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bstract

An efficient, convenient method for the synthesis of 3,4-dihydropyrano[3,2-c]chromene derivatives by one-pot, three-component
eaction of aldehydes, malononitrile/cyanoacetate, and 4-hydroxycoumarin in the presence of a catalytic amount of thiourea dioxide,
n efficient, reusable organic catalyst, is described. A variety of 3,4-dihydropyrano[3,2-c]chromene derivatives were obtained,
nd 6-amino-5-cyano-4-phenyl-2-methyl-4H-pyran-3-carboxylic acid ethyl esters were obtained by condensation of aldehydes,
alononitrile and ethyl acetoacetate in the presence of thiourea dioxide in aqueous medium. The salient features of the protocol
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re mild reaction conditions, high yields, short reaction time, safety, high atom-economy, eco-friendly standards, easy isolation of
roducts, no column chromatographic separation and reusability of the catalyst.

 2014 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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.  Introduction

Multicomponent reactions have emerged as an effi-
ient, powerful tool in modern organic chemistry for
he generation of highly diverse, complex products from
eadily available substrates in a single operation, without
solation of intermediates, in minimal time, with max-
mum selectivity, high atom-economy, high purity and
∗ Corresponding author. Tel.: +91 9944093020.
E-mail address: smansoors2000@yahoo.co.in (S.S. Mansoor).

eer review under responsibility of Taibah University.

ttp://dx.doi.org/10.1016/j.jtusci.2014.09.008
658-3655 © 2014 The Authors. Production and hosting by Elsevier B.V. on 

C BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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excellent yields. Multicomponent reactions are widely
used in medicinal chemistry and modern organic syn-
thesis because they are one-pot processes for assembling
three or more components [1,2].

Dihydropyrano[c]chromenes and their derivatives are
of considerable interest as they have a wide range
of biological properties, including diuretic, analgesic,
myorelaxant [3], anticoagulant [4], anticancer [5], anti-
tumour [6], cytotoxic [7] and anti-HIV [8,9] activities.
They are also used as antimicrobial and anti-tuberculosis
agents [10].

A number of methods have been reported for the
behalf of Taibah University. This is an open access article under the

synthesis of 3,4-dihydropyrano[c]chromenes with the
catalysts silica-bonded N-propylpiperazine sodium
n-propionate [11], hexamethylenetetramine [12],
tetrabutylammonium bromide [13], 1,8-diazabicyclo
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[5.4.0]undec-7-ene [14], 4-(dimethylamino) pyri-
dine [15], diammonium hydrogen phosphate [16],
CuO nanoparticles [17], sodium dodecylsulfate [18],
triethylenetetraammonium trifluoroacetate [19], �-
Fe2O3 nanoparticles [20], silica-grafted ionic liquid
[21], electrolysis in an undivided cell in the presence
of sodium bromide as an electrolyte [22], piperi-
dine/triethylamine in aqueous media [23], potassium
phthalimide in aqueous media [24], piperidine-
functionalized poly(ethylene glycol) bridged dicationic
ionic liquid [25], polymer supported sulfanilic acid
[26], basic ionic liquid [27], ammonium acetate
[28], cellulose-SO3H [29] and H6P2W18O62·18H2O
[30]. Many of these procedures have merit; however,
most require refluxing for hours in organic solvents,
complex steps, use of expensive catalysts and tedious
work-up. We decided to investigate thiourea dioxide
for use as an organic catalyst for the synthesis of
dihydropyrano[3,2-c]chromene derivatives in water.

Thiourea dioxide is a well-known reducing agent
[31]. It has received considerable attention as a
catalyst for the construction of carbon–carbon and
carbon–hetero-atom bonds [32–35] due to its eco-
friendly nature, easy handling, high reactivity and easy
work-up. It is a novel organic catalyst in the one-
pot synthesis of a library of heterocyclic compounds
[32], hydrolysis of imines [33], naphthopyran deriva-
tives [34] and catalytic oxidation of alcohols [35]. We
have reported that thiourea dioxide is an efficient catalyst
in the reaction of aromatic aldehydes with malononi-
trile/cyanoacetate and 4-hydroxy-6-methylpyran-2-one
in water at 80 ◦C. This reaction led only to the cor-
responding pyrano[4,3-c]pyran derivatives in excellent
yields [36].

Thiourea dioxide is easily prepared [37] by oxida-
tion of thiourea with hydrogen peroxide. This catalyst
is also called formamidine-sulfinic acid or amino imino
methanesulfinic acid. It is a stable powdered compound,
which dissolves in water and decomposes gradually to
exhibit reducing action. It can activate organic substrates
by hydrogen bonding. Owing to the presence of two
extra oxygen atoms, it forms strong hydrogen bonds
and can provide higher activation than the correspond-
ing thiourea. In addition, thiourea dioxide is insoluble
in common organic solvents and can therefore easily be
recovered at the end of a reaction for reuse.

