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Flavone (1) was found to protect against ethanol-induced gastric damage in rats; however, it 
is known that certain compounds in the flavone class, including flavone itself, are inducers of 
hepatic drug metabolizing enzymes. With the hope of identifying gastroprotective flavones 
that have minimal effects on drug metabolizing enzymes, we have synthesized and evaluated 
selected flavone analogs. Gastroprotective potency in the ethanol model was retained by 
methoxy substitution in the 5-position (4) and by methoxy (12) or methyl (14) substitution in 
the 7-position. A number of substituted analogs of the potent molecule 5-methoxyflavone (4) 
were also synthesized, and in many cases, these substitutions provided gastroprotective 
molecules. In order to assess liver enzyme induction potential, two of the gastroprotective 
flavones, 7-methoxyflavone (12) and 5-methoxy-4'-fluoroflavone (26), were examined for their 
effect on liver microsomal cytochrome P450 and 7-ethoxyresorufin O-dealkylase (CYPlA) 
activity. These two compounds caused minimal changes in the cytochrome P450 concentration 
and were considerably less potent than /3-naphthoflavone as inducers of CYPlA enzyme activity. 
Furthermore, following oral administration to rats , 5-methoxy-4'-fluoroflavone (26) was found 
to protect against indomethacin-induced gastric damage. These results indicate that , through 
appropriate substitution, flavones can be obtained that are gastroprotective but have minimal 
effects on drug-metabolizing enzymes. 

Introduction 
Over 30 million people in the world take nonsteroidal 

antiinflammatory drugs (NSAID's).1 Many patients 
with rheumatoid arthritis or osteoarthritis routinely use 
this medication on a long-term basis. The major side 
effect of this class of drugs is the development of gastric 
ulcers and their associated complications,2-5 a problem 
which can affect as many as 10-25% of all patients on 
chronic NSAID therapy.6 For the most part, standard 
antiulcer medications are ineffective in preventing 
NSAID-induced gastric damage.5,7-9 The prostaglandin 
Ei analog, misoprostol, has been shown to be effective,10 

but its use is limited by side effects including diarrhea, 
abdominal pain, and an increase in uterine contractions, 
the latter leading to misoprostol being contraindicated 
in pregnant women.11 For these reasons, the develop
ment of a safe and effective drug, capable of preventing 
stomach damage induced by NSAID's or other gastric-
damaging substances, represents an important area of 
medicinal research. 

As a result of natural product isolation work, we 
identified gastroprotective properties in the flavone class 
of compounds. Flavones are a group of oxygen-contain
ing heterocycles that contain the 2-phenylbenzopyrone 
ring system. Many flavones are naturally occurring, 
and they comprise a major subclass of a more broadly 
denned family of ubiquitous, low molecular weight plant 
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products known as the flavonoids. Other subclasses of 
flavonoids, such as flavanones12 and chalcones,13 have 
been shown to possess gastroprotective properties. Ad
ditionally, quercetin and other polyhydroxy flavonoids 
have been evaluated for antiulcer properties in the 
acetic acid and acidified ethanol damage models.1415 In 
our initial set of experiments, we found the simple 
unsubstituted molecule flavone (1) to be a potent 
gastroprotective agent in rats, with an ED50 of 6.9 mg/ 
kg in an ethanol-induced gastric damage model.16 

Although substituted flavonoids can serve as useful 
therapeutic agents,17 it is known that molecules in the 
flavone class, such as /3-naphthoflavone and flavone 
itself, have the potential to induce hepatic drug-
metabolizing enzymes,18,19 a property that can increase 
the clearance and thereby decrease the therapeutic 
action of concomitantly administered drugs. Since a 
flavone-based gastroprotective drug would, by definition, 
be coadministered with at least one other therapeutic 
agent (the NSAID), we established as a goal the 
synthesis of flavone analogs that would be gastropro
tective but have minimal effects on drug metabolizing 
enzymes. In this report, we describe the synthesis of a 
number of substituted flavones, as well as the gastro
protective properties of these and related commercially 
available flavones in the ethanol damage model. We 
also describe the enzyme induction properties of two of 
the more promising gastroprotective flavones. Finally, 
the gastroprotective properties of one of these com
pounds in the indomethacin damage model is presented. 

© 1995 American Chemical Society 
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Chemistry 
Four methods (methods A-D), indicated in Schemes 

1 and 2, were employed to prepare analogs of interest 
in this study. The most common method of synthesizing 
flavones is known as the Baker—Venkataraman trans
formation.20-22 In this process, a hydroxyacetophenone 
is first converted into a benzoyl ester, and this species 

-S-R" 

is then treated with base, forming a 1,3-diketone. 
Treatment of this diketone with acid leads to generation 
of the desired flavone. Method A (Scheme 1) illustrates 
an application of the conventional Baker-Venkatara
man synthesis. 3'-Methoxyflavone (21), prepared in this 
way, was demethylated with boron tribromide to provide 
3'-hydroxyflavone (22). Recently, we described a new, 
modified version of the Baker-Venkataraman synthesis 
employing a potassium fert-butoxide-mediated diketone 
synthesis as the key step.23 As indicated in method B 
(Scheme 1), a hydroxyacetophenone was treated with a 
total of 2.2 equiv of potassium tert-butoxide and an 
appropriately substituted benzoyl chloride in tetrahy-
drofuran to form the diketone. We have found diketone 
formation can be accomplished in one of two ways. One 
can either treat the hydroxyacetophenone initially with 
the entire 2.2 equiv of base and then add the acid 
chloride, or alternatively, one may treat the hydroxy
acetophenone sequentially with 1.1 equiv of potassium 
tert-butoxide, the benzoyl chloride, and a second 1.1 
equiv of potassium tert-butoxide. In either case, follow
ing heating the diketone is obtained in a satisfactory 
manner.23 Acid-catalyzed cyclization then provided the 
desired flavone. 

