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2,4-Disubstituted tetrahydroquinazolines can be readily obtained via a four-component aza-Diels–

Alder reaction inside a microwave reactor. The methodology developed is simple, catalyst- and 

solvent-free and can be tuned to get dihydroquinazoline derivatives. 
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Catalyst- and solvent-free, pot, atom and step economic 

synthesis of tetrahydroquinazolines by an aza-Diels–

Alder reaction strategy 

Debajyoti Bhuyan
a
, Rupam Sarma

b
, Yuvaraj Dommaraju

a
, Dipak Prajapati

a,* 

 

A pot, atom and step economic (PASE) synthesis of 

tetrahydroquinazolines has been achieved via microwave-

assisted four-component catalyst- and solvent-free aza-

Diels–Alder reaction strategy. The key step of the 

methodology is the in situ generation of both the diene and 

the dienophile and their subsequent reaction to give the 

desired product. 

Introduction 

The concept of pot, atom and step economy (PASE), first 

conceived by Clarke and co-workers,1 provides a new line of 

approach towards developing environmentally friendly synthetic 

technologies. The formulation of the PASE concept is based on the 

introduction of the idea of pot economy and combining it with the 

already known ideas of atom and step economy. An atom economic 

procedure takes into consideration the number of atoms of all the 

reagents that constitutes the desired product, thereby regulating the 

waste generated in terms of participating atoms.2 On the other hand, 

a step economic procedure regulates the efficiency of a procedure by 

minimising the number of steps required to synthesize the target 

molecule.3 A method is considered pot economic if successive 

reaction steps can be carried out in one reaction vessel without the 

requirement of workup and isolation of the intermediate species.4 

The beauty of the PASE concept is that it brings together divergent 

aspects of green chemistry within a single umbrella so that one can 

plan, execute and monitor organic synthesis in a way that leads to 

minimal waste generation. 

The hetero Diels–Alder reaction has become a powerful and 

widely used strategy for the construction of N-containing 6-

membered heterocyclic units as it ensures 100% atom economy.5 A 

number of synthetic groups have craftily employed the aza-Diels–

Alder (ADA) reaction to construct substructures of biological and 

pharmaceutical significance.6 For example, synthesis of microfungal 

alkaloid (±)-lapatin B and other alkaloid-type polycycles has been 

achieved via the aza-Diels–Alder reaction strategy.7 Numerous 

asymmetric and nonasymmetric ADA methods has been developed 

to prepare N-heterocycles such as pyridine,8 pyrimidine9 and 

quinoline.10 Moreover, nitrogen containing tetracyclic11 and 

tricyclic12 compounds can also be obtained by employing the ADA 

reaction. Despite being highly efficient, majority of the reported 

ADA techniques either requires catalyst, ligand, co-catalyst, additive 

or inert atmosphere for the transformation to take place or the pre-

requisite to synthesize the diene and/or dienophile. In such a 

scenario, development of catalyst- and solvent-free ADA reaction, 

with the added flavour of in situ generation of both the diene and 

dienophile will provide an intriguing and green alternative to 

conventional approach. 

Quinazolines are an important class of heterocyclic compounds 

because of their presence in various alkaloids13 and development of 

quinazoline based drugs such as gefitinib(Iressa) and 

erlotinib(Tarceva). Quinazoline and its hydrated derivatives have 

also shown diverse biological and therapeutic properties such as 

selective inhibitor of the tyrosine kinase activity of the epidermal 

growth factor receptor (EGFR)14, anticancer, antitubercular, 

antibacterial, and antiviral activity.15 Because of such desirable 

properties, recent years have witnessed a sharp increase in interest 

towards development of quinazoline derivatives.16 Although a range 

of attractive protocols for assembling the quinazoline core are 

available, simple, rapid and eco-friendly methods are significantly 

less and involves considerable synthetic challenge. 

Over the past decade, microwave assisted organic synthesis 

(MAOS)17 has blossomed into a popular branch of synthetic organic 

chemistry as it offers fundamental advantages like conservation of 

energy and time while performing the organic transformation.18 Very 

recently, we have developed microwave-promoted aza-Diels–Alder 

reaction for the synthesis of various aza-heterocycles.19 We have 

also demonstrated that dihydroquinazolines can be efficiently 

synthesized via a eco-friendly procedure under microwave 

irradiation.20 In the context of our interest towards developing 

environmentally benign synthetic methodologies,19-21 we describe in 

this paper a microwave-promoted four-component catalyst- and 

solvent-free synthesis of tetrahydroquinazolines. 

Results and Discussion 

Initial studies were carried out by taking 2-naphthylamine 1a, 

benzaldehyde 2a and ammonium acetate 3 as model substrates. In a 

typical experiment, a mixture of 1a, 2.2 equiv of 2a and 1.2 equiv of 

3 were irradiated inside a microwave reactor in absence of any other 
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catalyst or additives to obtain a 2,4-diaryltetrahydroquinazoline 

derivative 4a as major product with a small amount of the 

corresponding Schiff base as minor product (Scheme 1).  

