0), 8.07-8.06 (d, J=2.3 Hz, 1H, Ar), 7.70- 1561 (C=C Ar),
7.71 (d, J=2.6 Hz, 1H, Ar), 6.77 (s, 1H, O=C- 1519 (C=0),
CH=), 6.97-6.99 (d, J=8.4 Hz, 1H, Ar) 7.44-7.45 1278 (C-O) cm-l.
(d, J=2.0 Hz, 1H, Ar), (td, J=2.3, 8.7 Hz, 1H, Ar)

21 (deuteriochloroform): & 3.92, 3.93 (s, 6H, 1677 (C=0),
-CH;0), 8.26-8.27 (d, J=2.4 Hz, IH, Ar), 7.99- 1650 (C=C Ar),
8.00 (d, J=2.2 Hz, 1H, Ar), 6.82 (s, 1H, O=C- 1599 (C=0),
CH=), 7.74-7.77 (dd, J=1.9 Hz, 6.4 Hz, 1H, Ar), 1235 (C-O) cm-l.
7.57-7.58 (d, J=1.6 Hz, 1H, Ar), 6.88-6.91 (d,
J=8.5 Hz, 1H, Ar)

22 (deuteriochloroform): & 3.96, 4.00 (s, 6H, 1647 (C=0),
-CH;0), 8.30 (s, 1H, Ar), 8.22-8.23 (d, J=2.0 Hz, 1615 (C=C Ar),
1H, Ar), 6.84 (s, 1H, O=C-CH=), 6.97-7.00 (d, 1531 (C=0),

Synthesis of Novel Substituted Flavonoids

Table 2 (continued)

J=8.9 Hz, 1H, Ar), 7.82-8.00 (dd, J=1.8 Hz, 50.3,
1H, Ar), 7.58-7.59 (d, J=2.0 Hz, 1H, Ar), 2.54 (s,

1256 (C-O) cm-1.

63

3H, -CH3)

Synthesis of Flavones 17-22 [20, 25-26].

Compounds 3 (Scheme 4) were mixed with 1.7 times excess
of 3,4,5-trimethoxy benzoyl chloride or 3,4-dimethoxy ben-
zoyl chloride, 4, correspondingly, in pyridine. The reaction
mixture was heated at 70 °C for 4 h, and then poured onto ice
containing 5 N HCI. The precipitate that formed was collected
by vacuum filtration and air dried. The crude product was dis-
solved in pyridine in the presence of 10 times excess of KOH.
The reaction was carried out for 4 h at 65 °C, and then the
mixture poured onto an ice-5 N HCI bath. A yellow precipi-
tate was formed, which was collected by filtration and air
dried. The crude product was dissolved in acetic acid contain-
ing 1 mL concentrated H,SOy,, heated at 60 °C for 4 h and left
stirring overnight at room temperature. After 24 h, the reac-
tion mixture was poured onto an ice-NaHCO3; mixture, the
product collected by filtration and recrystallized from ethanol.
The pure flavone was obtained by purification on
Chromatotrone with CH,Cl,:MeOH 8:1 as eluent. The yields
were 30-50%.
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