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Optimization of Synthesis Process of 4-Methylquinazoline3

4

Abstract: 4-Methylquinazoline was synthesized with 2-aminoacetophenone and formamide as the5

starting materials.  The reaction conditions, including catalyst, ratio of substrates, temperature and6

time were optimized.  Results showed that the optimal condition were as follows: catalyst BF3-7

Et2O, the molar ratio of 2-aminoacetophenone:BF3-Et2O = 1:0.5, the weight ratio of 2-8

aminoacetophenone : formamide = 1:52, temperature 150 °C, and time 6 h. Under the optimal9

conditions, the yield of the reaction achieved the highest (86%), which are better than the past10

reports.11
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1. Introduction13

Quinazolines are kinds of the important bioactive natural products. The derivatives of14

quinazolines originally can be extracted from plants and used as anti-malaria and anti-bacterial15

drugs. Quinazoline ring, as a key skeleton structure, can be combined with a variety of biological16

macromolecules, which leads to different biological activities [1]. Usually, the different17

pharmacophore can be introduced into the quinazoline skeleton to obtain various biological18

activities[2], and these derivatives have been widely used in pesticide and medicine fields, such as19

sterilization, insecticidal, antiviral, anti-inflammatory, antitumor, antihypertensive, tuberculosis,20

malaria, etc[3-6].21

During the last decade, the protein kinase has become an important target field of anti-tumor22

drug researches[7]. Quinazolines were also widely applied in the field of cancer drug development23

due to their good kinase inhibitor activity. The research of quinazoline derivatives is one of the hot24

medicinal chemistry field, and a variety of novel quinazoline compounds with better activities are25

eagerly expected to be synthesized.26

4-methylquinazoline is an important synthetic intermediate, and itself also has insecticidal27

activity of antimicrobial. It can be prepared by the reaction of aminoacetophenone and formamide28

with a Lewis acid catalyst. In the literature [8], the yield of 4-methylquinazoline is about 50%-75%29

and few researches were reported. The possible mechanism[9] for the reaction can be proposed as30

Scheme 1. Firstly, with the assistance of Lewis acid formamide attacks the carbonyl carbon of 2-31

aminoacetophenone, then the resulting transient state possibly undergoes an intramolecular32

cyclization (the N-formyl carbonyl reacts with adjacent amine like first step), and finally after33
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dehydration the quinazoline is produced. In this paper, we optimized the reaction conditions34

including Lewis acids, ratio of substrates, temperature and time. Under the optimal reaction35

conditions, the total yield is obtained up to 86% with the cheap Lewis acid BF3-Et2O. These36

researches offer an expanded potential to prepare for multigram quantities of 4-methylquinazoline.37

38

Scheme 1. Proposed mechanism for the formation of 4-methylquinazoline.39

2. Materials and methods40

2.1 General Information41

1H NMR spectrum was recorded with a Bruker Avance 400 spectrometer in DMSO and42

tetramethylsilane was used as an internal standard substance. All the reagents were purchased43

from commercial suppliers and used without further purification.44

2.2 Synthesis Section45

General method in the optimized researches: A solution of 2-aminoacetophenone in46

formamide containing Lewis acid was heated at pre-set temperature until the reaction is completed47

by TLC monitor. The reaction mixture was cooled to room temperature, then extracted with48

benzene. The organic layer was dried with anhydrous Na2SO4, filtrated, and evaporated to dryness49

in vacuum. The residue was purified by column chromatography on flash silica gel to give a50

yellow oil of 4-methylquinazoline8.51

Typical method for synthesis of 4-methylquinazoline by BF3•Et2O: A solution of 2-52

aminoacetophenone (0.5 g, 3.70 mmol) in freshly distilled formamide (10 mL) containing53

BF3·Et2O (0.25 mL, 1.85 mmol) was heated at 150 °C for 6 h, while the complete disappearance54

of the starting product was followed by TLC (Ethyl acetate/Petroleum ether = 2/5, v/v). The55

reaction mixture was cooled to room temperature, extracted with benzene (3×75 mL), dried with56

anhydrous Na2SO4, filtrated, and evaporated to dryness in vacuum. The residue was purified by57

column chromatography on flash silica gel, eluting the reaction products first with58

dichloromethane and then with ethyl acetate/petroleum ether (1/10, v/v) to give a yellow oil of 4-59

methylquinazoline (0.475 g, 85.7% yield). 1H NMR (400 MHz, DMSO): δ 9.11 (s, 1H), 8.27 (dt,60