In method C (Scheme 1), A-ring alkoxy-substituted 
flavones were obtained by treatment of the correspond
ing hydroxyflavones with an alkyl halide and potassium 
carbonate in acetone. Finally, method D (Scheme 2) was 
utilized to synthesize certain other A-ring-substituted 
flavones. In this process, conjugate addition of the 
sodium salt of an appropriately substituted phenol to 
ethyl phenylpropiolate, followed by saponification and 
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intramolecular Friedel-Crafts acylation, afforded the 
desired flavone. Ruhemann24'25 had previously utilized 
this process to prepare 8-methoxyflavone (16) as well 
as an inseparable mixture of 5-methylflavone (6) and 
7-methylflavone (14). In our hands, the synthesis of 
8-methoxyflavone (16) proceeded extremely well, and 
this material was converted into 8-hydroxyflavone (17) 
with boron tribromide. Moreover, we also used the 
Ruhemann process to generate the methylflavone mix
ture and then chromatographically separated these 
components. It should be noted that the conjugate 
addition produced the unsaturated ester as an EJZ-
mixture of regioisomers. This mixture was carried 
through to the acid chloride stage, but upon generation 
of the conjugated acylium ion, stereochemical integrity 
was lost, and both isomers ultimately afforded the 
desired flavone. 

Pharmacological Results and Discussion 
It has been established through feeding experiments 

in rats that methoxy substitution in the flavone ring 
can reduce the enzyme-inducing properties of these 
compounds.26 Therefore, we established as a strategy 
the generation of a database of mono- and disubstituted 
flavones, with particular emphasis on methoxy and 
related substituents. These compounds were initially 
screened in the rat ethanol-induced damage model, a 
well-established and convenient model for the evalua
tion of gastric cytoprotection.27'28 Intraperitoneal ad
ministration was employed in this initial screen to 
minimize the likelihood that bioavailability limitations 
might contribute to a compound's low activity. Follow
ing this initial screen, a limited number of the most 
promising compounds were examined for their effects 
on liver microsomal cytochrome P450 and 7-ethoxyre-
sorufin O-dealkylase (CYPlA) activity, as well as gas
troprotective properties following oral administration in 
an indomethacin damage model. 

Flavone gastroprotection data from the rat ethanol 
damage model is presented in Table 1. Data for 
cimetidine and PGE2 are also included for comparison. 
In the benzopyrone portion of the flavone system, 
substitution with methoxy or hydroxy groups in the 3-, 
6-, or 8-positions led to reduction in gastroprotective 
activity. In the 5-position, substitution with a methoxy 
group (4) provided a high level of gastroprotection that 
was comparable to that of flavone (1). All other sub
stitutions in the 5-position led to reduction in activity. 
In the 7-position, two of the substituents examined 
(methoxy 12 and methyl 14) produced a potent level of 
gastroprotection. All substitutions on the isolated 
aromatic B ring (compounds 18—25) led to reduction in 
activity. One compound, 2'-methylflavone 20, did show 
a good level of efficacy at 20 mg/kg, but a desirable 
dose—response relationship was not obtained. A num
ber of novel gastroprotective compounds were synthe
sized by using the promising 5-methoxyflavone (4) as a 
starting point and adding additional substituents to the 
isolated B ring. For example, addition of a fluorine to 
the 4'-position (26) or addition of a trifluoromethyl to 
the 3'-position (32) produced levels of gastroprotective 
activity comparable to the parent compound. This was 
also the case when the 4'-fluoro group was added to the 
7-methoxyflavone nucleus (12), forming compound 34. 

Since we had found that a number of substituted 
flavones could retain the gastroprotective properties of 

