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A facile and efficient protocol for the synthesis of chromeno[2,3-d]pyrimidinones and diazabenzo[b]flu-
orenones has been developed by one-pot three-component cyclocondensation of aldehydes, cyclic-1,3-
diketones and 1,3-dimethylbarbituric acid in the presence of InCl3 or P2O5 under solvent-free conditions.
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The interesting and diverse biological activities1,2 of dihydro-
pyrimidinones (DHPMs) have been explored through the genera-
tion of libraries of compounds via microwave, solid-phase, and
fluorous-phase technologies.2 Chromene derivatives are widely
present in plants including edible vegetables and fruits,3 and are
promising compounds in the field of medicinal chemistry.4 Stealt-
hins isolated from Streptomyces ciridochromogenes as potent radical
scavengers are the first known members of natural benzo[b]fluore-
nones, a recently discovered class of metabolites.5,6 Recently,
anthracene derivatives have been synthesized and screened for
their antibacterial and antifungal activities.7 Diazaanthracene
derivatives8 have been utilized as dye-forming components for
copying methods, whereas polyazaanthracenes are useful precur-
sors for preparing bioluminescent substrates and light-emitting
components for organic light-emitting devices,9 and are utilized
as potential DNA intercalators.10

Multicomponent reactions (MCRs) being highly flexible,
selective, and convergent in nature have a significant part of today’s
arsenal of methods in organic synthesis.11 MCRs leading to
interesting heterocyclic scaffolds are useful for the construction of
diverse chemical libraries of ‘drug like’ molecules.12,13 The possibil-
ity of performing chemical reactions in the absence of solvent has
been receiving more attention now-a-days.14 The examples
reported14–16 demonstrate that solvent-free reactions are generally
ll rights reserved.
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faster giving higher selectivities and excellent yields. It is evident
from the recent literature that indium trichloride17 has invoked
enormous interest as a green and potential Lewis acid catalyst for
the construction of carbon–carbon and carbon–heteroatom bonds,18

due to its air and water compatibility, good reactivity19 and remark-
able ability to suppress side reactions in acid sensitive substrates.
Phosphorous pentoxide is a mild, selective, and readily biodegrad-
able reagent, which has also been utilized widely in various organic
transformations.20–22 Recently, chromeno[2,3-d]pyrimidinones
have been synthesized by one-pot three-component condensation
of barbituric acids, aldehydes, and cyclohexane-1,3-diones in reflux-
ing ethanol in the presence of p-toluenesulfonic acid.23 However, the
above method suffers from drawbacks such as longer reaction time
(4–8 h) and the need for an acidic catalyst in high mole percentage.
As part of our ongoing research program on the development of new
protocols in heterocyclic synthesis,24 we report herein a one-pot
three-component synthesis25 of chromeno[2,3-d]pyrimidinones
(4) and 6,10-dihydro-5-oxa-6,8-diazabenzo[b]fluorene-7,9,11-tri-
ones (5) promoted by InCl3 or P2O5 under solvent-free conditions
(Scheme 1).

Initially, the three-component cyclocondensation of 4-bromo-
benzaldehyde (1.0 mmol), dimedone (1.0 mmol), and 1,3-dimeth-
ylbarbituric acid (1.2 mmol) as a model reaction was performed
in refluxing dichloromethane in the presence of different catalysts
such as CAN (30 mol %, 22 h), P2O5 (20 mol %, 14 h), and InCl3

(10 mol %, 8 h) separately, resulting the desired product 4 in 42%,
58%, and 72% yields, respectively. Further, to optimize the reaction
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Scheme 1. Coupling of aldehydes (1), cyclic-1,3-diketones (2), and 1,3-dimethyl-
barbituric acid (3) to yield 4 and 5.
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conditions, the above model reaction was carried out in the
absence of solvent at 100 �C with the above respective catalysts
to give 50%, 80%, and 85% yields within 25–45 min. Subsequently,
we carried out another set of reactions under similar conditions
taking 4-nitrobenzaldehyde (1.0 mmol), cyclohexan-1,3-dione
(1.0 mmol) and 1,3-dimethylbarbituric acid (1.2 mmol) giving the
Table 1
Optimization of conditions for the synthesis of 4a

Entry Temp (�C) Loading (mol %)

Method A (InCl3) Method B (P2O5) Method A

1 100 No catalyst 8 h
2 80 5 10 70
3 100 5 10 45
4 120 5 10 40
5 80 10 20 50
6 100 10 20 25
7 120 10 20 25
8 80 15 25 40
9 100 15 25 25

10 120 15 25 25

a Reaction conditions: 4-nitrobenzaldehyde (1.0 mmol), dimedone (1.0
b Isolated yields.

