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Quinazolinones, 2-substituted and 3-substituted, mainly synthesized by microwave irradiation,
were subjected to anti-platelet aggregation and inhibition of superoxide anion generation
assays. Interestingly, 2-phenyl-4-quinazolinone (4) exhibited significant inhibitory activities
toward platelet aggregation and neutrophil activation, and it might therefore serve as a proto-

type lead compound.

Key words: Hydrangea chinensis, Quinazolinones, Anti-platelet aggregation, Superoxide

anion generation, Microwave

INTRODUCTION

The roots of Hydrangea chinensis were used for the
treatment of malaria and cardiovascular diseases (Chiang-
Su, 1978). In a previous investigation on this species, the
quinazolinones, febrifugine and isofebrifugine, exhibited
significant anticancer activity against mouse mammalian
tumor FM3A cell line (Kobayashi et al., 1999). Moreover,
quinazolinones are one of the frequently encountered
heterocycles in medical chemistry literature with such
applications as anticonvulsant (Mannschreck et al., 1984),
antibacterial agent (Ravikanth ef al., 2000), anti-malarial
agent (Murata ef al., 1999), inhibitor of DNA repair enzyme
poly(ADP-ribose) polymerase (PARP) (Griffin et al., 1998),
and antagonist of angiotensin (De Laszlo et al., 1993).

Currently, there has been increasing interest in the use
of microwave irradiation techniques in organic syntheses
(Seijas et al., 1999). A number of synthetically useful
organic reactions have been carried out in the microwave
oven in open vessels (Seger et al., 1998; Sharma et al.,
1989; Malamas et al., 1991). In each case, the reactions
proceeded in a highly accelerated manner, with final
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product yields and purity comparable to those obtained
with traditional protocols. Due to the excellent biological
functions of quinazolinones, a series of 2-substituted and
3-substituted derivatives were synthesized in the current
investigation by using a domestic microwave machine,
and all products were subjected to anti-platelet aggregation
and inhibition of superoxide anion generation assays.

MATERIALS AND METHODS

Instruments and reagents

Melting points were determined on a Laboratory Devices
Mel-Temp ll and were uncorrected. The UV spectra were
obtained on a Hitachi 200-20 spectrophotometer, IR
spectra on a Hitachi 260-30 spectrophotometer, and 'H-
NMR (400 and 200 MHz, using CDCl, as solvent) spectra
on a Varian NMR spectrometer (Unity Plus). Low-resolution
EIMS were collected on a JEOL JMS-SX/SX 102 A mass
spectrometer or Quattro GC/MS spectrometer featuring a
direct inlet system. The reactant mixtures in a test tube
were irradiated in a domestic microwave (530 W, Sunhow)
oven for 10 minutes. Silica gel 60 (Merck, 230-400 mesh)
was used for column chromatography. The spots were
detected by spraying with 50% H,SO, and then heating
on a hot plate.
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General experimental procedure for the synthe-
sis of 2-substituted quinazolinones

A mixture of 2-amino benzoic acid (1 mmol) and an
amide (1.5 mmol) in a test tube was irradiated in a micro-
wave oven for 10 minutes. After cooling, the crude reaction
product was purified by column over silica (or alumina)
gel to afford the 2-substituted quinazoline (Seger et al.,
1998).

4-Quinazolinone (1)

White powder; mp 215-217 °C; IR (Neat) vyac 1697,
1657, 1607 cm™; UV (MeOH) Ao : 223, 263, 270(sh),
300, 312 nm; 'H-NMR (CD,0OD): § 8.23 (1H, dd, J = 8.8,
0.8 Hz), 8.10 (1H, s), 7.84 (1H, td, J = 8.8, 0.8 Hz), 7.70
(1H, dd, J = 8.8, 0.8 Hz), 7.60 (1H, td, J = 8.8, 0.8 Hz);
EIMS m/z: 146 [M]"; yield 60%.

