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INTRODUCTION

Chromenes and their structural analogues are of great
interest because they are frequently found in a number of natural
products like flavonoids, tocopherols, anthocyanins and alka-
loids as well as biologically active molecules like rhodomyrtone,
myrtucommulone-E and HA14-1 [1] (Fig. 1). Chromenes are
a promising class of heterocycles that have been explored as
antioxidant [2,3], anticancer [4-7], antimicrobial agent [8-11].
Apart from these, this class of compounds have also been exp-
lored as cognitive enhancers [12,13], Alzheimer drug [14] and
Schizophrenia drug [15]. Many plant sources having coum-
arin derivatives [16] have also been extensively investigated as
anticoagulation, antiviral [17], anti-inflammatory [18], anti-
bacterial [19] and anticancer agents [20].

Pyrimidine derivatives are well-known compounds for
their biological activities [21,22]. Numerous pyrimidine contain-
ing compounds have found application in medicine and thera-
peutics especially, some are used in the chemotherapy of cancer
[23]. Some drugs such as lamivudine, raltegravir, imatinib, erlotinib,
lapatinib are types of drugs with pyrimidine core [24] (Fig. 2).

Coumarin derivatives have been used as drugs, e.g., the
warfarin [25] is an anticoagulant. Acenocoumarin [26] and
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phenprocoumon [27] are vitamin K antagonists. The novobiocin
[28] is a potent inhibitor of bacterial DNA gyrase (Fig. 3).

Tannic acid is a lustrous yellowish to light brown amorphous
naturally occurring plant polyphenol having the composition
of C76H52O46; it is a polymer of gallic acid molecules and glucose
(Fig. 4). The ingestion of tannic acid causes constipation, which
allowed it to act as traditional medicine to treat diarrhoea.
Externally, tannic acid is used to treat ulcers, toothache and
wounds. Tannic acid is also used in leather tanning, cytopro-
tection, drug delivery, protein immobilization, mesoporous
silica preparation [29]. Only two articles are appearing in the
literature for utilization of tannic acid as a catalyst. Singh et al.
reported tannic acid as a catalyst for the synthesis of 1,5-benzo-
diazepines [30] and 1-amidoalkyl-2-naphthols [31]. Due to
its weakly acidic (pKa ~6) nature, hydrogen donor properties,
tannic acid can be used as mild catalyst.

It has been discerned that commonly used acids and transi-
tion metal catalysts are not environmentally safe because of
their eco-toxicity and resistance to biodegradation. Therefore,
development of a new and efficient protocol for synthesis of
fused pyrimidines using simple, low-cost, easily available and
eco-safe catalyst with operational simplicity has become thrust
area of research. Despite the extensive use of various catalytic

https://orcid.org/0000-0002-4254-5098


O O

OH O

Warfarin
(anticoagulant)

O

O

O

OH

HO

Armillarisin A
(antiulcerative colitis)

O O

OH

Phenprocoumon
(anticoagulant drug)

O
O

O

H2N O
OH

O

ONa

O

H
N

O

OH

Novobiocin
(antibiotic drug)
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systems for synthesis of fused chromeno[4,3-d]pyrimidine-
2,5-dione derivatives that have been described in the literature,
nobody has reported the application of tannic acid as a green
catalyst for synthesis of fused pyrimidine derivatives. Tannic
acid was chosen as a catalyst for one pot multicomponent reac-
tion of 4-hydroxycoumarin, benzaldehydes and urea, because
tannic acid has several acidic hydroxyl (-OH) group in its struc-
ture. This key feature makes it as an efficient acidic catalyst.
From green chemistry point of view, design of synthetic organic
transformations should involve high selectivity, benign condi-
tions, ease of manipulation and substances exhibiting zero
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Fig. 4. Structure of tannic acid

or low toxicity to the surrounding. EtOH-H2O (1:1) has bud-
ding as a potential solvent system for many organic synthetic
methods, because EtOH-H2O (1:1) is inexpensive, non-toxic
and less volatile [32]. Capello et al. [33] reported that EtOH-
H2O system are safer than pure alcohol for synthesis. For the
first time, an efficacy of tannic acid as a novel, eco-benign acidic
catalyst for ecofriendly synthesis of functionalized chromeno-
pyrimidine-2,5-dione/thione derivatives in 1:1 (EtOH:H2O)
solvent through one pot multicomponent reaction of 4-hydroxy-
coumarin, benzaldehydes and urea is reported.
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EXPERIMENTAL