the parent compound, we sought to conduct a detailed 
examination of the enzyme-induction potential of a 
limited number of these gastroprotective flavone deriva
tives. It is well established that certain compounds in 
the flavone class are inducers of liver microsomal 
cytochrome P450 IA (CYPlA).18'19 In this study, two 
of the gastroprotective flavones, 7-methoxyflavone (12) 
and 5-methoxy-4'-fluoroflavone (26), were examined for 
their effects on liver microsomal cytochrome P450 in 
mature male rats. Equimolar doses of the compounds 
were administered orally to rats for 4 consecutive days, 
and 24 h after the last dose, liver microsomes were 
prepared by differential centrifugation. These microso
mal samples were analyzed for the concentration of the 
total cytochrome P450 and cytochrome 65, as well as the 
activities of NADPH-cytochrome c reductase and 
7-ethoxyresorufm O-dealkylation (EROD), a measure of 
CYPlA activity. The results are shown in Table 2. 
Neither of the gastroprotective flavones caused a sta
tistically significant change in the concentrations of 
cytochrome P450 and cytochrome 65 or in the activity 
of NADPH-cytochrome c reductase. 5-Methoxy-4'-
fluoroflavone (26) caused a 4.4-fold increase in EROD 
activity, indicating that this compound is a weak 
inducer of CYPlA, whereas 7-methoxyflavone (12) had 
no significant effect on this marker for CYPlA activity. 
In comparison, /3-naphthoflavone (BNF), a strong in
ducer of CYPlA, produced a 20-fold increase in EROD 
activity and a 1.4-fold increase in P450 content. These 
data indicate that appropriate substitution can attenu
ate the P450 induction properties of flavones while 
retaining their gastroprotective characteristics. 

Finally, we examined the ability of the novel com
pound 5-methoxy-4'-fluoroflavone (26) to provide gas
troprotection following oral administration in the acute 
indomethacin damage model. A favorable result here 
would indicate not only that the compound could provide 
protection from NSAID-induced damage but also that 
the compound was sufficiently bioavailable for oral 
administration. The result is shown in Table 3. At a 
30 mg/kg dose, the 4'-fluoro derivative 26 provided 76% 
gastroprotection. These data suggest that compound 26, 
although not nearly as potent as PGE2, is capable of 
providing a reasonable level of efficacy in the in
domethacin model. 

In summary, we have found that, through appropriate 
substitution, flavones can be obtained which are gas
troprotective in the ethanol damage model but have 
minimal effects on CYPlA activity in rat liver mi
crosomes. One of these compounds, 5-methoxy-4'-fluo-
roflavone 26, has also shown gastroprotective activity 
following oral administration in the rat indomethacin 
damage model. Efforts to examine the effect of changes 
on the flavone ring, as well as efforts to understand the 
mechanism of action of these compounds, are underway 
and will be reported in due course. 

Experimental Section 

Reagents were purchased from the Aldrich Chemical Co. 
unless otherwise indicated. Liquid chromatography was 
performed (a) using flash chromatography conditions (silica 
gel, 50—60 ^m), (b) filtering through a fritted-glass funnel 
packed with a layer of sand/flash silica gel/sand using a water-
aspirator vacuum (hereafter this method will be referred to 
as a vacuum column), or (c) using a Chromatotron (Harrison 
Research, Palo Alto, CA) on 1-, 2-, and 4-mm silica gel rotors 
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Table 1. Evaluation of Substituted Flavones as Gastroprotective Agents in Rat Ethanol Damage Model 

1 * 

compound substituent % protection6 
ED5o

c 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

15 
16 
17 
18 

19 

20 
21 
22 
23 
24 
25 
26 

27 
28 
29 
30 
31 
32 

33 
34 

35 
36 
cimetidine (52 mg/kg, oral administration) 
PGE2 (0.1 mg/kg, oral administration) 

none (Flavone) 
3-OMe 
3-OH 
5-OMe 
5-OH 
5-Me 
5-OEt 
5-O-allyl 
5-OBu 
6-OMe 
6-OH 
7-OMe 
7-OH 
7-Me 

7-OEt 
8-OMe 
8-OH 
2'-0Me 

2'-0H 

2'-Me 
3'-0Me 
3'-OH 
4'-0Me 
4'-OH 
4'-Me 
5-OMe, 4' 

5-OMe, 4' 

-F 

-Me 
5-OMe, 4'-NO2 
5-OMe, 4' -Cl 
5,4'-(OMe)2 
5-OMe, 4'-CF3 
5-OMe, 3' 

5-OMe, 2' 
7-OMe, 4' 

-CF3 

-Cl 
-F 

7-OMe, 3'-CF3 
7-OMe, 2' -Cl 

Aldrich 
Spectrum 
Indofine 
Indofine 
Indofine 
method D 
method C 
method C 
method C 
Indofine 
Indofine 
Indofine 
Indofine 
method D 

method C 
method D 
method D 
Indofine 

Indofine 

method B 
method A 
method A 
Indofine 
Indofine 
method B 
method B 

method B 
method B 
method B 
method B 
method B 
method B 

method B 
method B 

method B 
method B 

93 
41 
47 
97 
58 
52 
36 
57 
75 
29 
57 
89 
75 
90 

87 
53 
46 
66 

78 

92 
48 
71 
21 
63 
68 
97 

93 
52 
94 
33 
65 
90 

89 
67 

67 
80 
14 
82 

6.9(4.4-16.9) 

2.6(1.4-5.0) 

5.9(3.1-14.6) 

5.6(3.4-13.8) 

22.4(13.2-81.2) 

15.6 (8.2-120.4) 

5.5 (4.0-7.0) 

3.3 (2.1-4.7) 

8.9(6.3-14.3) 

a Commercial supplier or synthetic method utilized. 6 Percent protection from gastric damage relative to vehicle control following 
intraperitoneal administration of drug (20 mg/kg).c Dose in mg/kg required to produce a 50% gastroprotection level relative to control, 
as calculated from dose-response experiments; 95% confidence limits are shown in parentheses. 