2-Methyl4-quinazolinone (2)

White powder; mp 240-242 °C; IR (Neat) vyac 2956,
2928, 2868, 1726, 1273, 1120, 1069 cm™'; UV (MeOH)
Amax: 223, 263, 270(sh), 303, 312 nm; 'H-NMR (CD,OD):
68.18 (1H, dd, J=8.0, 1.6 Hz), 7.80 (1H, td, /= 8.0, 1.6
Hz), 7.61 (1H, dd, J = 8.0, 1.6 Hz), 7.49 (1H, td, J = 8.0,
1.6 Hz), 2.46 (3H, s); EIMS m/z: 160 [M]"; yield 57%.

2-Ethyl-4-quinazolinone (3)

White powder; mp 232-234 °C; IR (Neat) vp.c 3037,
2974, 2847, 1680, 1605, 1120, 1462, 893, 768 cm™"; UV
(MeOH) A, 280, 263, 305 nm; 'H-NMR (CDCl,): & 8.28
(1H, dd, J = 8.0, 0.6 Hz), 7.75 (2H, m), 7.48 (1H, td, J =
7.2,12Hz),283 (2H, q, J=6.6 Hz), 145 (3H,t, J=6.6
Hz); EIMS mv/z: 173 [M-1]"; yield 58%.

2-Phenyl-4-quinazolinone (4)

White powder; mp 220-222 °C; IR (Neat) V... 1666,
1599, 1477, 765, 691 cm™; UV (CHCLs) Apa : 225, 243,
290, 321(sh) nm; "H-NMR (CDCl,): 8 8.31 (1H, dd, J=8.0,
0.6 Hz), 8.07 (2H, m), 7.82 (2H, m), 7.57 (4H, m); EIMS
m/z: 222 [M]"; yield 55%.

2-(4-Methoxylphenyl)-4-quinazolinone (5)

White powder; mp 178-180 °C; IR (Neat) vp.. 1669,
1581, 764 cm™"; UV (CHCls) Amax: 222, 243, 297 nm; 'H-
NMR (CDCls): 6 8.31 (1H, dd, J = 8.0, 0.6 Hz), 7.80 (2H,
m), 7.70-7.28 (4H, m), 7.12 (1H, dd, J = 7.8, 2.4 Hz), 3.95
(3H, s); EIMS nvz: 251 [M-1]; yield 55%.

8-Methoxy-2-methyl-4-quinazolinone (6)

White oil; IR (Neat) v,.,: 2965, 1672, 1618, 1572, 1269,
754 cm™; UV (MeOH) An.c 225(sh), 243, 280, 318,
325(sh) nm; "H-NMR (CD,;0OD): & 7.73 (1H, dd, J = 7.8,
1.6 Hz), 7.45-7.25 (2H, m), 3.99 (3H, s), 2.46 (3H, s);
EIMS m/z: 189 [M-1]"; yield 28%.
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2-Ethyl-8-methoxy-4-quinazolinone (7)

White powder; mp 261-263 °C; IR (Neat) vma 1679,
1618, 1568, 1264, 753, 721 cm™"; UV (CHCl) Apex: 243,
280, 322 nm; 'H-NMR (CD;0OD): § 7.68 (1H, dd, J = 7.8,
1.0 Hz), 7.41 (1H, dd, J=7.8 Hz), 7.25 (1H, dd, /= 7.8,
1.0 Hz), 4.02 (3H, s), 3.09 (2H, q, J = 7.2 Hz), 1.43 (3H, t,
J =7.2 Hz); EIMS m/z: 203 [M-1]’; yield 26%.

8-Methoxy-2-phenyl-4-quinazolinone (8)

White oil; IR (Neat) v, 1664, 1597, 1559, 1266, 751,
689 cm™; UV (MeOH) An.c 240, 300, 325(sh) nm; 'H-
NMR (CD,OD): & 8.03 (2H, m), 7.80 (1H, dd, J=7.8, 1.6
Hz), 7.60-7.30 (5H, m), 4.03 (3H, s); EIMS m/z: 251 [M-
17"; yield 25%.

