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Controlling the reaction temperature at 50 �C, 80 �C, and 110 �C, respectively, the iodine-catalyzed reac-
tion of 2-aminobenzamides with 1,3-cyclohexanediones gave structurally diversified products. In the lat-
ter, it gave bis-quinazolin-4(3H)-ones unexpectedly, with 1,3-cyclohexanediones ring-opening.

� 2012 Elsevier Ltd. All rights reserved.
Introduction ring-opening of 1,3-cyclohexanedione, novel bis-quinazolin-4(3H)-
Quinazoline and its derivatives are an important class of hetero-
cyclic compounds, which have attracted a considerable attention
for their anti-cancer activity,1 and have also been tested for their
potential biological and pharmacological activities, for example
anti-inflammatory,2 anti-hypertensive,3 anti-tumor,4 and anti-bac-
terial activity.5 Recently, they have also been evaluated as antago-
nists of various biological receptors, such as treating 5-HT5A

receptor related diseases,6 antagonists of calcitonin gene-related
peptide receptor,7 vasopressin V3 receptor antagonists.8 Hence,
the synthesis of quinazoline derivatives is currently of great inter-
est both in organic synthesis and medicinal chemistry.9

To our knowledge, only a few literature studies concern about
the synthesis of bis-quinazoline derivatives.10 As a novel member
of this family, it contains two quinazoline moieties, may afford
unique biological activities. In our previous study,10a we have
described that quinazolin-4(3H)-one or bis-quinazolin-4(3H)-one
derivatives were obtained in high yields, using 2-aminobenza-
mides and various kinds of aldehydes or ketones including 1,4-
cyclohexanedione as reactants in ionic liquids catalyzed by iodine.
As a continued study to the synthesis of the potential biological
active molecules and with iodine-catalyzed reactions, herein,
we would like to report the reaction of 2-aminobenzamide with
1,3-cyclohexanedione catalyzed by iodine. With the unexpected
ll rights reserved.

ang).
one derivatives were obtained in moderate yields respectively.

Results and Discussions

Treatment of 2-aminobenzamide 1a with an equivalent of 5,5-
dimethyl-1,3-cyclohexanedione (dimedone) 2a in toluene at
100 �C catalyzed by 5 mol % iodine, gave 2-(3-(1,2,3,4-tetrahydro-
2-methyl-4-oxoquinazolin-2-yl)-2,2-dimethylpropyl)quinazolin-
4(3H)-one 3a in 42% yield unexpectedly (Scheme 1).

Subsequently, reaction conditions including reaction tempera-
ture, amount of iodine, and mole ratio, were optimized in our
lab. The yield of 3a was improved to 72% in toluene at reflux cata-
lyzed by 10 mol % iodine, with a molar ratio of 1a and 2a being
2.1:1. Under the optimized reaction conditions, various kinds of
2-aminobenzamides 1 and 1,3-cyclohexanediones 2 were sub-
jected to the reaction to give 3a–i in moderate yields (65–75%,
Scheme 2, Table 1). The structure of 3a was confirmed by X-ray dif-
fraction analysis, and its crystal structure is shown in Figure 1.

According to the structure of the product and the literature,12

we think that the dehydration, isomerization, cyclization, ring-
opening of dimedone, second dehydration, and cyclization reac-
tions may take place in a sequence. The proposed mechanism
was outlined in Scheme 3.

In order to get more insight into the above-mentioned reaction,
we lowered the reaction temperature to obtain the intermediates.
To our delight, intermediate 5a was isolated in 43% yield,13 when
the reaction temperature was controlled at 80 �C, with the molar
ratio of 1a and 2a being 1.1:1 (Scheme 4). The structure of 5a
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Scheme 1. The model reaction of 1a and 2a.
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Scheme 2. The reaction of 1 and 2 in toluene.

Table 1
Synthetic results of 3a–i in toluene a,11

Products R R1 R2 Time (h) Isolated yields (%)

3a H CH3 CH3 12 72
3b 4-Cl CH3 CH3 15 68
3c 5-Cl CH3 CH3 16 70
3d 5-CH3 CH3 CH3 10 75
3e H H CH3 15 65
3f 5-CH3 H CH3 12 73
3g 5-Br H CH3 11 67
3h 4-Cl H CH3 14 70
3i 5-CH3 H H 13 65

a Reaction condition: toluene (10.0 mL), 1 (2.1 mmol), 2 (1.0 mmol) and iodine
(0.026 g, 0.01 mmol), 110 �C.

Figure 1. Crystal structure of product 3a.
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Scheme 4. The synthetic route of products 5a–c.
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was agreed with the one14 reported by Miyano and Lessel,
respectively.

In our continued study, intermediate products 5 were obtained
without further separation, then, they were treated with another
equivalent of different 2-aminobenzamide directly at 110 �C
(Scheme 5), giving structurally diversified bis-quinazolin-4(3H)-
one derivatives 6a–g in moderate yields (Table 2) as we expected.
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Scheme 3. The possible mechanism for the formation of product 3.



Figure 2. Crystal structure of product 6d.

Table 3
Synthetic results of 4a–l in toluene a,16

Entry R R1 Products Time (h) Isolated yields (%)

1 H H 4a 6 90
2 H Ph 4b 8 92
3 H 4-MeOC6H4CH2 4c 8 87
4 H 3-Cl-4-FC6H3 4d 10 84
5 H 4-FC6H4 4e 10 88
6 H 4-MeC6H4 4f 8 90
7 H 2-Furylmethyl 4g 8 93
8 H 4-i-PrC6H4 4h 8 91
9 H 4-n-BuC6H4 4i 6 87
10 5-Me H 4j 6 90
11 5-Cl H 4k 10 86
12 5-Br H 4l 10 86

a Reaction condition: toluene (10 mL), 1 (2.1 mmol), dimedone (0.280 g,
2.0 mmol), and iodine (0.026 g, 0.01 mmol), 50 �C.
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Figure 3. Crystal structure of intermediate 4f.
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Scheme 5. The crisscross reaction of 2 with two different equivalents of 1.

Table 2
Synthetic results of 6a–g in toluene a,15

Entry R R1 Products Isolated yields (%)

1 H 5-Br 6a 63
2 H 3-CH3 6b 65
3 H 4-Cl 6c 70
4 H 5-Cl 6d 74
5 H 5-CH3 6e 65
6 5-CH3 4-Cl 6f 76
7 5-CH3 5-Cl 6g 70

a Reaction condition: toluene (10.0 mL), 1 (1.1 mmol), dimedone (0.140 g,
1.0 mmol), and iodine (0.026 g, 0.01 mmol), 80 �C; then 1 (1.0 mmol), 110 �C.
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One of the products 6d was also confirmed by X-ray diffraction
analysis and its crystal structure is shown in Figure 2.

It is very interesting that intermediates 4a–l were obtained in
high yields (Table 3), when the reaction temperature was further
lowered to 50 �C catalyzed by 5 mol % iodine. In addition, it was
found that 4 with substituent on the nitrogen atom of amide could
not be further converted into 5. Perhaps, a high steric effect hin-
dered the subsequent cyclization and ring-opening reactions.
Therefore, the reaction was held at the stage of enamine (Scheme 6).
The structure of 4f was additionally confirmed by X-ray diffraction
analysis and its crystal structure is shown in Figure 3.

Conclusion

In summary, the interesting and iodine-catalyzed reaction of 2-
aminobenzamides with 1,3-cyclohexanediones is described in this
Letter. Controlling the reaction temperature, it gives structurally
diversified products, respectively, and produces novel and unex-
pected bis-quinazolinone derivatives at 110 �C finally.
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