
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=lsyc20

Synthetic Communications
An International Journal for Rapid Communication of Synthetic Organic
Chemistry

ISSN: 0039-7911 (Print) 1532-2432 (Online) Journal homepage: http://www.tandfonline.com/loi/lsyc20

Efficient and selective microwave-assisted copper-
catalyzed synthesis of quinazolinone derivatives in
aqueous

Fang Ke, Caiqin Liu, Peng Zhang, Jianhua Xu & Xiaole Chen

To cite this article: Fang Ke, Caiqin Liu, Peng Zhang, Jianhua Xu & Xiaole Chen (2018): Efficient
and selective microwave-assisted copper-catalyzed synthesis of quinazolinone derivatives in
aqueous, Synthetic Communications

To link to this article:  https://doi.org/10.1080/00397911.2018.1533974

View supplementary material 

Published online: 16 Nov 2018.

Submit your article to this journal 

View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=lsyc20
http://www.tandfonline.com/loi/lsyc20
https://doi.org/10.1080/00397911.2018.1533974
http://www.tandfonline.com/doi/suppl/10.1080/00397911.2018.1533974
http://www.tandfonline.com/doi/suppl/10.1080/00397911.2018.1533974
http://www.tandfonline.com/action/authorSubmission?journalCode=lsyc20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=lsyc20&show=instructions
http://crossmark.crossref.org/dialog/?doi=10.1080/00397911.2018.1533974&domain=pdf&date_stamp=2018-11-16
http://crossmark.crossref.org/dialog/?doi=10.1080/00397911.2018.1533974&domain=pdf&date_stamp=2018-11-16


Efficient and selective microwave-assisted copper-catalyzed
synthesis of quinazolinone derivatives in aqueous

Fang Ke, Caiqin Liu, Peng Zhang, Jianhua Xu, and Xiaole Chen

College of Pharmacy, Fujian Medical University, Fuzhou, China

ABSTRACT
Microwave-assisted copper-catalyzed cascade reactions between
2-halobenzoic acids and amidines to synthesize quinazolinone deriv-
atives in water are reported. A variety of target products were
obtained in good to excellent yields up to 94%. Its application was
performed by the synthesis of 4-(1H-benzo[d]imidazol-2-ylthio)-6-
methoxypteridine, which displayed significant anti-proliferation
effect.
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Introduction

Quinazolinone derivatives are an important class of heterocyclic compounds found in
many natural and synthetic products,[1] which exhibit biological or medicinal activities,
and can be used as hypnotic, sedative, analgesic, antifungal, antibacterial, anticancer,
and antitumor reagents.[2] For example, raltitrexed and icotinib, which contain quinazo-
line fragment, have already appeared in market or in clinical trials as therapeutic agents
for the treatment of cancer (Figure 1).[3]

Generally, quinazolinones are obtained by using ortho-amino or halogen benzoic acid
derivatives as starting materials.[4] For example, Li and coworkers synthesized quinazoli-
nones scaffold from anthranilic acid and cyanogens (Scheme 1, path 1).[5] Wang and
coworkers developed a convenient microwave-assisted synthesis of 2-substituted quina-
zolinones from anthranilic acid analogs and amides in the presence of acetic acid
(Scheme 1, path 2).[6] However, the majority of these reported procedures usually
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required harsh conditions, and the yields were not very satisfactory and the use of
expensive, air-sensitive, or toxic reagents.[7] The development of novel, effective and
practical quinazolinone synthetic method remains an unmet challenge for organic
chemists. Over the past few decades, progress has been made in the copper-catalyzed
N-arylations,[8] and a series of N-heterocycles have been obtained by this method, some
of the reported procedures to synthesize quinazolinones rely on the reaction of ortho-
halobenzoic acid derivatives.[9] For example, Fu and coworkers reported some novel
and useful domino methods to construct quinazolinones using readily available a-amino
acids as the nitrogen-containing motifs.[10]

On the other hand, the development of environmentally benign catalytic systems, in
particular, the use of water as a reaction medium, has attracted attention in recent
years.[11] Meanwhile, microwave (MW)-assisted transition metal catalyzed reactions is
advantageous for enabling rapid, reproducible, and scalable chemistry development in
research laboratories as well as industrial processes.12