Various substituted aromatic aldehydes, urea, thiourea,
4-hydroxycoumarin  and other chemicals were purchased from
TCI chemicals and used without further purification. Silica
gel (column grade) was purchased from S.D. fine chemicals.
The solvents were purified as per procedure mentioned in the
literature. Melting points were measured in open capillary tubes
on Guna melting point apparatus and are reported uncorrected.
Thin layer chromatography was carried out on precoated sheets
of silica gel containing 60 F254 indicator (Merck). Column chro-
matography was performed with silica gel (60-120 mesh; S.D.
fine chemicals). 1H-NMR spectra were recorded on 400 MHz
Brucker Advance instrument in DMSO-d6 solvent. 13C-NMR
spectra were recorded on 100 MHz Brucker Advance instrument
in DMSO-d6 solvent, chemical shifts (δ) are expressed in ppm
value relative to the internal standard trimethyl silane (TMS).
FT-IR analyses were recorded on Brucker alpha-P spectrophoto-
meter. Mass spectra were recorded on Jeol GC Mate II mass
spectrometer.

Synthesis of 4-phenyl-3,4-dihydro-1H-chromeno[4,3-
d]pyrimidine-2,5-dione: A mixture of 4-hydroxycoumarin (10
mmol), aromatic aldehyde (10 mmol), urea (10 mmol), tannic
acid(10 mol%) and 10 ml of 1:1 (EtOH:H2O) solvent was taken
in 100 mL round bottom flask and the mixture was stirred and
refluxed on water bath for appropriate time and the progress
of the reaction was monitored by TLC. After completion of
the reaction as indicated by TLC, the reaction mixture was
cooled to room temperature. The solid formed upon cooling
was filtered, dried and purified either by recrystallizing in hot
ethanol or by column chromatography on silica gel (60-120
mesh, 20% EtOAc/petroleum ether mixture) (Scheme-I).

Spectral data

4-Phenyl-3,4-dihydro-1H-chromeno[4,3-d]pyrimidine-
2,5-dione (4a): Off white powder, yield: 96%; m.p.: 163-165
ºC; IR (neat, νmax, cm-1): 3298 (N-H), 2970 (C-H, Ar), 1613
(C=O),1512 (C=C); 1H NMR (400 MHz, DMSO-d6): δ ppm
6.39 (s, 1H, -CH), 7.16-7.63 (m, 9H, Ar-H), 7.91 (s, 1H, NH),
7.93 (s, 1H, NH); 13C NMR (100 MHz, DMSO-d6): 36, 104, 116,
118, 124, 126, 127, 128, 132, 140,157. ESI-MS: m/z calcd.
for C17H12N2O3 292.29; found [M]+ 293.3; Elemental analysis
found: C, 69.86; H, 4.14; N, 9.58; O, 16.42.