Table 2. Effects of Substituted Flavones on Rat Liver Microsomal Cytochrome P450 

treatment group" 
vehicle control 
/3-naphthoflavone 

(positive control) 
12 
26 

daily dose 
(mg/kg) 

100 

250 
268 

cytochrome P450 
(nmol/mg of protein)6 

1.48 ± 0.12 
2.02 ± 0.15 

1.42 ± 0.23 
1.17 ±0.17 

cytochrome 65 
(nmol/mg of 

protein/min)6 

0.63 ± 0.11 
0.79 ± 0.05 

0.73 ±0 .11 . 
0.65 ± 0.06 

NADPH cytochrome c 
reductase (nmol/mg of 

protein/min)6 

295 ± 76 
166 ± 11 

339 ± 68 
275 ± 5 

EROD0 

(pmol/mg of 
protein/min)6 

253 ± 33 
5010 ± 500 

442 ± 59 
1110 ± 220* 

" Male rats (n = 4/group) were treated with vehicle or compound as described in the Experimental Section. 6 Values are mean ± standard 
deviation of four determinations. * Significantly different from the control value as determined by Dunnett's test (a < 0.05). No statistical 
comparisons were made between /S-naphthoflavone and control.c EROD, 7-ethoxyresorufin O-dealkylase, is a measure of CYPlA enzyme 
activity.19 

which were prepared according to the manufacturer's instruc
tions. Thin layer chromatography (TLC) was accomplished 
using silica gel GHLF (250 ^m) on prescored plates (10 x 20 
cm) obtained from Analtech, Inc. Tetrahydrofuran (THF) was 
dried over sodium/benzophenone. Proton and carbon-13 nuclear 
magnetic resonance (1H NMR, 13C NMR) spectra were recorded 
using a GE QE-300 spectrometer or a Bruker AC-300 Quad-

nuclei probe system using CDCl3 as a solvent except where 
noted. Mass spectra (MS) were obtained on a Finnigan Model 
TSQ700, TSQ46CH, or TSQ4500. Melting points were run on 
a Thomas-Hoover capillary melting point apparatus and are 
uncorrected. Elemental analyses were obtained from GaI-
braith Laboratories, Knoxville, TN, or Oneida Research Ser
vices, Whitesboro, NY. 
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Table 3. Evaluation of Gastroprotective Agents in Rat 
Indomethacin Damage Model 

compound dose (mg/kg) % protection" 

26 io 76 
PGE2 0.25 61 

a Percent protection from gastric damage relative to vehicle 
control following oral administration of compound. 

Compounds 1 -5 ,10-13,18 ,19 , 23, and 24 were purchased 
from commercial sources, which are indicated in the Table 1. 
The synthesis, physical properties, and spectral characteristics 
of compounds 20, 25-27, 29, 31, and 34-36 have been 
previously described.23 Compounds 28, 30, 32, and 33 were 
prepared by method B in 32-57% yield according to known 
procedures.23 Their physical and spectral properties are noted 
as follows. 

2-[3-(Trifluoromethyl)phenyl]-5-methoxy-4ff-l-benzopy-
ran-4-one (32, 5-methoxy-3'-(trifluoromethyl)flavone): 
mp 184-185 0C; 1H NMR (300 MHz) 6 3.98 (s, 3 H, OCH3), 
6.75 (s, 1 H), 6.83 (d, 1 H, J = 8 Hz), 7.14 (d, 1 H, J = 8 Hz), 
7.59 (m, 2 H), 7.75 (d, 1 H, J = 7 Hz), 8.03 (d, 1 H, J = 7 Hz), 
8.13 (s, 1 H); 13C NMR (75 MHz) 6 56.47, 106.85, 109.92, 
110.06,115.25,121.94,122.87,125.46,127.67,129.10,129.52, 
131.63,131.99,132.56,133.90,158.21,159.28,159.92,177.60; 
MS (CI) mlz 321 [M + H]+. Anal. (Ci7HiIF3O3)C1H. 

2-(2-Chlorophenyl)-5-methoxy-4iJ-l-benzopyran-4-
one (33, 5-methoxy-2'-chloroflavone): mp 148-149 0C; 1H 
NMR (300 MHz) <5 3.98 (s, 3 H, OCH3), 6.55 (s, 1 H), 6.82 (d, 
1 H, J = 8 Hz), 7.05 (d, 1 H, J = 8 Hz), 7.39 (m, 2 H), 7.53 (m, 
3 H); 13C NMR (75 MHz) 6 56.48, 106.66, 110.17, 114.47, 
114.71,126.93,130.51,130.71,131.49,131.67,132.95,133.70, 
158.61, 159.93, 160.26, 177.60; MS (CI) mlz 287 [M + H]+. 
Anal. (Ci6HnC103) C, H. 

