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Abstract

The highly accelerated Niementowski synthesis of quinazolin-4(3H)-one and quinazolin-2,4-
dione derivatives under microwave irradiation is reported. Compared to the conventional
conditions, this new method shows the advantages of a good substrate tolerance, and a clean and
rapid conversion. The method has been successfully applied for the construction of the key
intermediate of iressa.
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Introduction

Various quinazolin-4-ones, quinazolin-2,4-diones and their derivatives are well known to possess
an array of physiological activities, e. g. anticancer, muscal relaxant, hypnotic, antiinflammatory,
antineoplastic, diuretic, and antihypertensive activities, and are widely used in pharmaceuticals.'
Examples include the anticancer compound trimetrexate, the sedative methaqualone, the alpha
adrenergic receptor antagonist such as doxazosin and the antihypertensive agent ketanserin. As a
consequence, they have been very attractive targets in synthetic chemistry in recent years. In
particular, gefinitib, ie. N-(3-chloro-4-fluorophenyl)-7-methoxy-6-(3-morpholinopropoxy)
quinazolin-4-amine (traded as Iressa, ZD1839, see Figure 1) which can be synthesized by
elaboration of 6-benzyloxy-7-methoxyquinazolin-4(3H)-one 9, has been recognized as a tyrosine
kinase inhibitor of the epidermal growth factor receptor and has been clinically used against cell
lung cancer with ever increasing popularity.”
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In accordance with the significance of quinazolin-4(3H)-ones, various synthetic methods
have been developed for the construction of this kind of fused heterocycles.** Many quinazolines
can be prepared from 2-aminobenzaldehyde, 2-aminophenyl ketones or anthranilic acids.
Typically, quinazolin-4(3H)-ones are prepared from an anthranilic acid or its derivative, e.g. 2-
amimobenzonitrile and an amide under acidic catalytic conditions by heating them at 200 °C,
termed as the Niementowski synthesis. A recent paper has reported a Yb(OTf)s-catalyzed one-
pot synthesis of quinazolin-4(3H)-ones from anthranilic acid, anilines and orthoesters (or formic
acid) under solvent-free conditions.” The reaction was completed in several minutes and the
temperature was lowered to 60 or 80 °C, providing good to excellent yields of the products, but
the method seems to be restricted to the synthesis of 2-aryl substituted quinazolin-4(3H)-ones.
Certainly, there are still many other possible variations. For example, 4H-3,1-benzoxazin-4-ones
react with primary amines at or above room temperature to give a variety of 4-quinazolinones.’
Although the reported methods are valuable in varying degree, some of them still suffer from
limitations like unsatisfactory or variable yields, lengthy reaction time, unsatisfactory substrate
tolerance and tedious work-up procedure. Benzoxazin-4-ones themselves have to be prepared
from anthranilic acids and are rather moisture-sensitive, highly hygroscopic, and prone to
deteriorate at higher temperatures. It is therefore of interest to develop a reliable synthetic
strategy for the construction of such fused heterocycles.

Microwave-assisted chemical synthesis is proving to be a powerful technique for increasing
the output of chemical synthesis.® The advantages of the microwave method over classical
techniques including a strikingly enhanced reaction rate, improved yields and cleaner products
have been well documented.” There are also a few esoteric examples describing the benefits of
using microwave irradiation for the construction of the quinazolin-4(3H)-one core.® For example,
Besson®™ has reported the microwave-mediated condensation of anthranilic acids with
formamide, to give, via an o-amidine intermediate, quinazolin-4(3H)-ones. Recently, we are
engaged in the use of microwave irradiation for the preparation of the usually uneasy attainable
compounds such as diaryl ethers and diaryl sulfides.” In continuation of our interest in reactions
where conventional heating was limited, with recent focus on the fused heterocyclic skeleton
serving as building blocks for the preparation of compounds with pronounced pharmaceutical
value like Iressa, we furthered our investigation on the use of microwave irradiation for
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synthesizing diverse quinazolinones based on the modified Niementowski reaction. In this paper,
we demonstrate that, under microwave irradiation, both anthranilic acids and anthranilamides
react smoothly with a range of amides and ketones or urea leading to quinazolinone derivatives
of high purity in moderate to excellent yields with a simple work-up. In the course of the work,
three types of quinazolinone derivatives were obtained, namely 2-substituted quinazolin-4(3H)-
ones 1, 2,2-disubstituted 2,3-dihydroquinazolin-4(1H)-ones 2 and 1H,3H-quinazolin-2,4-dione 3
(Figure 2).
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H R H
1 2 3