4-(2-Chlorophenyl)-3,4-dihydro-1H-chromeno[4,3-
d]pyrimidine-2,5-dione (4b): Off white powder, yield: 82%;
m.p.: 194-196 °C; IR (neat, cm-1): 3298 (N-H), 2990 (C-H,
Ar), 1623 (C=O), 1523 (C=C); 1H NMR (400 MHz, DMSO-
d6): δH 6.26 (s, 1H, -CH), 7.11 (d, 1H, Ar-H), 7.13-7.32 (m,
7H, Ar-H), 7.54 (t, 2H, Ar-H), 7.83 (d, 1H, Ar-H), 9.64 (s, 1H,
-NH), 9.79 (s, 1H, -NH); 13C NMR (100 MHz, DMSO-d6):

37, 105, 117, 119, 125, 129, 130, 131, 138, 154, 162, 165,
166; ESI-MS: m/z Calculated for C17H11N2O3Cl: 326.05, Found
[M]+ 326.1; Elemental Analysis: C, 62.47; H, 4.21; N, 9.58;
O, 14.69.

4-(4-Chlorophenyl)-3,4-dihydro-1H-chromeno[4,3-
d]pyrimidine-2,5-dione (4c): Off white powder, yield: 86%;
m.p.: 193-195 °C; IR (neat, cm-1): 3289 (N-H), 2974 (C-H,
Ar), 1617 (C=O), 1515 (C=C); 1H NMR (400 MHz, DMSO-
d6): δH 6.25 (s, 1H, CH), 7.11 (d, 2H, Ar-H), 7.52-7.32 (m,
6H, Ar-H), 7.54 (s, 1H, NH), 7.85 (s, 1H, -NH); 13C NMR
(100 MHz, DMSO-d6): 37, 103, 114, 116, 121, 127, 131, 132,
133, 135, 139, 151, 163, 165; ESI-MS: m/z Calculated for
C17H11N2O3Cl: 326.05, Found [M]+ 326.1; Elemental Analysis:
C, 62.41; H, 3.43; N, 8.57; O, 14.59

4-(4-Bromophenyl)-3,4-dihydro-1H-chromeno[4,3-
d]pyrimidine-2,5-dione (4d): Off white powder, yield: 87%;
m.p.: 185-187 °C; IR (neat, cm-1): 3276 (N-H), 2997 (C-H,
Ar), 1625 (C=O), 1515 (C=C); 1H NMR (400 MHz, DMSO-
d6): δH 6.28 (s, 1H, -CH), 7.15 (d, 1H, Ar-H), 7.27-7.39 (m,
5H, Ar-H), 7.52-7.57 (m, 2H, Ar-H), 7.78 (s, 1H, -NH), 7.95
(s, 1H, -NH); 13C NMR (100 MHz, DMSO-d6): 37, 107, 116,
117, 123, 128, 129, 130, 131, 132, 137, 152, 164, 166; ESI-
MS: m/z Calculated for C17H11N2O3Br 370.0, Found [M]+
371.1; Elemental Analysis: C, 55.10; H, 2.92; N, 7.09; O,
12.72.

4-(2-Hydroxyphenyl)-3,4-dihydro-1H-chromeno[4,3-
d]pyrimidine-2,5-dione (4e): Off white powder, yield: 80%;
m.p.: 238-239 °C; IR (neat, cm-1): 3288 (N-H), 2957 (C-H,
Ar), 1623 (C=O), 1517 (C=C); 1H NMR (400 MHz, DMSO-
d6): δH 6.17 (s, 1H, -CH), 6.41-6.51 (m, 2H, Ar-H), 6.69 (d,
2H, Ar-H), 6.90 (t, 1H, Ar-H), 7.21-7.37 (m, 2H, Ar-H), 7.41
(t, 1H, Ar-H), 7.57 (1, 1H, -NH), 7.77 (s, 1H, -NH), 9.54 (s,
1H, OH); 13C NMR (100 MHz, DMSO-d6): 37, 101, 109, 112,
116, 118, 122, 128, 130, 139, 149, 156, 164, 65; ESI-MS: m/z
Calculated for C17H12N2O4 308.08, Found [M]+ 309; Elemental
Analysis: C, 66.23; H, 3.92; N, 9.09; O, 20.72.