Table 2
InCl3 and P2O5 promoted cyclocondensation of aldehydes, cyclic-1,3-diketo

Entry R 1,3-Diketone (2)

Method A (In

4a p-F�C6H4 Dimedone 30
4b p-NO2�C6H4 Dimedone 25
4c m-NO2�C6H4 Dimedone 35
4d o-NO2�C6H4 Dimedone 30
4e p-MeO�C6H4 Dimedone 35
4f o-MeO�C6H4 Dimedone 40
4g p-Cl�C6H4 Dimedone 28
4h m-Cl�C6H4 Dimedone 25
4i p-Me�C6H4 Dimedone 30
4j m-OH�C6H4 Dimedone 35
4k p-Br�C6H4 Dimedone 25
4l C6H5 Dimedone 25
4m 2-OH-3-MeO�C6H3 Dimedone 40
4n p-NO2�C6H4 Cyclohexane-1,3-dione 25
4o p-Me�C6H4 Cyclohexane-1,3-dione 35
4p p-Br�C6H4 Cyclohexane-1,3-dione 28
4q 2,4-Cl2�C6H3 Cyclohexane-1,3-dione 30
4r o-Cl�C6H4 Cyclohexane-1,3-dione 35
4s C6H5 Cyclohexane-1,3-dione 25
5a p-Me�C6H4 Indane-1,3-dione 35
5b p-NO2�C6H4 Indane-1,3-dione 32
5c p-Br�C6H4 Indane-1,3-dione 35

a For the experimental procedure, see Ref. 25.
b Yield of isolated and purified products.
desired product 4 in 52%, 83%, and 88% yields, respectively. The re-
sults show that under solvent-free condition the catalytic activities
of InCl3 and P2O5 increased significantly. Thus, InCl3 was found to
be a better choice than P2O5 and provides the desired products
exclusively in good yields and high purity.

A test reaction using 4-nitrobenzaldehyde (1.0 mmol), dime-
done (1.0 mmol), and 1,3-dimethylbarbituric acid (1.2 mmol) at
100 �C in the absence of solvent and catalyst was performed to
establish the real effectiveness of the catalyst. It was found that
only trace amount of the desired product was obtained even after
8 h of heating (Table 1, entry 1). After optimization, 10 mol % of
InCl3 and 20 mol % of P2O5 were found to be effective for the pro-
gress of the reaction. The effect of temperature was also studied
and the optimum temperature of the reaction was found to be
100 �C (Table 1). The best results were obtained when the reactions
were carried out with 10 mol % of InCl3 or 20 mol % of P2O5 at
100 �C (Table 1, entry 6). In this process P2O5 not only acts as pro-
moter but also as water scavenger, which plays an important role
in accelerating the reactions.

To explore the generality of the reaction, we extended our study
with different aromatic aldehydes and cyclic-1,3-diketones. The
Time (min) Yieldb (%)

(InCl3) Method B (P2O5) Method A (InCl3) Method B (P2O5)

Trace
85 62 58
65 75 70
50 76 72
60 74 66
30 92 84
30 90 82
50 78 72
30 92 84
30 90 82

mmol), and 1,3-dimethylbarbituric acid (1.2 mmol).

nes, and 1,3-dimethylbarbituric acida

Time (min) Yieldb (%)

Cl3) Method B (P2O5) Method A (InCl3) Method B (P2O5)

40 85 81
30 92 84
38 89 85
40 82 78
45 78 74
50 74 72
36 86 82
37 84 75
35 80 78
45 78 75
32 85 80
30 88 84
60 78 73
35 88 83
40 75 72
38 82 78
42 78 75
40 78 76
35 85 78
40 55 50
40 57 52
42 53 48



R. Kumar et al. / Tetrahedron Letters 51 (2010) 5933–5936 5935
results of synthesis of a series of 9-oxa-1,3-diazaanthracene-2,4,5-
triones (4) and 5-oxa-6,8-diazabenzo[b]fluorene-7,9,11-triones (5)
are summarized in Table 2. This protocol tolerates a variety of aro-
matic aldehydes containing both electron-withdrawing and elec-
tron-donating substituents at ortho-, meta- or para-positions.
However, when some aliphatic aldehydes such as propionalde-
hyde, isobutyraldehyde, cinnamaldehyde, and cyclohexanecarbox-
aldehyde were used in this protocol under the above optimized
conditions, it led to a mixture of products in low yields. This may
be attributed to the aldol condensation as a side reaction.