 

NH2

CHO

NH4OAc NH

H
N

MW, 700 W

6 min

1 2a 3

4a  

Scheme 1 

To optimise the conditions, the effects of solvent, reaction time 

and microwave power were monitored. Optimisation studies 

revealed that best results can be obtained when the reactants are 

irradiated at 700 W for 6 min under neat condition (See Table S1, 

ESI). Enhancement of the reaction rate under neat conditions 

compared to different solvents was quite encouraging as no solvent 

is often considered the best solvent for carrying out organic 

reactions. Except for lower molecular weight alcohols, which 

showed partial conversion, no other solvents were found to be 

compatible for this reaction. 

In a recent report, we have shown that urea can also be employed 

as an alternative source of ammonia under microwave conditions.20 

Therefore, we became interested to explore the possibility of 

employing urea as ammonia source for our current transformation. 

For this purpose, a four component reaction was carried out between 

1 equiv of 1a, 2.2 equiv of 2a and 1 equiv of urea under identical 

experimental conditions (Scheme 2). To our delight, the same 2,4-

diaryltetrahydroquinazoline derivative 4a was obtained, albeit with 

much lower yield. Schiff base 6 was, instead, obtained as main 

product, which can be separated by silica gel column 

chromatography. Alternation in reaction conditions did not result in 

increase in yield of the tetrahydroquinazoline product (See Table S2, 

ESI). 

NH2

CHO

NH2CONH2 NH

H
N

MW, 700 W

1 2a 5
4a

N

6  

Scheme 2 

In the next step, the feasibility of the reaction scheme was 

explored by employing various aryl aldehydes and the results are 

summarized in table 1. It was observed that the nature of the 

substituent present in the aromatic ring of the aldehydes do not have 

any significant impact over the yield of the reaction. Aryl aldehydes 

with both electron-donating as well as withdrawing substituent 

participated in the reaction smoothly with comparable yields. In all 

cases, replacement of ammonium acetate with urea resulted in 

formation of the same product, with much lower yield. Aliphatic 

aldehydes did not participate in the reaction when either ammonium 

acetate or urea was used as the ammonia source. Although 

conclusive evidence has not yet been obtained, the difference in 

reactivity of ammonium acetate and urea may arise because of their 

differential ability to release ammonia and form the aldimine 

intermediate. Ammonium acetate readily forms the highly reactive 

aldimine intermediate which is trapped by the stable Schiff base to 

form the quinazoline. The reluctance of urea to form the reactive 

aldimine results in poor yield of the desired quinazoline with 

generation of the Schiff base as major product. 

Although mechanistic studies are not performed, formation of 

the observed product can be rationalized via an aza-Diels−Alder 

pathway as shown in Scheme 3. Initially naphthylamine 1 and aryl 

aldehyde 2 reacts to form a Schiff base A. It is proposed that there is 

simultaneous release of ammonia by either ammonium acetate or 

urea under microwave condition which forms a reactive aldimine B 

with the second molecule of the aldehyde. This reactive aldimine 

then undergoes instantaneous [4 + 2] cycloaddition with the diene 

system of the Schiff base to generate the 2,4-

diaryltetrahydroquinazoline 4. 

Table 1 Synthesis of tetrahydroquinoline derivatives 4 under MW 

conditiona 

Entry Aldehyde Product % Yieldb

CHO

CHO

CHO

NO2

CHO
Cl

CHO

Cl

CHO

CHO

Br

4a

4b

4c

4d

4e

4f

1
2

3
4

5
6

7
8

9
10

11
12

13
14

CHO

4h15
16

NH

H
N

NH

H
N

NO2O2N

NH

H
N

NH

H
N

Cl

Cl

NH

H
N

Cl Cl

NH

H
N

NH

H
N

Br

Br
NH

H
N

Br

Br

CHO

NH

H
N

17
18

4i

S CHO NH

H
N

S

S19
20

4j

4g

F

FF

CHO

OCH3

21
22 NH

H
N

H3CO OCH3

CHO

4l23
24

NH

H
N

4k

CHO

4m
25
26 NH

H
N

Br

BrBr

82
30

80
32

78
20

85
28

82
25

79
27

83
28

85
30

77
25

78
29

80
20

80
24

82
30

Br

Amm. Acetate/Urea

NH4OAc

Urea

NH4OAc

Urea

NH4OAc

Urea

NH4OAc

Urea

NH4OAc

Urea

NH4OAc

Urea

NH4OAc

Urea

NH4OAc

Urea

NH4OAc

Urea

NH4OAc

Urea

NH4OAc

Urea

NH4OAc

Urea

NH4OAc

Urea

 a2-naphthyl amine (1 mmol), aldehyde (2.2 mmol), ammonium acetate (1.2 mmol) were 

mixed and irradiated at 700 watt for 6 min in absence of any solvent in a microwave 

reactor. bisolated yield. 
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Scheme 3 Proposed mechanism for formation of 2,4-

diaryltetrahydroquinazoline derivative 

To verify our proposed mechanism, a three component crossed 

reaction was carried out by reacting a pre-formed Schiff base A with 

an aldehyde and ammonium acetate (Scheme 4). As expected, the 

2,4-diaryltetrahydroquinazoline derivative 7 was obtained in 42-50% 

yield. This shows that the experimental results are highly consistent 

with the proposed mechanism. 