Results and discussion

In continuation of our endeavors to develop simple and environmentally friendly proto-
cols,[13] herein is reported an efficient copper-catalyzed cascade reaction of amidines
with substituted 2-halobenzoic acids to synthesize quinazolinone derivatives by using
water as solvent under microwave irradiation. Compared with the reported protocols,
this method has the following advantages: water is used as solvent instead of normal
organic solvents; the mild reaction conditions such as low temperature and without
inert atmosphere; the microwave-assisted catalysis shows high efficiency with good to
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Figure 1. Selected examples of quinazolinone derivatives.
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high yields and only 20min reaction time; the application is performed by the synthesis
of 4-(1H-benzo[d]imidazol-2-ylthio)-6-methoxypteridine, which displays significant
anti-proliferation effect.
To establish the proper catalytic conditions, several factors were screened by using

2-iodobenzoic acid and acetamidine hydrochloride as model substrates. As shown in
Table 1, four different ligands were examined, and 8-hydroxyquinoline gave the best
result of 80% yield (Table 1, entries 1–4). Next, several copper salts such as CuI, CuCl2,
Cu (OAc)2, CuSO4, and CuO were screened for this reaction, and CuCl2 was found to
be superior to others (Table 1, entries 5–8). Meanwhile, control experiments confirmed
the necessity of catalyst, and only 10% yield or trace of product was obtained in the
absence of ligand or metal salts (Table 1, entries 9 and 10). Investigation of a variety of
bases revealed that NaOH was better than the others including KOH, K2CO3, and
Cs2CO3 (Table 1, entries 10–15). Meanwhile, similar yield was obtained in the presence
of phase-transfer catalysts (PTCs) (Table 1, entry 12). Further studies revealed the opti-
mal reaction time to be 20min under microwave irradiation at 120W in water at room
temperature (Table 1, entries 16–17). Thus, the optimal catalytic conditions consist of
CuCl2 (10mol%), L2 (10mol%), and NaOH (4 equiv) in water at room temperature for
20min under 120W microwave in the air.
With the optimized reaction conditions in hand, we investigated the substrate scope

of this methodology by using a variety of 2-halobenzoic acids and amidines, and the

Table 1. Optimization of the catalytic conditionsa.

COOH

I N

NH

O
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H2O, 120 W

NH

H2N
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N N

L1 L2 L3 L4

NH HN
N

OH

N COOH

Entry [Cu] source Ligand Base t /min Yield (%)b

1 CuI L1 KOH 20 35
2 CuI L2 KOH 20 80
3 CuI L3 KOH 20 20
4 CuI L4 KOH 20 45
5 CuCl2 L2 KOH 20 83
6 Cu(OAc)2 L2 KOH 20 72
7 CuSO4 L2 KOH 20 75
8 CuO L2 KOH 20 45
9 CuCl2 – KOH 20 10
10 – L2 KOH 20 trace
11 CuCl2 L2 K2CO3 20 67
12 CuCl2 L2 NaOH 20 90
13c CuCl2 L2 NaOH 20 90
14 CuCl2 L2 Cs2CO3 20 85
15 CuCl2 L2 – 20 13
16 CuCl2 L2 NaOH 15 81
17 CuCl2 L2 NaOH 25 88
aReaction conditions: 2-iodobenzoic acid (1.0 mmol), acetamidine hydrochloride (1.2 mmol), Cu source (10 mol%), ligand
(10 mol%), and base (4.0 mmol) in water (3 mL) under air.

bDetermined by GC with 1,4-dichlrobenzene as internal standard.
cWith addition of (n-Bu)4NBr.
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Table 2. Copper-catalyzed synthesis of quinazolinone derivativesa.

Entry
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(continued)
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results were listed in Table 2. In general, the catalytic reactions were performed
smoothly with a variety of substrates bearing different functional groups including
methoxyl, methyl, nitro and bromo groups, resulting in moderate to excellent yields
ranging from 55% to 94%. As expectedly, aryl iodides were more reactive than aryl bro-
mides and aryl chlorides. For example, 2-iodobenzoic acid, 2-bromobenzoic acid and 2-
chlorobenzoic acid gave the target products in yields 90%, 81%, and 56%, respectively
(Table 2, entry 1). Meanwhile, the reactivity of the substituted 2-halobenzoic acids and
amidines containing electron-withdrawing groups was slightly higher than those con-
taining electron-donating groups (Table 2, entries 5–7). And the highest yield 94% was
obtained in the case of 4-nitrobenzamidine (Table 2, entry 5).
Furthermore, the cascade reactions of aryl halides bearing three different halogen

atoms were also tested, and the reaction occurred at iodo position with high selectivity
to form a monosubstituted product, which indicated the potential further functionaliza-
tion (Table 2, entries 9 and 10). On the other hand, it is noteworthy that the catalytic

