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Abstract—A short and facile synthesis of a series of quinazolin-4(3H)-ones and 1,2-dihydroquinazolin-4(3H)-ones was accom-
plished in good yields via the novel reductive cyclization of o-nitrobenzamides and triethyl orthoformate, aldehydes or ketones
promoted by TiCl4/Zn. © 2003 Published by Elsevier Science Ltd.

Low-valent titanium reagents have an exceedingly high
ability to promote reductive coupling of carbonyl com-
pounds and are attracting increasing interest in organic
synthesis. Many other functional groups can also be
coupled.1

Recently, we have reported the cyclodimerization of
�,�-unsaturated ketones and �,�-unsaturated nitriles
promoted by this reagent yielding functional
cyclopentanes2 and cyclopentenes,3 respectively.

Preparations of quinazolin-4(3H)-ones are in demand
because of their potential biological and pharmaceutical
activities.4 Unfortunately, synthetic methods for the
elaboration of this bicyclic system are not general in
scope, and involve multistep, and often low-yielding,
reaction sequences. The main synthetic approaches to
such compounds consist of preliminary amidation of
2-aminobenzonitrile, 2-aminobenzoic acid or ethyl 2-
aminobenzoate5 and the aza-Wittig reactions of �-
azido-substituted aromatic imides.6 Different one-pot
syntheses have been described, but the condensation of
2-aminobenzoic acid with amides or nitriles requires
either high temperature or must be affected in a sealed
tube at 200°C.7 Here we wish to describe a new method
induced by the TiCl4/Zn system for the preparation of
quinazolin-4(3H)-ones and 1,2-dihydroquinazolin-
4(3H)-ones using o-nitrobenzamides as the starting
material.

When N-aryl-o-nitrobenzamides 1 and triethyl ortho-
formate 2 were treated with low-valent titanium pre-

pared from titanium tetrachloride and zinc powder in
anhydrous THF, the reductive cyclization products,
quinazolin-4(3H)-ones 3 were obtained in good yields
(Scheme 1). The results are summarized in Table 1.

Moreover, treatment of o-nitrobenzamides 4 and
ketones or aromatic aldehydes 5 with TiCl4–Zn in
anhydrous THF under the same reaction conditions
afforded 1,2-dihydroquinazolin-4(3H)-ones 6 in good
yields (Scheme 2).

Scheme 1.

Table 1. The synthesis of quinazolin-4(3H)-ones promoted
by TiCl4/Zn

Entry X Ar Isolated yield (%)

C6H5H3a 84
H3b 844-CH3C6H4

H3c 4-ClC6H4 86
3d H 3-Cl-4-F-C6H3 79

C6H5 903e Cl
4-CH3C6H4 933f Cl

914-ClC6H43g Cl
4-BrC6H4 873h Cl
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Figure 1. ORTEP diagram of 3a.

Scheme 2.

Table 2 summarizes our results. All reactions could be
carried out under mild conditions. However, N-phenyl-
o-nitrobenzamide failed to react with 3-pentanone,
cyclopentanone, benzaldehyde or acetophenone under
these conditions, although the reaction of o-nitrobenza-
mide 4 and the cyclic ketones 7 with the same reagent
system afforded 2,2-polymethylene-1,2-dihydroquina-
zolin-4(3H)-ones 8 (Scheme 3) and the results are sum-
marized in Table 3. However, o-nitrobenzamide failed
to react with acetophenone or 1-tetralone.

The structures of 3, 6 and 8 were confirmed by IR, 1H
NMR and elemental analysis.8 The structures of 3a and

Figure 2. ORTEP diagram of 8c.

Scheme 3.
8c were further confirmed by X-ray analysis (Fig. 1 and
Fig. 2).9

In summary, a series of quinazolin-4(3H)-ones and
1,2-dihydroquinazolin-4(3H)-ones were synthesized via
reductive cyclization of o-nitrobenzamides with triethyl
orthoformate, aldehydes or ketones induced by the
TiCl4/Zn system. The advantages of our method are the
easily accessible starting materials, convenient manipu-
lation and moderate to high yields.

Table 3. The reductive cyclization of o-nitrobenzamides
and cyclic ketones

Isolated yield (%)Entry nX

H 1 848a
Cl8b 1 89

8c H 2 63
Cl 28d 83

Table 2. The synthesis of 1,2-dihydroquinazolin-4(3H)-ones promoted by TiCl4/Zn

Entry Isolated yield (%)R3R2R1X

H C6H56a CH3 CH3 81
H 4-CH3C6H4 CH3 CH3 886b
H 4-BrC6H46c CH3 CH3 83

6d C6H5Cl 85CH3CH3

Cl6e CH3 89CH34-CH3C6H4

Cl 4-ClC6H46f CH3 CH3 86
6g Cl 4-CH3C6H4 CH3 CH3CH2 79

H 826h H H C6H5

4-CH3C6H4H H 91H6i
4-CH3OC6H4H H 89H6j

92H4-ClC6H46k HH
H6l 92H H 3,4-OCH2OC6H3

H H6m 3,4-(OCH3)2C6H3 H 93
80H4-CH3C6H4H6n Cl

Cl H 4-CH3OC6H4 H 876o
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