Figure 2

Results and Discussion

Our work was initiated with the reaction between anthranilamide 4a and formamide 5a. To
optimize the reaction conditions, the irradiation power, the reactants ratio and reaction time were
variably investigated. We were pleased to find that the reaction provided quinazolin-4(3H)-one
1a in 93% yield after 5 min of irradiation at 300 W with the reactants ratio of 4a:5a at 1:5 (Table
1, entry 1) in the presence of one equivalent of acetic acid. In comparison, a conventional
thermal heating of this reaction at reflux in ethanol for 1h gave 86% yield of the product under
acetic acid catalysis."” Encouraged by this result, the reactivity of other amides toward the
Niementowski reaction was examined and the results are summarized in Table 1. The addition of
less than a stoichiometric amount of the acid is helpful for the reaction. For formamide and
acetamide Sbh, glacial acetic acid is strong enough to catalyze the reaction. But for benzamide Sc,
a stronger acid such as p-TsOH is necessary. As expected, Sb demonstrated a much lower
reactivity, probably due to steric hindrance. However, the moderate yield of 1b could be
achieved when the mole ratio of 4a, 5b and the acetic acid was 1:10:1 under microwave
irradiation of 500 W for 20 min (Table 1, entry 2). Instead of an aliphatic amide, the aromatic
substrate 5S¢ was employed to test the scope of the protocol. To our surprise, under comparable
conditions as for Sa, the 2-phenyl substituted 1¢ was isolated in 63% yield after 10 min
irradiation at 300 W with the addition of 0.04 equivalents of p-TsOH as the catalyst (Table 1,
entry 3). Increasing the amount of the acid did not improve the yields significantly. Further, the
Niementowski reaction could also be carried out for 2-cyanoacetamide Sd, providing a
satisfactory yield of the product 1d under comparable conditions, yet at a much lower microwave
output without any acid added in only 5 minutes (Table 1, entry 4).
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We then switched to the use of the cheaper substrate anthranilic acid 4b for the desired
Niementowski reaction. The activities of 5a-¢ were sequentially examined according to the
comparable conditions for anthranilamide. We obtained the 2-substituted quinazolin-4(3H)-one
products 1a-c in 81%, 46%, and 17% yields, respectively. These were generally lower than that
achieved in the case of anthranilamide, especially when the aromatic amide Sc¢ was used.

Table 1. Acid-catalyzed coupling of anthranilamide or anthranilic acid with amide under
microwave irradiation®

0 0
o)
X J\ Cat. NH
+ ———
HoN™ RY pmwig P
NH, N" R

4 5
4a. X = NH,; 4b: X = OH; 1a, 5a: R' = H; 1b, 5b: R' = Me; 1¢, 5¢: R' = Ph; 1d, 5d: R' =
CH,CN

Ent 4 5 Substrates Cat. Power Time Product” Yield of 1°
u
y ratio (4:5)  (equiv) (W)  (min) (%)
HOAc 1a
1 4 1:5 300 5 93
a Sa (1.0)
2 42 5b 1:10 HOAc 500 20 1b 77
(1.0)
p-TsOH
3 42 5 1:5 300 10 1 63
a ¢ (0.04) ¢
4 4a 5d 1:1 none 60 5 1d 78
HOACc 1a
5 4 5 1:5 300 5 81
a (1.0)
6 4 5b 1:10 HOAc 500 20 1b 46
(1.0)
p-TsOH
7 4 5 1:5 300 10 1 17
¢ (0.04) ¢