2-(4-Nitrophenyl)-5-methoxy-4fl-l-benzopyran-4-one 
(28,5-methoxy-4'-nitroflavone): mp >237 0C; 1H NMR (300 
MHz, acetic acid-d4) 6 3.97 (s, 3 H, CH3), 6.99 (d, 1 H, J = 8 
Hz), 7.24 (s, 1 H), 7.30 (d, 1 H, J = 8 Hz), 7.75 (apparent t, 1 
H), 8.24 (m, 2 H), 8.39 (m, 2 H); 13C NMR (75 MHz, acetic 
acid-d4) 6 55.43,106.99,109.80,110.00,123.95,127.30,135.26, 
136.67, 149.61, 158.31, 159.69, 159.95, 179.73; MS (CI) mlz 
298 [M + H]+. Anal. (Ci6HnN06) C, H. 

2-(4-Methoxyphenyl)-5-methoxy-4ff-l-benzopyran-4-
one (30, 5,4'-dimethoxyflavone): mp 159-160 0C; 1H NMR 
(300 MHz) d 3.87 (s, 3 H, OCH3), 3.98 (s, 3 H, OCH3), 6.66 (s, 
1 H), 6.78 (d, 1 H, J = 8 Hz), 6.99 (d, 2 H, J = 8 Hz), 7.13 (d, 
1 H, J = 8 Hz), 7.56 (apparent t, 1 H), 7.81 (d, 2 H, J = 8 Hz); 
13C NMR (75 MHz) d 55.47, 56.50, 106.34, 107.72, 110.11, 
114.37,114.52,123.70,127.73,133.53,158.23,159.72,161.08, 
162.17,178.34; MS (CI) mlz 283 [M + H]+. Anal. (Ci7Hi4O4) 
C, H. 

2-Phenyl-8-methoxy-4fl-l-benzopyran-4-one (16, 8-
Methoxyflavone). Flavone 16 was prepared in 63% yield 
from guaiacol (Eastman Kodak Co.) and ethyl phenylpropiolate 
according to the procedure of Ruhemann,24 mp 198-199 0C 
(lit. mp 199-200 0C). 

2-Phenyl-8-hydroxy-4fJ-l-benzopyran-4-one (17, 8-Hy-
droxyflavone). A solution of 16 (1.0 g, 3.97 mmol) in 
methylene chloride (8 mL) was cooled in an ice-water bath, 
and boron tribromide (8 mL of a 1 M solution in methylene 
chloride, 8 mmol) was added. The mixture was allowed to 
warm to room temperature and stir over a weekend. The 
reaction mixture was poured into ice water with stirring. The 
gummy solid that formed was filtered and vacuum dried. The 
residue remaining was partitioned between water and meth
ylene chloride. The layers were separated, and the organic 
layer was dried and evaporated to afford a solid. The two 
batches of crude product were combined and recrystallized 
from ethanol to afford the product (0.77 g, 82% yield): mp 
>220 0C; 1H NMR (300 MHz, DMSO-^6) <5 7.01 (s, 1 H), 7.21 
(m, 2 H), 7.45 (m, 1 H), 7.58 (m, 3 H), 8.11 (m, 2 H), 10.49 (br 
s, 1 H, OH); 13C NMR (75 MHz, DMSO-d6) <5 107.03, 114.56, 
119.80, 125.08, 125.71, 126.80, 129.49, 131.72, 132.13, 145.75, 
147.38, 162.47, 177.74; MS (CI) mlz 239 [M + H]+. Anal. 
(Ci5HiOO3) C, H. 

2-Phenyl-5-methyl-4ff-l-benzopyran-4-one (6, 5-Meth-
ylflavone) and 2-Phenyl-7-methyl-4ff-l-benzopyran-4-
one (14,7-Methylflavone). Flavones 6 and 14 were prepared 
from m-cresol and ethyl phenylpropiolate by the procedure of 
16, which yielded two isomers. These were purified by 
chromatotron (eluting with 15% ethyl acetate in hexane), 
yielding 12% of 5-methylflavone and 26% of 7-methylflavone. 

5-Methylflavone (6): mp 125-127 0C (lit.29 mp 129-130 
0C). 

7-Methylflavone (14): mp 120-121 0C (lit.29 mp 120 0C). 
2-Phenyl-5-(2-proprenoxy)-4ff-l-benzopyran-4-one [8, 

5-(Allyloxy)flavone]. A mixture of 5-hydroxyflavone (1.0 g, 
4.2 mmol, Indofme Chemicals), 3-iodo-l-propene (3.52 g, 1.92 
mL, 21 mmol), potassium carbonate (5.8 g, 42 mmol), and 
acetone (25 mL) was heated at reflux for 6 h. The reaction 
mixture was filtered hot, and the potassium carbonate cake 
was washed well with acetone. Evaporation of the filtrate 
afforded a yellow solid which was purified by flash column 
chromatography (eluting with 25% ethyl acetate in hexane) 
to afford a wjiite solid (820 mg, 70% yield): mp 128-129 0C; 
1H NMR (300 MHz) <5 4.78 (m, 2 H, OCH2), 5.38 (m, 1 H), 5.71 
(m, 1 H), 6.08-6.24 (m, 1 H), 6.74 (s, 1 H), 6.85 (d, 1 H, J = 
8.5 Hz), 7.17 (d, IH, J = 8.5 Hz), 7.55 (m, 4 H), 7.92 (m, 2 H); 
13C NMR (75 MHz) d 69.88, 108.10, 109.07, 110.28, 114.95, 
117.73,126.02,128.92,131.29,131.46,132.36,133.55,158.25, 
158.62, 160.95, 178.04; MS (CI) mlz 279 [M + H]+. Anal. 
(Ci8Hi4O3) C, H. 