Synthesis of 3-(2-hydroxy-2-phenylethyl)-3,4-dihy-
droquinazolin-4-one (9)

4-Quinazolinone (1) (110 mg, 0.75 mmol) was suspended
in 10 mL isopropanol containing 0.05 mL pyridine. While
the mixture was heated slowly to 120 °C (oil bath) 0.1 mL
(8.8 mmol) of styrene oxide was added. After dissolution
of the components the reaction mixture turned to brown
from yellow. After 5 h at reflux, the reaction mixture was
allowed to cool slowly in the oil bath. Column chromato-
graphy of the reaction mixture gave 86 mg (43 %) of 9.
White powder; mp 160-162°C; IR (Neat) v,..,: 3404, 2922,
1671, 1608, 1472, 1373, 772, 753, 696 cm™'; UV (MeOH)
Amax: 243, 270, 303 nm; 'H-NMR (CDCl,): 8 8.20 (1H, s),
8.25 (1H, dd, J=7.8, 1.2 Hz), 7.80 (1H, m), 7.67 (1H, br.
d, J = 8.0 Hz), 7.50-7.60 (3H, m}, 7.40-7.30 (3H, m), 5.12
(1H, dd, J=9.2, 3.2 Hz), 445 (1H, dd, J = 13.2, 3.2 Hz),
3.93 (1H, dd, J = 13.2, 9.2 Hz); EIMS m/z: 265 [M-1]’,
247, 160 (base peak).

Synthesis of 3-(2-chloro-2-phenylethyl)-3,4-dihyd-
roquinazolin-4-one (10)

Hydroxyl compound 9 (60 mg, 0.23 mmol} was added
in droplets to 0.2 mL (2.7 mmol) of thiony! chloride in 5 mL
of absolute benzene (rapid HCI and SO, evolution). After
1 h of reflux, the product was precipitated by addition of 5
mL ether. Column chromatography of the reaction mixture
gave 61 mg (93 %) of 10. White powder; mp 160-162 °C;
IR (Neat) vya: 3404, 2922, 1671, 1608, 1472, 1373, 772,
753, 696 cm™; UV (MeOH) Ao 243, 270, 303 nm; 'H-
NMR (CDCl,): & 8.20 (1H, s), 8.25 (1H, dd, /= 7.8, 1.2
Hz), 7.82 (1H, m), 7.65 (1H, br. d, J = 8.0 Hz), 7.50-7.60
(3H, m), 7.40-7.45 (3H, m), 5.56 (1H, dd, J = 8.6, 5.8 Hz),
457 (1H, dd, J= 14.0, 5.8 Hz}), 4.54 (1H, dd, J= 14.0, 8.6
Hz); EIMS m/z: 284 [M]", 160 (base peak).

Anti-platelet activity assay
Blood anticoagulated with ethylenediaminetetraacetic
acid (EDTA) was collected from New Zealand rabbits.
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Rabbit platelet suspension was prepared according to the
procedure previously described (Wu et al., 2000). The
platelets, after washing, were finally suspended in Tyrode's
solution containing Ca*" (1 mM), glucose (11.1 mM) and
bovine serum albumin (3.5 mg/mL) at a concentration of
3x10° platelets/mL. Platelet aggregation was measured
turbidimetrically with a light-transmission aggregometer
(Chrono-Log Co., U.S.A.). The platelet suspension (400
uL) was incubated with dimethyl suifoxide (DMSQ, vehicle)
or tested compounds at 37 °C for 3 min under a stirring
condition (1200 rpm), then arachidonic acid (AA, 100 uM),
collagen (10 pug/mL), platelet-activating factor (PAF, 1 ng/
mL) or thrombin (0.1 U/mL) was added to trigger platelet
aggregation. The extent of platelet aggregation was
measured as the maximal increase of light transmission
within 5 min after the addition of inducers. To avoid the
effect of the solvent on platelet aggregation, the final
concentration of DMSO in the platelet suspensions was
fixed at 0.5%.