8
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aReaction conditions: 2-halobenzoic acids (1.0 mmol), amidines (1.2mmol), CuCl2 (10 mol%), 8-hydroxyquinoline (10 mol%),
NaOH (4.0mmol), water (3 mL) at room temperature, under air.

bIsolated yields.
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system was also proved to be efficient in the reactions between more challenging hetero-
cyclic halides or amidines, allowing easy access to heterocyclic quinazolinone deriva-
tives, which are found in numerous appealing compounds (Table 2, entries 12 and 13).
To study the possible reaction pathway, the mixture was measured during the reac-

tion, and N-(iminomethyl)-2-iodobenzamide I was detected by LC/MS, indicating that
the reaction might have undergone two reactions to give the product during the cataly-
sis. Indeed, control experiments afforded the cascade product in 90% yield from the iso-
lated substrate I under the optimal catalytic conditions.
To explore the catalytic mechanism, the following experiments were performed as shown

in Scheme 2, 2-halobenzoic acid reacted well with amidine to provide amide I in 93%
under Cu source and ligand without NaOH (Scheme 2(a)). When copper source and ligand
are not present, the yield is reduced to trace (Scheme 2(b)), which suggested copper source
and ligand are essential for reaction. Furthermore, When the amide I is converted to the
target product II, the copper source and the ligand are also important (Scheme 2(c,d)).
Based on our studies as well as literature, the reaction pathway is assumed as shown

in Scheme 2(e). Firstly, the reaction between 2-halobenzoic acid and amidine yields

COOH

I

NH

H2N

+

O

NH

NHI

[Cu]

NaOH N

NH

O

I II

[Cu]

Ligand

COOH

I

NH

H2N

+

O

NH

NHI

N

NH

O

I

II

COOH

I

NH

H2N

+

CuCl2
, L2

93%

O

NH

NHI

I trace

O

NH

NHI

CuCl2
, L2,

NaOH

O

NH

NHI N

NH

O

II

I

I

90%

NaOH

26%

90%

(a)

(b)

(d)

(e)

(c)

H2O, 20 min, 120 W, r.t.

H2O, 20 min, 120 W, r.t.

H2O, 20 min, 120 W, r.t.

H2O, 20 min, 120 W, r.t.

Scheme 2. Proposed catalytic pathway for the reaction.
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amide I. Then the intramolecular C–N reactions of the halide and amino groups could
successfully provide the target product II under the reaction conditions.[9a,10c]
Furthermore, it was reported that quinazolinones could be easily transformed into

the corresponding quinazolines, which have various biological and medicinal activities.14

The present method provides a novel strategy for the synthesis of a diverse array of qui-
nazoline derivatives. For example, 4-(1H-benzo[d]imidazol-2-ylthio)-6-methoxypteridine
was prepared by this method starting from 3-iodo-6-methoxypyrazine-2-carboxylic acid
and acetamidine hydrochloride in a total yield of 28% (Scheme 3).
The obtained compound was then used in the MTT assay, and the results were

graphically represented in Figure 2. They displayed significant anti-proliferation effects
on both tested human breast cancer cell lines MCF-7 and SkBr3, and the IC50 values
obtained against MCF-7 cells and SkBr3 cells were 11.30 lM and 13.39lM, respectively.

Conclusion

In conclusion, an efficient protocol for the synthesis of quinazolinone derivatives
through copper-catalyzed cascade couplings of substituted 2-iodobenzoic acids and ami-
dines in water under microwave heating has been disclosed. The reactions can be car-
ried out in the air without an inert atmosphere, and water as a reaction medium
instead of the usually used organic solvents. Further studies into the reaction
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Scheme 3. Synthesis of 4-(1H-benzo[d]imidazol-2-ylthio)-6-methoxypteridine in water.

Figure 2. Relationship between inhibition rate for MCF-7 and SkBr3 cells and initial concentration.
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mechanism, and to expand the potential applications are currently in progress in our
laboratories.

Experimental

In a 10mL glass tube 2-iodobenzoic acid (1.0mmol), acetamidine hydrochloride
(1.2mmol), CuCl2 (0.1mmol), L2 (0.1mmol), and NaOH (4.0 equiv.) and 3.0mL water
were placed. The vessel was then sealed with a septum and placed into the microwave
cavity. Initial microwave irradiation of 120W by using a CEM Discover microwave syn-
thesizer was used at the room temperature for 20min. The reaction mixture was stirred
continuously during the reaction. After completion of the reaction, the solvent was
removed in vacuo. The residue was purified by silica gel column chromatography to
afford the corresponding product. All the products were confirmed by NMR and MS
spectroscopic analysis.
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