In conclusion, we have developed a convenient one-pot three-
component cyclocondensation reaction between aromatic alde-
hydes, cyclic-1,3-diketones, and 1,3-dimethylbarbituric acid for
the preparation of 9-oxa-1,3-diazaanthracene-2,4,5-triones and
6,10-dihydro-5-oxa-6,8-diaza-benzo[b]fluorene-7,9,11-triones of
potential synthetic and pharmacological interest. Solvent-free con-
ditions, good yields of the products, and the use of simple and
readily available starting materials are the main advantages of this
method.
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Data for some selected compounds: 10-(4-Fluorophenyl)-1,3,7,7-tetramethyl-
6,7,8,10-tetrahydro-1H-9-oxa-1,3-diazaanthracene-2,4,5-trione (4a): white solid,
mp 177–178 �C. 1H NMR (300 MHz, CDCl3): d = 1.05, 1.14 (2s, 6H, 2 � CH3), 2.25
(q, J = 4.5 Hz, 2H, CH2), 2.58 (s, 2H, CH2), 3.26, 3.48 (2s, 6H, 2� NCH3), 4.95 (s, 1H,
CH), 6.90–6.95 (m, 2H, ArH), 7.28–7.30 (m, 2H, ArH). 13C NMR (75 MHz, CDCl3):
d = 27.4, 28.1, 29.0, 29.1, 32.3, 40.5, 50.5, 92.0, 114.9, 115.2, 115.9, 129.7, 129.8,
138.9, 150.4, 151.1, 161.1, 161.2, 195.6. IR (KBr): m = 2954, 1721, 1675, 1660,
1518 cm�1. MS (m/z): 385 [M+1]+. Anal. Calcd for C21H21FN2O4 (384.4): C, 65.62;
H, 5.51; N, 7.29. Found: C, 65.50; H, 5.35; N, 7.46.
10-(4-Methoxyphenyl)-1,3,7,7-tetramethyl-6,7,8,10-tetrahydro-1H-9-oxa-1,3-di-
azaanthracene-2,4,5-trione (4e): white solid, mp 205–207 �C. 1H NMR (300 MHz,
CDCl3): d = 0.99, 1.09 (2s, 6H, 2� CH3), 2.19 (q, J = 6.9 Hz, 2H, CH2), 2.45 (s, 2H,
CH2), 3.39, 3.41 (2s, 6H, 2� NCH3), 3.73 (s, 3H, OCH3), 4.69 (s, 1H, CH), 6.74 (d,
J = 8.4 Hz, 2H, ArH), 8.32 (d, J = 8.7 Hz, 1H, ArH). 13C NMR (75 MHz, CDCl3):
d = 27.4, 28.2, 28.9, 29.3, 32.4, 33.3, 40.5, 50.5, 56.1, 90.1, 115.3, 121.9, 122.1,
128.3, 135.7, 145.1, 147.3, 150.3, 152.4, 161.2, 161.5, 194.5. IR (KBr): m = 2923,
1699, 1634, 1623, 1567, 1501, 1475 cm�1. MS (m/z): 397 [M+1]+. Anal. Calcd for
C22H24N2O5 (396.4): C, 66.65; H, 6.10; N, 7.07. Found: C, 66.39; H, 6.35; N, 7.29.
10-(4-Methylphenyl)-1,3,7,7-tetramethyl-6,7,8,10-tetrahydro-1H-9-oxa-1,3-diaza-
anthracene-2,4,5-trione (4i): white solid, mp 184–186 �C. 1H NMR (300 MHz,
CDCl3): d = 1.06, 1.13 (2s, 6H, 2 � CH3), 2.24 (s, 3H, ArCH3), 2.25 (q, J = 4.8 Hz, 2H,
CH2), 2.57 (q, J = 2.7 Hz, 2H, CH2), 3.24, 3.47 (2s, 6H, 2� NCH3), 4.83 (s, 1H, CH),
7.05 (d, J = 7.8 Hz, 2H, ArH), 7.20 (d, J = 7.8 Hz, 2H, ArH). 13C NMR (75 MHz, CDCl3):