NH2

O
H2N H

O

LA NH2

O
LA NH2COH

NH2

NH

HO

N

N

HO

OH
H

H
O

N

N

UNDER PEER REVIEW



J = 8.4, 0.9 Hz, 1H), 7.99 (dd, J = 2.3, 0.9 Hz, 1H), 7.98 (d, J = 1.0 Hz, 1H), 7.78 – 7.70 (m, 1H),61

3.34 (s, 1H), 2.91 (s, 3H).62

3. Results and discussion63

In our initial experiments, we studied the reaction in the presence of a variety of Lewis acids64

such as ZnCl2, AlCl3, BF3·Et2O and B(OH)3 under 150 °C and the results were shown in Table 1.65

In this study, 4-methylquinazoline was formed in 24–74% yield and BF3·Et2O gave the best result66

(Entry 4, yield in 74%) in 6 h. Considering the proton acids are usually used in the formation of67

imine[10], we screened acetic acid and sulfuric acid with molecular sieve (4 Å) exist, which can68

eliminate water produced in the reaction. We can find out that the yields are moderate as 55%69

(acetic acid, Entry 6) and 44% (sulfuric acid, Entry 7), respectively. Temperature of reaction was70

also an important condition; the experiments indicated that 150 °C was the best. At 140°C (Entry71

8), the yield of reaction changed a little and about 2% lower than the reaction at 150 °C. When the72

temperature was raised up to 160 or 180°C, the reaction time were not short as usually and the73

yields were down to 29% and 20% (Entry 9 and 10) due to the appearances of more new74

impurities with particularly unpleasant smell. It also should be noticed that prolong the reaction75

time cannot increase the yield because of the increasing of impurities (Entry 12).76

Table 1.  Initial optimization of reaction conditions for the synthesis of 4-methylquinazolinea77

78

Entry Lewis acidb Temperature (°C) Time (h) Yield (%)

1 ZnCl2 150 6 46.2

2 FeCl3 150 6 32.2

3 AlCl3 150 6 23.6

4 BF3-Et2O 150 6 74.6

5 B(OH)3
150 6 42.2

6 CH3COOH 150 6 54.9

7 H2SO4 150 6 44.0

8 BF3-Et2O 140 6 73.5
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9 BF3-Et2O 160 6 28.6

10 BF3-Et2O 180 6 19.7

11 BF3-Et2O 150 4 63.0

12 BF3-Et2O 150 8 40.7

a The weight ratio of 2-aminoacetophenone : formamide = 1:52; b The molar ratio of the acid:2-79
aminoacetophenone = 0.36:1.80

At the end, we optimized the weight ratio of 2-aminoacetophenone:formamide and the molar81

ratio of the BF3·Et2O:2-aminoacetophenone (Table 2). The results showed that when the weight82

ratio of 2-aminoacetophenone:formamide = 1:52 and the molar ratio of the BF3·Et2O:2-83

aminoacetophenone = 0.5:1, the reaction yield was the best (86%).84

Table 2. Optimization of the reaction conditions for the synthesis of 4-85

methylquinazoline86

87

Entry
weight ratio of 2-

aminoacetophenone:formamide
molar ratio of the BF3·Et2O:2-

aminoacetophenone

Yield

(%)

1 1 : 26 0.36 : 1 48.4

2 1 : 52 0.36 : 1 74.6

3 1 : 104 0.36 : 1 64.8

4 1 : 52 0.36 : 1 85.8

5 1 : 52 0.36 : 1 41.2

88

4. Conclusion89

In conclusion, we have presented optimized procedures for the synthesis of 4-90

methylquinazoline by intermolecular condensation reaction of 2-aminoacetophenone and91

formamide with the assistant of Lewis acid. Results showed that the optimal condition were as92

follows: the Lewis acid is BF3·Et2O, the molar ratio of 2-aminoacetophenone:BF3·Et2O is 1:0.5,93

the weight ratio of 2-aminoacetophenone:formamide is 1:52, the reaction temperature is 150 °C,94
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and time is 6 h. Under the optimal conditions, the yield of the reaction achieved the highest (86%),95

which are better than the past reports.96
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