2-Phenyl-7-ethoxy-4ff-l-benzopyran-4-one (15, 7-Ethox-
yflavone). Flavone 15 was prepared in 61% yield from 
7-hydroxyflavone (Indofine Chemicals) and iodoethane by the 
procedure of 8. The material was recrystallized from 2-pro-
panol: mp 138-139 0C (lit.30 mp 138-140 0C). 

2-Phenyl-5-ethoxy-4H-l-benzopyran-4-one (7) (5-ethox-
yflavone). Flavone 7 was prepared in 56% yield from 
5-hydroxyflavone (Indofine Chemicals) and iodoethane by the 
procedure of 8. The material was purified by flash column 
chromatography (gradient elution of 60% ethyl acetate in 
hexane, 80% ethyl acetate in hexane, and 100% ethyl ac
etate): mp 111-113 0C; 1H NMR (300 MHz) d 1.61 (t, 3 H, 
CH3, «7 = 8 Hz), 4.25 (q, 2 H, CH2, J = 8 Hz), 6.72 (s, 1 H), 
6.84 (d, 1 H, J = 9 Hz), 7.12 (d, 1 H, J = 9 Hz), 7.51 (m, 4 H), 
7.92 (m, 2 H); 13C NMR (75 MHz) 6 14.60, 65.12, 107.68, 
109.08,109.93,114.95,126.04,128.91,131.26,131.52,133.61, 
158.30, 159.12, 160.90, 178.21; MS (CI) mlz 267 [M + H]+. 
Anal. (Ci7Hi4O3)C1H. 

2-Phenyl-5-butoxy-4Jff-l-benzopyran-4-one (9, 5-Bu-
toxyflavone). Flavone 9 was prepared in 39% yield from 
5-hydroxyflavone (Indofine Chemicals) and 1-iodobutane by the 
procedure of 8. The material was purified by vacuum column 
(eluting with 25% ethyl acetate in hexane) and flash column 
chromatography (20% ethyl acetate in hexane) and then 
recrystallized from ethyl acetate: mp 96-97 0C; 1H NMR (300 
MHz) 6 1.04 (t, 3 H, CH3, J=I Hz), 1.65 (m, 2 H, CH2), 1.94 
(m, 2 H, CH2), 4.15 (t, 2 H, OCH2, J=I Hz), 6.69 (s, 1 H), 
6.81 (d, 1 H, J = 9 Hz), 7.11 (d, 1 H, J = 9 Hz), 7.53 (m, 4 H), 
7.89 (m, 2 H); 13C NMR (75 MHz) <513.89,19.22, 31.07, 69.25, 
107.61,109.12,109.79,114.86,126.05,128.91,131.23,131.59, 
133.58,158.31,159.39,160.87,178.12; MS (CI) m Iz 295 [M + 
H]+. Anal. (Ci9Hi8O3)C1H. 

2-[(3-Methoxybenzoyl)oxy]acetophenone (37). To m-
anisic acid (2.0 g, 13.15 mmol) in methylene chloride (28 mL) 
was added oxalyl chloride (2.08 g, 1.43 mL, 16.44 mmol) 
followed by dimethylformamide (0.09 g, 0.1 mL, 1.31 mmol), 
resulting in gas evolution. This reaction mixture was stirred 
at room temperature for 2 h and then evaporated to dryness. 
Methylene chloride was added again, and the solution was 
evaporated to dryness to afford the crude acid chloride. To a 
stirring solution of this acid chloride in pyridine (10 mL) in 
an ice-water bath, was added 2-hydroxyacetophenone (1.19 g, 
8.77 mmol). The reaction mixture was left in the ice bath for 
15 min, stirred at room temperature for 30 min, and poured 
into a 3% aqueous HCl/ice solution with vigorous stirring. The 
precipitate which formed was filtered and washed with water. 
The crude material was recrystallized from methanol, yielding 
the acetophenone 37 (1.75 g, 74% yield): 1H NMR (300 MHz) 
6 2.57 (s, 3 H,), 3.91 (s, 3 H), 7.25 (m, 2 H), 7.45 (m, 2 H), 7.63 
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(m, 1 H), 7.75 (m, 1 H), 7.89 (m, 2 H); 13C NMR (75 MHz) 6 
29.69, 55.48, 114.70, 120.37, 122.68, 123.82, 126.09, 129.67, 
130.14,130.56,131.46,133.23,149.36,159.81,164.93,197.36; 
MS (CI) mlz 271 [M + H]+. 

l-(2-Hydroxyphenyl)-3-(3-methoxyphenyl)propane-l,3-
dione (38). A solution of acetophenone 37 (2.78 g, 10.29 
mmol) and pyridine (9.5 mL) was heated to 50 0C, and to it 
was added pulverized potassium hydroxide (0.86 g, 15.44 
mmol). The reaction mixture was stirred for 15 min, and upon 
cooling, 14 mL of a 10% aqueous acetic acid solution was 
added. The pale yellow precipitate which formed was filtered. 
This crude material (2.72 g) was used in the next step without 
purification. 