4-(4-Hydroxyphenyl)-3,4-dihydro-1H-chromeno[4,3-d]-
pyrimidine-2,5-dione (4f): Off white powder, m.p.: 225-227
ºC; IR (neat, νmax, cm-1): 3308 (N-H), 2955 (C-H, Ar), 1613
(C=O), 1512 (C=C); 1H NMR (400 MHz, DMSO-d6): δ ppm
5.57 (s, 1H, CH), 7.22-7.63 (m, 8H, Ar-H), 7.73 (s, 1H, NH),
8.12 (s, 1H, -NH), 12.23 (s, 1H, -OH); 13C NMR (100 MHz,
DMSO-d6): 35, 114, 116, 122, 123, 124, 125.04, 125.85, 128,
132, 149, 152, 156; ESI-MS: m/z calculated for C17H12N2O4:
308.08; found [M]+ 309; Elemental analysis: C, 66.23; H, 3.92;
N, 9.09; O, 20.76.

4-(2-Nitrophenyl)-3,4-dihydro-1H-chromeno[4,3-
d]pyrimidine-2,5-dione (4g): Off white powder, yield: 79%;
m.p.: 160-162 °C; IR (neat, cm-1): 3276 (N-H), 2982 (C-H,
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Ar), 1622 (C=O), 1518 (C=C); 1H NMR (400 MHz, DMSO-
d6): δH 6.37 (s, 1H, -CH), 7.27-7.36 (m, 4H, Ar-H), 7.37 (d,
2H, Ar-H), 7.53 (t, 2H, Ar-H), 7.87 (s, 1H, -NH), 8.15 (s, 1H,
-NH); 13C NMR (100 MHz, DMSO-d6): 37, 103, 115, 118,
123, 123, 125, 127, 130, 131, 145, 150, 152, 163, 166; ESI-
MS: m/z Calculated for C17H11N3O5 337.0, Found [M]+ 337.2;
Elemental Analysis: C, 60.23; H, 3.92; N, 12.49; O, 20.73.

4-(3-Nitrophenyl)-3,4-dihydro-1H-chromeno[4,3-
d]pyrimidine-2,5-dione (4h): Off white powder, yield: 85%;
m.p.: 170-172 °C; IR (neat, cm-1): 3277 (N-H), 2987 (C-H,
Ar), 1624 (C=O), 1518 (C=C); 1H NMR (400 MHz, DMSO-
d6): δH 6.35 (s, 1H, -CH), 7.26-7.34 (m, 4H, Ar-H), 7.35 (d,
2H, Ar-H), 7.49 (t, 2H, Ar-H), 7.81 (s, 1H, -NH), 8.11 (s, 1H,
-NH); 13C NMR (100 MHz, DMSO-d6): 35, 103, 115, 118,
123, 123, 125, 127, 130, 131, 145, 150, 152, 164, 166; ESI-
MS: m/z Calculated for C17H11N3O5 337.0, Found [M]+ 337.2;
Elemental Analysis: C, 60.23; H, 3.92; N, 12.49; O, 20.73.

4-(p-Tolyl)-3,4-dihydro-1H-chromeno[4,3-d]pyrimidine-
2,5-dione (4i): Off white powder, yield: 85%; m.p.: 162-164
°C; IR (neat, cm-1): 3430 (-NH), 2987 (C-H, Ar), 1725 (C=O),
1612 (C=C); 1H NMR (400 MHz, DMSO-d6): δH 2.34 (s, 3H,
CH3) 6.24 (s, 1H, -CH), 6.53 (d, 1H, Ar-H), 6.66 (d, Ar-H),
7.36 (m, 4H, Ar-H), 7.89 (s, 1H, NH), 8.20 (s, 1H, -NH); 13C
NMR (100 MHz, DMSO-d6): 36, 55, 104, 114, 116, 119, 124,
128, 132, 134, 145, 152, 164, 164 ESI-MS: m/z Calculated
for C18H14N2O3 308.3, Found [M]+ 308.2; Elemental Analysis:
C, 70.23; H, 4.62; N, 9.19; O, 15.73.