*Reaction of 1 mmol scale, MW power and reaction time as specified.
® All products were identified on the basis of their NMR and IR spectra.
¢ Isolated yield based on 4

Mechanistically, the reaction may proceed via an o-amidine intermediate 6 as illustrated in
Scheme 1. The first step in this reaction involves the acid catalyzed formation of intermediate 6
by reaction of the amino group in anthranilamide or anthranilic acid with the carbonyl group of
the amide, followed by the nucleophilic attack of the nitrogen nucleophile at the carboxylic or
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amido carbonyl group which is activated by protonation to produce the product 1 upon
elimination of amine or water or two molecules of water.

Q 0
C HO, X
X NH, p « H* _H
- + O:—<R1 — ‘\—/NHZ — )N\
2 N= Ty
—<R1 N” R
4 5 6
OH 0
— =N - NH
-HX
N/)\R1 /)\R—I

Scheme 1

Encouraged by this success, we became interested in applying this protocol for other
carbonyl compounds, such as ketones. Due to the superior performance in the Niementowski
reaction, anthranilamide 4a was selected as the substrate and was subjected to reaction with
different kinds of ketones 7 (Table 2). As a result, different 2,2-disubstituted 2,3-
dihydroquinazolin-4(1H)-ones 2 were obtained in yields ranging from 66 to 95% (Table 2,
entries 1-4). This indicates a dramatic reduction in reaction time as compared with the

¢4 The use of an aliphatic ketone gave excellent isolated yields,

conventional thermal process.
and with cyclohexanone the reaction proceeded equally well, providing the 2-spiro substituted
2,3-dihydroquinazolin-4(1H)-one 2¢. However, application of benzophenone afforded 2d with a
low yield of 66% even though the irradiation time was prolonged to 20 min (Table 2, entry 4).
To the best of our knowledge, there is no report on the Niementowski reaction using an
electronically unfavorable substrate like benzophenone under classical heating conditions.

It’s interesting that 2d was isolated as a complex with one molecule of DMF, which is
probably formed via the intermolecular hydrogen bond.

Next, attention was focused on the reaction with urea and the results are given in Table 3. As
can be seen, both 4a and 4b can be used, affording 1H,3H-quinazolin-2,4-dione 3 in good yields.
Compound 3 has been reported to be a key precursor for the synthesis of reversible inhibitors of
the gastric (H'/K")-ATPase.'' Again, 4a exhibited a greater activity towards the
cyclocondensation. Since urea undergoes decomposition at high temperatures, the reaction had to
be performed in solvents such as DMSO.

ISSN 1424-6376 Page 44 ©ARKAT USA, Inc.



General Papers ARKIVOC 2007 (i) 40-50

Table 2. Acid-catalyzed coupling of anthranilamide with ketones under microwave irradiation”

0 o
NH, j.J\ Cat. NH
+ R3 OR* W )TR4
NH, N R
4a 7 2
Yield
Ent Ketone Substrates Cat. Power Time Product” o fle 50
Yog ratio (4:7) (equiv.) (W)  (min) )
(%)
o)
O P NH
1 )J\ 1:40 TsOH 60 5 /% 91
(0.02) NN
(0]
2 2 10 ToH 60 3 @%NH 95
At S 53
(0.02) ) b
O
3 (o 15 none 300 10 @\)L)N”O 91
N
H 2¢
0
Q P NH . DMF
4 s TsOH 300 20 e 66
(0.08) N Ph 2d.DMF

*Reaction on 1 mmol scale, MW power and reaction time as specified.
°All products were identified on the basis of their NMR and IR spectra.
¢ Isolated yield based on 4