2-(3-Methoxyphenyl)-4fl-l-benzopyran-4-one (21, 3 -
Methoxyflavone). A mixture of the diketone 38 (2.72 g, 10 
mmol), concentrated sulfuric acid (0.51 mL), and glacial acetic 
acid (13 mL) was heated at reflux for 1 h and cooled to room 
temperature. The mixture was poured onto crushed ice (75 
g), and the resulting precipitate was filtered. Recrystallization 
from hexane/ethyl acetate afforded the product (1.65 g, 65% 
yield): mp 127-129 0C (lit.31 mp 130-131 0C). 

2-(3-Hydroxyphenyl)-4ff-l-benzopyran-4-one (22, 3'-
Hydroxyflavone). Flavone 22 was prepared in 86% yield 
from 21 and boron tribromide by the procedure of 17. The 
crude material was recrystallized from ethanol: mp 209—211 
0C (lit.31 mp 209-211 0C). 

Gastroprotection Evaluation: Animals. Male CD Spra-
gue-Dawley rats were supplied from Charles River Breeding 
Laboratories, Kingston, New York. Upon receipt, rats were 
double housed in stainless steel mesh-bottom cages with ad 
libitum access to food (Laboratory Rodent Diet no. 5001 from 
PMI Feeds, Inc.) and water. Animals were allowed to ac
climate for a minimum of 5 days prior to use. 

Test Suspensions. Flavonoids were prepared 30-60 min 
prior to dosing in a poly(ethylene glycol)-200/l% methyl 
cellulose (PEG/MC) vehicle. A 5% weight/weight solution of 
the flavonoid in the PEG-200 (Sigma Chemical Co., St. Louis, 
MO) was first made. This was heated to solubilize the 
compound into the PEG-200 solvent. The required amount of 
this solution was weighed into 1% MC (4000 cps, Fisher 
Chemical Co., Fair Lawn, NJ) in deionized water to achieve 
the desired mg/kg dose in a 1 mL volume. The compound/ 
PEG/MC mixture was probe sonicated to achieve a uniform 
suspension. Suspensions were kept homogeneous during 
dosing by magnetically stirring. Prostaglandin E2 (PGE2) 
(Sigma Chemical Co.) was prepared for dosing from a stock 
solution of 1 mg/mL in 100% ethanol which was kept in the 
- 2 0 0C freezer between uses. An aliquot of the stock was 
added (vol/vol) to saline, on ice, and purged with nitrogen gas, 
to make the required dosing solution. These dosing solutions 
were mixed by inversion and kept on ice prior to and 
throughout the dosing period. Cimetidine (Sigma Chemical 
Co.) was prepared in the same manner as the flavonoids. 

Damaging Agents. Gastric damage was induced with 
either ethanol or indomethacin according to the procedures 
outlined below. 100% Ethanol (AAPER Alcohol and Chemical 
Co., Shelbyville, KY) was used in a volume of 1 mL. In
domethacin (Sigma Chemical Co.) was prepared weight/volume 
in a vehicle of 0.5% methyl cellulose made in 2.0% Tween 20 
(Sigma Chemical Co.) by weighing the appropriate amount of 
the compound into a vial and diluting it to a concentration of 
20 mg/kg. The suspension was bath-sonicated for 10—20 min 
prior to dosing and magnetically stirred during the dosing 
period. 

Animal Preparation. For both gastric damage protocols, 
rats were weighed, tailcupped to prevent coprophagy, single-
housed, and food-fasted overnight prior to dosing. Each 
treatment group consisted of 7—10 rats. The mean weight of 
all rats was used to calculate dose concentrations. Rats were 
used in a range of 225-350 g, with no more than a 50 g range 
of weights in a single experiment. Rats received water ad 
libitum but remained food-fasted for the entire period of the 
experiment. 

Ethanol Damage Model Protocol. In the morning after 
initiation of the fast, rats were administered the test com
pounds by intraperitoneal injection (1 mL/rat). One hour later, 
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rats received 1 mL of 100% ethanol by oral gavage with an 8 
French nelathon catheter. One hour after ethanol challenge, 
the rats were anesthetized by carbon dioxide inhalation and 
euthanized by cervical dislocation. The abdomen was opened, 
the stomach quickly removed and cut opened along the greater 
curvature. Stomach contents were rinsed away by dipping the 
open stomach into two consecutive beakers of saline. Each 
stomach was then placed in an individual vial of saline until 
all of the stomachs had been collected. 

Iodomethacin Damage Model Protocol. In the morning 
after initiation of the fast, rats were administered the test 
compounds by oral gavage (1 mL/rat) with an 8 French 
nelathon catheter. Thirty minutes later, indomethacin was 
administered, also by oral gavage. Rats were sacrificed 4 h 
after the indomethacin dosing and stomachs removed in the 
same manner as described for the ethanol model. 