4-(4-Methoxyphenyl)-3,4-dihydro-1H-chromeno[4,3-d]-
pyrimidine-2,5-dione (4j): Off white powder, m.p.: 185-186
ºC; IR (neat, νmax, cm-1): 3273 (N-H), 2948 (C-H, Ar), 1608
(C=O), 1514 (C=C); 1H NMR (400 MHz, DMSO-d6): δ ppm
3.87 (s, 1H,-OCH3), 6.23 (s, 1H, -CH), 7.16-7.63 (m, 8H, Ar-H),
7.93 (1, 1H, -NH), 8.91 (s, 1H, -NH); 13C NMR (100 MHz, DMSO-
d6): 35, 104, 111, 112, 113, 117, 123, 129, 131, 141, 152, 154,
157; ESI-MS: m/z calculated for C18H14N2O4 332.29, found
[M]+ 332.08; Elemental analysis: C, 67.07; H, 4.38; N, 8.69;
O, 19.86.

4-(Furan-2-yl)-3,4-dihydro-1H-chromeno[4,3-d]pyri-
midine-2,5-dione (4k): Mud colour powder, yield: 89%; m.p.:
174-176 °C; IR (neat, cm-1): 3297 (N-H), 2993 (C-H, Ar), 1619
(C=O), 1521 (C=C); 1H NMR (400 MHz, DMSO-d6): δH 6.24
(s, 1H, -CH), 7.12 (d, 1H, Ar-H), 7.11-7.37 (m, 4H, Ar-H),
7.521 (t, 2H, Ar-H), 9.64 (s, 1H, -NH), 9.71 (s, 1H, -NH); 13C
NMR (100 MHz, DMSO-d6): 105, 117, 119, 125, 129, 130,
131, 138, 154, 162, 165; ESI-MS: m/z Calculated for C15H10N2O4:
282.05, Found [M]+ 283.07; Elemental Analysis: C, 63.27;
H, 3.51; N, 9.58; O, 22.69.

4-(Thiophen-2-yl)-3,4-dihydro-1H-chromeno[4,3-d]-
pyrimidine-2,5-dione (4l): Off white powder, yield: 87%;
m.p.: 154-156 °C; IR (neat, cm-1): 3291 (N-H), 2999 (C-H,
Ar), 1618 (C=O), 1524 (C=C); 1H NMR (400 MHz, DMSO-
d6): δH 6.29 (s, 1H, -CH), 7.11 (d, 1H, Ar-H), 7.23-7.42 (m,
4H, Ar-H), 7.54 (t, 2H, Ar-H), 9.64 (s, 1H, -NH), 9.79 (s, 1H,
-NH); 13C NMR (100 MHz, DMSO-d6): 105, 117, 119, 125,
129, 130, 131, 138, 154, 162, 165; ESI-MS: m/z Calculated
for C15H10N2O3S: 298.04, Found [M]+ 299.07; Elemental
Analysis: C, 60.27; H, 3.31; N, 9.38; O, 16.09.

4-Phenyl-2-thioxo-3,4-dihydro-1H-chromeno[4,3-d]-
pyrimidin-5-one (4m): White powder, mp 185-187 ºC; 1H
NMR (400 MHz, DMSO-d6): δ ppm 6.24 (s, 1H, -CH), 7.14-
7.29 (m, 9H, Ar-H), 7.79 (s, 1H, -NH), 8.11 (s, 1H, -NH); 13C
NMR (100 MHz, DMSO-d6): 36, 103, 115, 119, 123, 123, 127,
131, 132, 145, 150, 152, 164, 166; ESI-MS: m/z calculated
for C17H12N2O2S: 308.35, found [M]+ 308.4; Elemental
analysis: C, 66.22, H, 3.92, N, 9.08.