N

CHO

NH4OAc NH

H
N

7

Cl

R

R
Cl

R: H       7a      50% yield

    CH3    7b     42% yield

A 2 3

 

Scheme 4 

Most recently, Kappe and co-workers22 have experimentally 

shown that contrary to the common notion, most microwave-

irradiated chemical transformations can be rationalized by 

considering them as pure thermal phenomenon. In other words, 

existence of genuine non-thermal microwave effect is not possible. 

This also meant that a transformation that is successful under 

microwave heating must be feasible under conventional heating too. 

Therefore, it was decided to study our reaction under thermal 

condition without indulging in the detailed study of effect of 

temperature. Gratifyingly, the desired 2,4-diaryltetrahydro-

quinazoline 4a was obtained in 75 % yield when a mixture of 2-

naphthylamine 1a, 2.2 equiv. of benzaldehyde 2a and 1.2 equiv. of 

ammonium acetate 3 were heated on a preheated oil bath at 150 0C 

for 8 h. Generalisation of the reaction was carried out to examine the 

scope of the method under thermal condition and the results are 

listed in Table 2. Thermal heating was also found to be effective and 

good yields were obtained in all cases. However, little amount of 

Schiff base remained unreacted which can be separated by column 

chromatography. As column chromatography is not considered as 

100% green method of separation, alternative methods for separation 

of products was also tried. It was found that the product can be 

separated in reasonably good yield by crystallisation from methanol-

water mixture. It may be proposed that the crystallization technique 

can be suitably implemented for large scale implementation of this 

procedure. 

 

NH2

N

H
NAr Ar

150 0C

1 2 3

8

15 h
Ar CHO NH4OAc

Ar: C6H5       8a       70% yield

 4-F-C6H4    8b        72% yield 

Scheme 5 

Table 2 Synthesis of tetrahydroquinoline derivatives 4 under thermal 

conditiona 

Entry Aldehyde Product % Yieldb

4a

4b

4c

4d

4e

4f

1

2

4h

4i

4j

4g

4l

4k

4m

C6H5-CHO

4-F-C6H4-CHO

4-NO2-C6H4-CHO

2-Cl-C6H4-CHO

4-Cl-C6H4-CHO

4-CH3-C6H4-CHO

3-Br-C6H4-CHO

2-CH3-C6H4-CHO

2-Br-C6H4-CHO

2-Thiophenaldehyde

4-OCH3-C6H4-CHO

3-CH3-C6H4-CHO

4-Br-C6H4-CHO

3

4

5

6

7

8

9

10

11

12

13

75

77

70

70

71

68

70

72

70

65

68

72

72

NH2

NH

H
NAr Ar

150 0C

1 2 3

4

8 h
Ar CHO NH4OAc

 

a2-naphthyl amine (1 mmol), aldehyde (2.2 mmol), ammonium acetate (1.2 mmol) were 

mixed and heated in absence of any solvent on a preheated oil bath at 150 0C for 8 h. 
bisolated yield. 

Quite interestingly, when the reaction was allowed for a longer 

period of time, we observed formation of a new product along with 

the expected tetrahydroquinazoline product. Spectoscopic analysis 

confirmed this new product to be a 1,2-dihydroquinazoline 

derivative 8 (Scheme 5).    

After careful optimization, it was found that the reactants can be 

directly converted to the 1,2-dihydroquinazoline derivative after 15 h 

of conventional heating. Further increase in reaction time led to 

decomposition of the product, thereby resulting in lower yield of the 

reaction. We envisioned that the dihydroquinazoline 8 may form by 

initial formation of the tetrahydro compound 4 followed by its air 

oxidation (Scheme 6). The oxidation of the tetrahydroquinazoline to 

the corresponding dihydro compound simply by prolonging the 

reaction time is quite exciting as this is a difficult proposition under 

conventional circumstances. However, the reaction was unfruitful 

when ammonium acetate was replaced by urea. Only the Schiff base 

from naphthylamine and aryl aldehyde was obtained and no cyclized 

product was detected. 

NH2

CHO

NH4OAc
NH

H
N

1 2a 3

4a

N

H
N

8a

Air

Oxidation

                                                                                      

                                    Scheme 6 
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Conclusions 

In conclusion, we have developed an efficient aza-Diels–

Alder reaction for the construction of 2,4-

diaryltetrahydroquinazoline derivatives. The reaction is feasible 

under both microwave and thermal conditions and can be tuned 

by varying the time to obtain dihydroquinazoline derivatives 

under thermal heating. The cascade nature of the transformation 

as well as in-situ generation of both the diene and dienophile 

and their subsequent cycloaddition makes this methodology 

pot, atom and step economic. Urea is also shown as a nitrogen 

source under microwave conditions and can be exploited 

further for preparation of six membered aza heterocycles. 

Overall, this one-pot four-component method is simple, rapid 

and efficient, and provides an alternative for the construction of 

tetrahydroquinazolines in absence of harmful organic solvent 

and additives. 
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