Having established the advantages of the microwave irradiation approach for the construction
of the quinazoline core, we decided to apply the protocol for the synthesis of the key
intermediate of Iressa (Scheme 2). Thus, 5-benzyloxy-4-methoxy-2-aminobenzamide 8, prepared
from isovanillin according to a known procedure,'? was reacted with formamide in the presence
of one equivalent of acetic acid under microwave irradiation at 300 W for 5 min, providing the
6,7-disubstituted quinazolin-4(3H)-one 9 in 87% isolated yield. Compared to the thermal heating
method, which utilized the 6-benzyloxy-7-methoxyquinazolin-4(3H)-one and formamide which
required 5h of heating at 190 °C, the developed method gave a significant reduction in reaction
time."” Treatment of 9 with an excess amount of phosphoryl chloride yielded the 4-chloro
substituted quinazoline 10 in 68% yield, which was further converted to the 4-anilino substituted
11 by reaction with 3-chloro-4-fluoroaniline in 93% yield. Debenzylation of 11 was smoothly
accomplished upon hydrogenolysis over Pd/C in ethanol wherein the deprotected product 12 was
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obtained in 85% yield. Finally, the 6-OH substituted quinazoline 12 was subjected to
etherification with 4-(3-chloropropyl)morpholine'* upon heating at 90 °C in DMF for 3.5 h in the
presence of a mild base, providing 72% yield of Iressa as a pale yellow solid.

Table 3. Acid-catalyzed coupling of anthranilamide/anthranilic acid with urea under microwave
irradiation®

e (0]
Q Cat NH
X .
+ HZNJJ\NHg M PN
NH, N 0
4 3
Cat. Power Time Yield® of
Ent 4 Solvent ) }
s ovell (equiv.) (W) (min) 3 (%)
HOA
| 42 DMSO 1()) © 30 s 88
HOA
2 4b DMSO (1()) ¢ 300 10 66
# Reaction on 1 mmol scale. With the substrates ratio of 4a to urea 1:4. Reaction time as
specified.

® Isolated yield based on 4. The structure 3 was ascertained by IR and NMR data.

HO CHO 0 i nCON: i
> CeHsCH jdLNHZ HOAC (118qulv.)_ cyhiychs© NH
MeO reference 10 MeO NH, MWI, 300 W, 5 min MeO N/)
- 8 87% 9
isovanillin
Cl
cl FONHZ HN
POCI H,,10% Pd/C
—3> CBH5CH2/ \)N PrOH > C6H5CH2/O =N ;»
i-Pr
reflé.lsx‘;/12 h MeO N/ reflux,1.5 h MeO N/) EtOH, rt, 12 h
o 93% 11 85%
10
Cl Cl
Q F F
HN N 0™ HN
HO XN O\) - K/N\/\/O SN
P DMF, 90:€, 3.5 h
MeO N) ! MeO N/)
12 72%

Scheme 2. Synthesis of Iressa.
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Experimental Section

General Procedures. All materials were of commercial quality and were used as received.
Melting points were uncorrected. The product purities were determined by GC-MS analysis. GC-
MS data was acquired on a TOP series GC8000 with a FINNIGAN-VOYAGER mass selective
detector. NMR data were acquired on a Bruker 500 or a Varian 400 spectrometers. 'H and "*C
chemical shifts (0) are reported in ppm relative to TMS as internal standard. Coupling constants
(J) are given in Hz. A modified domestic microwave oven adopted for refluxing was used for all
the investigations and the reactions were monitored by thin layer chromatography coated with
silica gel.

General procedure for synthesis of quinazolin-4(3H)-one. To the mixture of anthranilamide
(0.68 g, 5 mmol) and an appropriate amide (50 mmol) was added 5 mmol of acetic acid, and the
mixture was heated under microwave irradiation at 500 Watt for a few minutes. After the
reaction was finished, the resulting mixture was poured into ice-cooled water and stirred for 30
min. The precipitation was filtered, and the filter cake washed with water to yield target
molecules.