RESULTS AND DISCUSSION

Initially, synthesis of chromeno-pyrimidine-2,5-dione
derivatives via one pot three-component approach is evaluated.
The reaction was performed by the consecutive addition of
reagents: 4-hydroxy coumarin (10 mmol), aromatic aldehyde
(10 mmol), (thio)urea (10 mmol) in round bottom flask with
10 mL of 1:1 (EtOH:H2O) solvent at reflux temperature. The
mixture was stirred to complete the reaction as monitored using
TLC. Finally, the precipitated solid was filtered off under reduced
pressure, washed with EtOH and recrystallized from EtOH to
give the target product 4a in high yield.

Characterization: All the synthesized compounds were
characterized by IR, 1H NMR, 13C NMR and mass spectral
analysis. IR spectra of the compounds show characteristic
absorption band at 3331-3279 cm-1 for N-H str., 3100-3000
cm-1 for aromatic C-H, 1619-1606 cm-1 for C=O group and
around 1512-1478 cm-1 for C=C group. The 1H NMR spectrum
of all 4-phenyl-3,4-dihydro-1H-chromeno[4,3-d]pyrimidine-
2,5-dione derivatives shows characteristic multiplet peaks at
7.65- 7.07 ppm (aromatic protons), two sharp singlet at 7.93-
8.91 ppm (proton of 2º amine group) a sharp singlet 5.57-6.41
ppm (3º methine proton). The other signals and peaks of the
1H NMR, 13C NMR and IR are in agreement with the assigned
structures. The mass spectra of the compounds displayed a
molecular ion peak at m/z values, which corresponds well with
the theoretical value.

Substrate scope: By having standardized procedure in
hand, it is decided to pay our attention to check the versatility
of this cyclocondensation, different aromatic aldehyde tethered
with halogen group (-Cl, -Br, -I) and electron donating groups
(-CH3,-OCH3) were employed and found that corresponding
product (4a-l) obtained in good yields. The complicated amine
such as 4-butylaniline also underwent this cyclocondensation
reaction smoothly to provide the corresponding spiro[cyclo-
hexane-1,2′-quinazolin]-4′(3′H)-one in good yield. The results
are summarized in Table-1.

Choice of catalyst: From literature survey, it is realized
that acids were used as a catalyst for synthesis of simple chromeno-
pyrimidine-2,5-dione derivatives from 4-hydroxy coumarin,
aromatic aldehyde, (thio)urea. Hence, it was decided to check
the suitability of different acid as a catalyst for the synthesis
of chromeno-pyrimidine-2,5-dione derivatives. Therefore, at
first we started to study the formic acid (10 mol%) catalyzed
one pot cyclocondensation of 4-hydroxy coumarin, aromatic
aldehyde, (thio)urea of 10 mmol each as model reaction at
reflux temperature using ethanol as solvent, it was found that
the desired product 4-phenyl-3,4-dihydro-1H-chromeno[4,3-
d]pyrimidine-2,5-dione (4a) was obtained with 23% of product
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TABLE-1 
SUBSTRATE SCOPE 

Entry Aldehyde (3) Product (4) Time (min) Yield (%) 
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yield after 360 min. In order to achieving higher product yield,
we performed the same reaction in oxalic acid by keeping in
the mind that oxalic acid is stronger than formic acid, and
then employed chloroacetic acid as catalyst and obtained unsatis-
factory yield of 35% and 49%, respectively. Then we employed
tannic acid as a catalyst, a satisfactory yield of 74% yield in 1 h
was obtained. This observation made us to examine the reaction
further by optimizing reaction conditions such as choice of
solvent, temperature and catalyst load. It is also ascertained
that the product yield was very low, when the same reaction was
performed in the absence of catalyst for about 12 h (Table-2).

TABLE-2 
SCREENING OF CATALYST* 

Entry Catalysts Time (h) Yield (%) 
1 Formic acid 8 23 
2 Oxalic acid 8 35 
3 Chloroacetic acid 8 49 
4 Tannic acid 2 74 
5 No catalyst 12 Trace 

*Reaction conditions: 4-hydroxy coumarin (10 mmol), benzaldehyde 
(10 mmol) and urea (10 mmol) using ethanol solvent. 