Neutrophil superoxide anion formation

Human neutrophils from venous blood of healthy, adult
volunteers (18-32 years old) were isolated with a standard
method of dextran sedimentation prior to centrifugation in
Ficoll Hypaque gradient and hypotonic lysis of erythrocytes
(Boyum ef al., 1968). Neutrophil superoxide anion genera-
tion was determined using superoxide dismutase (SOD)-
inhibitable cytochrome ¢ reduction (Cross et al., 1984). In
brief, after supplementing with ferricytochrome ¢ (0.5 mg/
mL), neutrophils (10%/mL) were equilibrated at 37 °C for 2
min and incubated with either control or different concen-
trations of the tested compounds for 5 min. Cells were
activated by formyl-L-methionyl-L-leucyl-L-phenylalanine
(fMLP, 0.1 uM) or phorbol myristate acetate (PMA, 0.05
uM) for 10 min. When fMLP was used as stimulant,
cytochalasin B (1 ug/mL) (CB) was incubated for 3 min
before peptide activation.

RESULTS AND DISCUSSION

In view of the importance of bicactive quinazolinones and
their structure-activity relationship, 2-substitued quinazolinones
were prepared by using microwave irradiation with 2-
aminobenzoic acids and different amides in dry conditions
(Scheme 1). In a typical experiment, 2-aminobenzoic acid
and different amides were mixed in a test tube and
subjected to microwave irradiation yielding the correspon-
ding 2-substituted quinazolinones (1-5). When we repeated
the same reaction with 3-methoxy-2-aminobenzoic acid
and different amides, the corresponding 2-substituted 8-
methoxy-quinazolinones (6-8) were produced at poor yields
compared with traditional methods. The methoxy group at
8-position is probably responsible for the low vields in the
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OH NH, NH
+ - ~
NH, 0" R, N” "R,
R1 R1
Substrate 1 Substrate 2 Product
Entry R, R, Product No.
1 H H 1
2 H CH;, 2
3 H CH,CH;, 3
4 H phenyl 4
5 H 4-methoxylphenyl 5
6 OCH, CH, 6
7 OCH; CH,CH, 7
8 OCH; phenyl 8

Scheme 1. Synthesis of 2-substituted quinazolinones using microwave
irradiation

domestic microwave system.

In addition to 2-substituted quinazolinones, we prepared
3-substituted versions using known procedures (Seger et
al., 1998) (Scheme 2) to elucidate the structure-activity
relationships. In the literature, quinazolinone 1 was prepared
at 130 °C for 2.5 h. As described above, entry 1 achieved
60% vyield by microwave irradiation for 10 min. The
phenethyl moiety was introduced to 1 by addition of
styrene oxide to give 9. Subsequent halogenation by the
addition of thionyl chloride gave 10. The structures of
derivatives 1-10 and a natural product (+)-febrifugine were
determined by physical and spectral methods and
compared with data from literature data.

Based on the literature (Kobayashi et al, 1999),
products 1-10 were subjected to cytotoxicity assay. None
of them exhibit any inhibition at the concentration of 20 ug/
mL toward HONE-1 (human nasopharyngeal carcinoma)
and NUGC (human gastric cancer) cell lines, which are
two of the important lethal cancers in Taiwan.

However, an interesting paper has mentioned that
quinazolinones exhibited anti-malarial and NO production
activities in activated macrophages (Murata et al., 1998).