Quinazolin-4(3H)-one (1a). Yield, 93 %, white solid in a purity higher than 99%, mp 215-216
°C (lit.}, 216 °C). '"H NMR (DMSO-ds) d 7.53 (t, J = 7.25 Hz, 1H), 7.67 (d, J = 8.15 Hz, 1H),
7.82 (m, 1H), 8.09~8.13 (m, 2H), 12.24 (s, 1H, NH); GC-MS m/z 146 (M").
2-Methylquinazolin-4(3H)-one (1b). Yield, 77 %, white solid in a purity higher than 98%, mp
238-240 °C (lit."”, 240 °C). '"H NMR (500 MHz, DMSO-ds) &2.35 (s, 3H), 7.45 (m, 1H), 7.57
(d, J=8.10 Hz, 1H,), 7.76 (m, 1H), 8.08 (d, J = 7.75 Hz, 1H), 12.2 (s, 1H, NH); >C NMR (100
MHz, DMSO-dq): 621.96, 121.15, 126.19, 126.37, 127.10, 134.79, 149.48, 154.78, 162.24; GC-
MS m/z 160 (M").

2-Phenylquinazolin-4(3H)-one (1¢). Yield, 63 %, white solid in a purity of 98.6%, mp 242-246
°C (lit.'®, 246 °C). '"H NMR (DMSO-dy) J 7.56 (m, 4H), 7.75 (d, J = 7.25 Hz, 1H), 7.84 (m, 1H),
8.18 (m, 3H), 12.55 (s, 1H, NH); GC-MS m/z 222 (M").

2-Cyanomethylquinazolin-4(3H)-one (1d). Yield, 78 %, white solid in a purity higher than
97%, mp 242 °C (lit."”, 242-243 °C). '"H NMR (DMSO-dg) 6 4.18 (s, 2H), 7.53 (m, 1H), 7.68 (m,
1H), 7.82 (m, 1H), 8.11 (d, J = 7.80 Hz, 1H), 12.46 (s, 1H, NH); GC-MS m/z 185 (M").

General procedure for the synthesis of 2,2-disubstituted 2,3-dihydroquinazolin-4(1H)-ones
2. To a mixture of anthranilamide (0.68 g, 5 mmol) and p-toluenesulfonic acid (17 mg, 0.1
mmol) was added the required ketone. The mixture was heated under microwave irradiation at
60 Watt for 5 min. The excess of ketone was removed under reduced pressure and the residues
were washed with ether to afford target molecules.
2,2-Dimethyl-2,3-dihydroquinazolin-4(1H)-one (2a). Yield, 91%, white solid in a purity higher
than 99%, mp 178-180 °C (lit.*¢, 183-184 °C). '"H NMR (500 MHz, DMSO-d¢) &8 1.56 (s, 6H),
3.5 (br, 1H, NH), 6.4 (br, 1H, NH), 6.62 (d, J = 8.04 Hz, 1H), 6.83 (m, 1H), 7.29 (m, 1H), 7.88
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(m, 1H); C NMR (100 MHz, DMSO-d¢): & 29.52, 67.36, 114.36, 114.77, 116.97, 127.72,
133.72, 147.62, 163.61; GC-MS m/z 176 (M").
2-Ethyl-2-methyl-2,3-dihydroquinazolin-4(1H)-one (2b). Yield, 95%, white solid in a purity
higher than 98%, mp 178-180 °C (lit.", 184-186 °C). '"H NMR (CDCls) 6 0.99 (t, J = 7.15 Hz,
3H), 1.49 (s, 3H), 1.80 (m, 2H), 3.80 (br, 1H, NH), 6.49 (br, 1H, NH), 6.62 (d, /= 7.25 Hz, 1H),
6.80 (t,J=7.20 Hz, 1H), 7.28 (m, 1H), 7.87 (m, 1H); GC-MS m/z 190 (M").
1'H-spiro[cyclohexane-1,2'-quinazolin]-4'(3'H)-one (2¢). Yield, 91%, white solid in a purity
higher than 98%, mp 226 °C (lit.'*, 224-225 °C). '"H NMR (CDCls) d 1.25-1.42 (m, 2H), 1.54-
1.63 (m, 6H), 1.73-1.74 (t, J = 6.35 Hz, 2H), 6.62 (d, J = 7.50 Hz, 2H), 6.80 (t, /= 8.10 Hz, 1H),
7.21 (m, 1H), 7.56 (d, J = 7.50 Hz, 1H), 7.91 (s, 1H); GC-MS m/z 216 (M").
2,2-Diphenyl-2,3-dihydroquinazolin-4(1H)-one coupled with DMF (2d-DMF). Yield, 66%,
white solid, mp 138-142 °C. '"H NMR (CDCls) § 2.88 (s, 3H), 2.95 (s, 3H), 5.20 (br, 1H, NH),
6.47 (s, 1H, NH), 6.70 (d, J = 8.05 Hz, 1H), 6.79 (s, 1H), 7.26 (m, 1H), 7.32-7.35 (m, 6H), 7.40-
7.42 (m, 4H), 7.80 (m, 1H), 8.00 (s, 1H).