 
Effect of solvent: In order to enhance the reaction viability

and to check the effect of solvent, the cyclocondensation of 4-
hydroxy coumarin (10 mmol), aromatic aldehyde (10 mmol),
urea (10 mmol) using tannic acid as a catalyst in different
solvent such as ethanol, methanol, acetone, dichloromethane,
etc. was performed and realized that aqueous ethanol (EtOH:
H2O, 1:1, v/v) performed well and gave highest yield of 96%
within 30 min. The results are summarized in Table-3.

Effect of mol% of catalyst: The investigation on effect
of mol% of catalyst on cyclocondensation reaction was studied
by employing 5, 10, 15 mol% of tannic acid, obtained results
revealed that 10 mol% of the catalyst was more than enough
to produce the highest yield of 95%. The increase in the catalyst
load up to 15% of tannic acid by keeping other reaction
parameter same did not alter the product yield significantly
(Table-4).

Plausible mechanism: The carbonyl group (C=O) of aro-
matic aldehyde is polarized extensively by interaction with the

TABLE-3 
OPTIMIZATION OF SOLVENTS* 

Entry Solvents Time (h) Yield (%) 
1 Ethanol 1 74 
2 Methanol 2 55 
3 Acetone 2.5 65 
4 Dichloromethane 3 35 
5 EtOH:H2O (1:2) 1 81 
6 EtOH:H2O (1:1) 1 96 
7 EtOH:H2O (2:1) 1 76 

*Reaction conditions: 4-hydroxy coumarin (10 mmol), benzaldehyde 
(10 mmol) and urea (10 mmol) using tannic acid (10 mol%). 

 
TABLE-4 

OPTIMIZATION OF CATALYST LOAD* 

Entry Catalyst load (mol%) Yield (%) 
1 5 75 
2 10 95 
3 15 96 

*Reaction conditions: 4-hydroxy coumarin (10 mmol), benzaldehyde 
(10 mmol) and urea (10 mmol) using 10 mL of 1:1 (EtOH:H2O) 

 
catalyst (tannic acid). Polarized aromatic aldehyde reacts with
urea by undergoing dehydrtion to form benzylideneurea (4),
which is on interaction with 4-hydroxycoumarin forms an
intermediate (6), this intermediate undergoes cyclization follo-
wed by dehydration to form the desired product (8) (Scheme-II).

The presence of many hydroxyl group (-OH) in tannic
acid makes it unique that the higher efficiency of tannic acid
to accelerate this condensation attributes to its ability to act as
dominant hydrogen-bond donor through hydroxyl group. More-
over, it was reported that central core of tannic acid has hydro-
phobic functional group and outer shell has hydrophilic hydroxyl
group [34]. The enhanced reaction rate is due to the fact that
non-polar organic reactants viz. hydroxycoumarin, benzal-
dehyde and urea are trapped easily inside the hydrophobic
core of the catalyst, which ensures the close proximity and
increased local concentrations of reactants inside the core, leads
to better interaction between reactants and thereby the reaction
rates improves significantly; hydrophilic outer shell containing
hydroxyl groups helps in making hydrogen bonding. This
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feature of the catalyst plays a key role in the synthesis of fused
chromeno-pyrimidine-2,5-dione.

Conclusion

In this work, diversely functionalized chromeno-pyrimidine-
2,5-dione/thione compounds were synthesized by cyclocon-
densation of 4-hydroxycoumarin, aldehydes and urea/thiourea
using tannic acid as a green catalyst and 1:1 (EtOH:H2O) as a
green solvent. By utilizing this protocol, different fused chromeno-
pyrimidine scaffolds were prepared in acceptable to excellent
yield without the use of conventional volatile organic solvent
and toxic metal catalyst.
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