Q\@ (o)
y 48
isopropanol, reflux, N/ OH
43% yield
benzene, reflux, @6}
93% yield

Scheme 2. Synthesis of compounds 9 and 10

_ soc,
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The action of NO production is also an important target for
anti-platelet aggregation (Wu et al, 2000). Therefore,
products 1-10 and (+)-febrifugine were tested for their
anti-platelet aggregation. As shown in Table I, products 4,
8, and 10 inhibited platelet aggregation caused by
arachidonic acid (AA) and collagen with ICs, values of 20-
47 ug/mL and 19-27 pg/mL, respectively. Furthermore, at
the highest concentration used (100 pg/mL), product 4
also partially inhibited thrombin- and PAF-induced platelet
aggregation, 34% and 37%, respectively. In view of the
structure-activity relationship, derivatives with 2-phenyl
substitution (4, 5, and 8) greatly increased the anti-platelet
activity in comparison to quinazolinone 1 and the 2-alkyl
quinazolinones, 2, 3, 6 and 7. Furthermore, the para-
methoxy substitution at the 2-phenyl group, 5, slightly
decreases the anti-platelet aclivity in comparison with
non-substituted phenyl derivatives, 4 and 8. The natural
product, (+)-febrifugine, didnt show any significant activity.
In summary, the active quinazolinone derivatives markedly
inhibited the platelet aggregation caused by AA and
collagen, but demonstrated only little or partial inhibition
on thrombin and PAF stimulation. These results are similar
to those of aspirin, a cyclooxygenase inhibitor.

The in vitro inhibition by quinazolinones on superoxide
anion generation from human neutrophiles was studied
(Table Il). fMLP/CB and PMA induced superoxide anion
generation from human neutrophils. Products 4, 5, and 6
inhibited superoxide anion generation from human
neutrophils stimulated with fMLP/CB in a concentration-
dependent manner with 1Cs, values of 4.740.5, 7.3+0.7,
and 11.1+1.1 ug/mL, respectively. Furthermore, at the con-

Table 1. Inhibitory effects of products (1-10) on the aggregation of
washed rabbit platelets

ICs,* in pg/ml (Percentage of inhibition at 100 pg/mL)°

Compound
AA (100 uM) Collagen (10 pg/mL)

1 >100 (8.2) >100 (14.2)
2 >100 {16.9) >100 (26.0)
3 >100 (8.0) >100 (30.7)
4 208+57 191133
5 >100 (24.9) 740£196
6 >100 (38.7) 8471126
7 >100 (8.4) >100 (43.1)
8 202+6.1 21621
9 >100 (1.0) >100 (9.7)
10 470+ 116 272+35

(+)-Febrifugine >100(3.2) >100 (21.5)

Aspirin 6.2+0.2 40%07

2 Concentration necessary for 50% inhibition (IC so).
® Percentage of inhibition (Inh %) in parentheses at 100 pug/mL concentration.
For all data, results are presented as mean £ S.EM. (n = 3~4),
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Table Il. The in vitro inhibition by the synthesized quinazolinones on
neutrophil superoxide anion generation

fMLP/CB PMA
Compound

ICso (ng/mLYy or Inh %" Inh %”
1 8926 N
2 125+ 4.0" N
3 172+£22% N
4 47105 25+58
5 73x0.7° 0143
6 1"M1x1.1° 35.3 4 2.0
7 180£85° N
8 6.1 £4.6° N
9 34+6.1° N
10 126 486" N

@ Concentration necessary for 50% inhibition (IC ).

®Percentage of inhibition (Inh %) at 10 ug/mL concentration. *P <
0.05; ***P < 0.001 as compared with control value {0.1% DMSO).

For all data, results are presented as average + SEM. (n=3-4). N

= not tested.

centration of 10 ug/mL, product 6 also partially inhibited
PMA-induced superoxide anion generation by human
neutrophils.

In conclusion, we synthesized a series of 2-substituted
quinazolinones under microwave irradiation in dry conditions
at acceptable yields. The advantages of this methodology
are the need of only a domestic microwave oven, the
absence of a solvent, shorter reaction time, simpler reaction
conditions, and an improvement over previous synthesis
methods by using conventional heating. Among the pro-
duced compounds, the product 4, 2-phenyl quinazolinone,
possessed the best anti-platelet activities and the greatest
inhibition of superoxide anion generation activities. It is
therefore concluded that product 4 is a promising lead
compound for further investigation.
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