Typical procedure for 1H,3H-quinazolin-2,4-dione 3 (Table 3, entry 1). To a mixture of
anthranilamide (0.68 g, 5 mmol) and urea (1.20 g, 20 mmol) were added 5 mL of DMSO and
acetic acid (5 mmol). The mixture was heated under microwave irradiation at 300 Watt for 5
min. After completion of the reaction, the mixture was poured into ice-cooled water and stirred
for 30 min. The solid was filtered by suction, washed with cold water and dried at vacuum to
afford the compound 3 in 88% yield as a white solid in 98% purity, mp > 280 °C (lit."*, 342-343
°C). '"H NMR (500 MHz, DMSO-ds) & 7.18 (m, 2H), 7.63 (m, 1H), 7.89 (d, J = 9.75 Hz, 1H),
11.14 (s, 1H, NH), 11.29 (s, 1H, NH); C NMR (100 MHz, DMSO-d¢): & 114.84, 115.85,
122.84, 127.47, 135.47, 141.39, 150.84, 163.37; GC-MS m/z 162 (M").
4-(3’-Chloro-4’-fluoroanilino)-7-methoxy-6-(3-morpholinopropoxy)quinazoline  (Iressa).”
yellow solid, mp > 250 °C. '"H NMR (500 MHz, DMSO-dg) J 2.00 (m, 2H), 2.35 (t, J = 6.5 Hz,
4H), 2.48 (t, J = 6.5 Hz, 2H), 3.58 (t, J = 4.5 Hz, 4H), 3.94 (s, 3H), 4.18 (t, J = 6.5 Hz, 2H), 7.22
(s, 1H), 7.45 (m, 1H), 7.80 (m, 2H), 8.12 (m, 1H), 8.50 (s, 1H), 9.57 (s, 1H); °C NMR (125
MHz, DMSO-d¢): 25.86, 53.38, 54.92, 55.77, 66.14, 67.08, 102.76, 107.18, 108.88, 116.29,
118.56, 122.17, 123.33, 137.00, 146.90, 148.24, 152.50, 153.95, 154.41, 156.02.

Conclusions

We have developed a convenient microwave-assisted synthesis of 2-substituted quinazolin-
4(3H)-ones 1, 2,2-disubstituted 2,3-dihydroquinazolin-4(1H)-ones 2 and 1H,3H-quinazolin-2,4-
dione 3. The method offers several advantages including good to high yields, cleaner products, a
dramatic reduction in reaction time and an easy experimental work-up procedure. The synthesis
of an important anticancer drug, Iressa, has been accomplished on the basis of the construction of
the key intermediate 9 using our microwave heating protocol.
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