Stomach Preparation and Lesion Analysis. Prior to 
analysis, stomachs were removed from saline, blotted dry and 
spread flat on small prelabeled cards for individual identifica
tion, mucosal surface up. When stored for later analysis, 
mounted stomachs were placed face down on saran wrap, 
wrapped to seal the edges and placed in a -20 0C freezer. 
Gastric damage was determined by one of two systems. The 
Zeiss interactive digitizing analysis system (ZIDAS) was used 
for the majority of ethanol damage studies and all indometha
cin damage studies. The Optimas system was used for some 
of the ethanol damage studies. With the ZIDAS system, 
thawed stomachs were viewed under a dissecting microscope 
equipped with a drawing tube and digitizing pad on which the 
observer traced the length of each lesion with a lighted cursor. 
The ZIDAS converted cursor-traced lesions to millimeters 
using an internal conversion analysis. The ZIDAS summed 
the lesions for the total length of lesions for each stomach. 
Stomachs to be analyzed by the Optimas were not frozen but 
analyzed immediately. The Optimas Image Analysis System 
acquires and stores an image of the whole stomach with a video 
camera. Lesion areas were identified by differences in light/ 
dark contrast, converted to mm2 by the Optimas program using 
an internal conversion factor. The total area of damage was 
determined for each stomach and the treatment group mean 
used for comparison. 

Statistics. For gastroprotection studies, gastric damage 
measurements were placed in an Excel spreadsheet for initial 
statistical analysis. Dixon's criteria for testing extreme ob
servations in a single sample was used to identify and exclude 
outliers. The mean, standard deviation, and standard error 
were calculated for each treatment group. The percent protec
tion was determined for each treatment group compared with 
vehicle control group with the formula: 1 - (treatment mean 
damage/control mean damage) x 100. Standard regression 
analysis in a SAS program was used to determine the dose 
required to provide 50% protection (ED50) in the ethanol 
damage model. A line was generated with the formula y = 
mx + b, where b = the constant, m = slope, y = % protection. 
The value for x (mg/kg) was determined at 50% protection. 
Total area was plotted vs the log dose, and the straight line 
was generated using the least squares method; 95% confidence 
limits were calculated according to the method of Snedecor 
and Cochran.32 

Cytochrome P450 Evaluation: Animals. Sprague— 
Dawley CD mature male rats were supplied from Charles 
River Breeding Laboratories, Portage, MI. During the 6 day 
acclimation period and throughout the course of the study, rats 
were housed individually in stainless-steel mesh-bottom cages 
with free access to food (Purina Rat Chow no. 5002) and water. 
At study initiation, rats were approximately 8 weeks of age 
and body weights ranged from 224 to 275 g. 

Test Suspensions. 7-Methoxyflavone (12) and 5-methoxy-
4'-fluoroflavone (26) were micronized (Micron-Master Jet 
Pulverizer, Jet Pulverizer Co., Morristown, NJ) with Avicel 
PH102 (FMC Corporation, Philadelphia, PA) prior to preparing 
dose suspensions with 0.5% methyl cellulose/0.5% polysorbate 
80 (ICI Americas, Inc., Wilmington, DE) in water. The positive 
control, /?-naphthoflavone (BNF, Sigma), was prepared as a 
suspension in corn oil (The Procter & Gamble Co.). The vehicle 
control was prepared as a solution of 0.5% methyl cellulose/ 
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0.5% polysorbate 80 in water. Dose suspensions/solutions were 
prepared fresh on the first day of dosing and were adminis
tered throughout the study. All dosing suspensions/solutions 
were stored at 4 0C between dosing periods. 

Experimental Procedures. Each treatment group con
tained four rats. Compounds 12 and 26 were administered 
perorally at 250 and 268 mg/kg, respectively. The dosages 
were the highest dosages considered to be nontoxic to test 
animals. BNF was chosen as a positive control on the basis 
of its well-recognized ability to induce CYPlA19 and was 
administered intraperitoneal^ at 100 mg/kg, a maximal 
effective dosage for the induction of CYPlA. All treatment 
groups were dosed once a day for 4 consecutive days. Twenty-
four hours following the last dose, rats were terminated by 
CO2 asphyxiation, livers were harvested, and microsomes were 
prepared according to the method of Guengerich.33 The 
concentration of cytochrome P450 was determined by the 
method of Omura and Sato34 from the carbon monoxide 
difference spectrum of dithionite-reduced microsomes on the 
basis of an extinction coefficient of 91 mM"1 cm-1. The 
concentration of cytochrome 65 was determined from the 
difference spectrum between oxidized and reduced cytochrome 
65 on the basis of an extinction coefficient of 185 mM"1 cm"1.34 

NADPH-cytochrome c reductase activity was determined by 
the method of Phillips and Landon.35 The rate of reduction of 
cytochrome c was calculated from the rate of increase in 
absorbance at 550 nm on the basis of an extinction coefficient 
of 19.1 mM - 1 cm"1 for reduced vs oxidized cytochrome c. The 
7-ethoxyresorufin O-dealkylase assay, which monitors the 
induction of CYPlA, was measured by the fluorimetric method 
of Burke et al.19 
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