d = 21.0, 27.5, 28.1, 29.0, 29.1, 32.3, 32.7, 40.5, 50.6, 92.4, 116.2, 128.0, 128.9, 136.4,
140.1, 150.4, 151.1, 160.9, 161.3, 195.6. IR (KBr): m = 2941, 1709, 1689, 1668,
1533 cm�1. MS (m/z): 381 [M+1]+. Anal. Calcd for C22H24N2O4 (380.4): C, 69.46; H,
6.36; N, 7.36. Found: C, 69.36; H, 6.19; N, 7.49.
10-(3-Hydroxyphenyl)-1,3,7,7-tetramethyl-6,7,8,10-tetrahydro-1H-9-oxa-1,3-di-
azaanthracene-2,4,5-trione (4j): white solid, mp 232–233 �C. 1H NMR (300 MHz,
CDCl3): d = 1.07, 1.13 (2s, 6H, 2 � CH3), 2.26 (s, 2H, CH2), 2.57 (q, J = 6.3 Hz, 2H,
CH2), 3.26, 3.48 (2s, 6H, 2� NCH3), 4.84 (s, 1H, CH), 4.97 (s, 1H, OH), 6.62 (d,
J = 7.8 Hz, 2H, ArH), 6.85 (s, 1H, ArH), 7.08–7.13 (m, 2H, ArH). 13C NMR (75 MHz,
CDCl3): d = 27.6, 28.2, 28.9, 29.2, 32.3, 32.9, 40.5, 50.6, 92.1, 114.0, 115.8, 116.1,
119.8, 129.3, 144.5, 150.4, 151.3, 155.8, 161.1, 161.2, 196.0. IR (KBr): m = 3493,
2943, 1711, 1692, 1671, 1529 cm�1. MS (m/z): 383 [M+1]+. Anal. Calcd for
C21H22N2O5 (382.4): C, 65.96; H, 5.80; N, 7.33. Found: C, 65.72; H, 5.59; N, 7.49.
6,8-Dimethyl-10-p-tolyl-6,10-dihydro-5-oxa-6,8-diazabenzo[b]fluorene-7,9,11-tri-
one (5a): red solid, mp 265–267 �C (dec). 1H NMR (300 MHz, CDCl3): d = 2.32 (s,
3H, ArCH3), 2.94, 3.37 (2s, 6H, 2� NCH3), 4.74 (s, 1H, CH), 6.94 (d, J = 7.8 Hz, 2H,
ArH), 7.10 (d, J = 7.5 Hz, 2H, ArH), 7.27–7.34 (m, 2H, ArH), 7.45–7.61 (m, 2H, ArH).
13C NMR (75 MHz, CDCl3): d = 21.3, 31.4, 31.9, 51.3, 120.9, 122.5, 123.8, 125.7,
128.6, 129.2, 129.9, 131.0, 133.8, 134.0, 168.3, 193.4. IR (KBr): m = 3129, 3081,
2951, 2867, 1689, 1652, 1649, 1642, 1487 cm�1. MS (m/z): 387 [M+1]+. Anal. Calcd
for C23H18N2O4 (386.4): C, 71.49; H, 4.70; N, 7.25. Found: C, 71.37; H, 4.41; N, 7.13.
6,8-Dimethyl-10-(4-nitrophenyl)-6,10-dihydro-5-oxa-6,8-diaza-benzo[b]fluorene-
7,9,11-trione (5b): red solid, mp 210–212 �C (dec). 1H NMR (300 MHz, CDCl3):
d = 2.99, 3.35 (2s, 6H, 2� NCH3), 4.87 (s, 1H, CH), 7.37 (d, J = 6.6 Hz, 2H, ArH), 7.64–
7.81 (m, 4H, ArH), 8.17 (d, J = 8.7 Hz, 2H, ArH). 13C NMR (75 MHz, CDCl3): d = 31.9,
32.7, 53.2, 121.9, 122.1, 123.2, 125.9, 129.9, 130.1, 130.6, 131.9, 134.5, 134.9,
167.9, 195.4. IR (KBr): m = 3154, 3069, 2945, 2896, 1712, 1689, 1649, 1635,
1477 cm�1. MS (m/z): 418 [M+1]+. Anal. Calcd for C22H15N3O6 (417.3): C, 63.31; H,
3.62; N, 10.07. Found: C, 63.45; H, 3.79; N, 10.31.
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