During our studies to improve the eco-compatibility
of certain organic processes [38–41], we have

been particularly interested in synthesizing poten-
tially active dihydropyrano[c]chromene derivatives
in water to ensure environmentally benign reac-
tions. Here, we report efficient preparation of
Scheme 1. Synthesis of various 3,4-dihydropyrano[c]chromenes and
6-amino-5-cyano-4-aryl-2-methyl-4H-pyran-3-carboxylic acid ethyl
esters.

dihydropyrano[c]chromene derivatives in a one-pot reac-
tion of aromatic aldehyde, malononitrile or cyanoacetate
and 4-hydroxycoumarin, catalysed by thiourea dioxide
in water (Scheme 1).

4H-Pyrans have potent biological properties, such
as antitumour, antibacterial, antiviral, anti-tubercular
and spasmolytic activities [42–45]. In view of this
broad spectrum, chemists have developed numerous
protocols for their syntheses with various catalysts,
such as SnCl2/nano SiO2 [46], MgO [47], hexadecyl
dimethylbenzyl ammonium bromide [48], potassium
phthalimide [49], silica nanoparticles [50] and silica-
bonded N-propylpiperazine sodium n-propionate [51].
These methods however, have drawbacks, and give
moderate yields even after prolonged reaction. This
clearly indicates that there is still scope to develop an
efficient, eco-sustainable method for the synthesis of 4H-
pyrans. To extend the application of thiourea dioxide,
we also synthesized a series of 6-amino-5-cyano-4-aryl-
2-methyl-4H-pyran-3-carboxylic acid ethyl esters by
the three-component condensation of ethyl acetoacetate,
aldehydes with malononitrile using thiourea dioxide as
the catalyst in aqueous medium at 70 ◦C (Scheme 1).

2.  Experimental

2.1.  Apparatus  and  analysis

Chemicals were purchased from Merck, Fluka and
Aldrich chemical companies. All yields refer to isolated
products unless otherwise stated. 1H nuclear magnetic
resonance (NMR) (500 MHz) and 13C NMR (125 MHz)
spectra were obtained on a Bruker DRX-500 Avance at
ambient temperature, with tetramethylsilane as internal

standard and dimethylsulfoxide (DMSO)-d6 as solvent.
Fourier transform infrared (IR) spectra were obtained
as KBr discs on a Shimadzu spectrometer. Mass spectra
(MS) were determined on a Varion-Saturn 2000 GC/MS
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nstrument. Elemental analyses were performed in a
erkin Elmer 2400 CHN elemental analyser flowchart.

.2.  General  procedure  for  the  synthesis  of
ihydropyrano[c]chromene  derivatives  (4a–t)

A dry 50-mL flask was charged with aromatic
ldehyde 1  (1 mmol), malononitrile or cyanoacetate

 (1 mmol), 4-hydroxycoumarin 3  (1 mmol), thiourea
ioxide (10 mol%) and water (5 mL), and the result-
ng mixture was stirred at 70 ◦C for 8–30 min. After
ompletion of the reaction, as indicated by thin-layer
hromatography (TLC), ethanol (10 mL) was added, and
he reaction mixture was filtered. The remaining solution
as washed with warm ethanol (3×  5 mL) to separate

he organic catalyst. After cooling, the crude products
ere precipitated. The remaining aqueous thiourea diox-

de was collected and reused with no further processing
or subsequent runs. The reaction products were identi-
ed by comparing their physical and spectral data (i.e.
R, 1H and 13C NMR and MS) with those reported in the
iterature for the same compounds. The crude products
ere purified by recrystallization from ethanol (95%) to
ive 4a–t.

.3.  Spectral  data  for  the  synthesized  compounds
4a–t)

.3.1.  2-Amino-4-phenyl-5-oxo-4H,5H-pyrano-
3,2-c]chromene-3-carbonitrile  (4a)

IR (KBr, cm−1): 3450 and 3370 (NH2), 3266 (Ar-
), 2211 (CN), 1715 (C O), 1666, 1609, 1466, 1366,
210, 1122, 1050, 1001, 778; 1H NMR (500 MHz,
MSO-d6) δ: 4.52 (s, 1H, CH), 7.15 (br s, 2H, NH2),
.21–7.41 (m, 5H, Ar-H), 7.53 (d, J  = 7.6 Hz, 1H, Ar-H),
.69 (t, J  = 7.6 Hz, 1H, Ar-H), 7.79 (t, J  = 7.6 Hz, 1H,
r-H), 7.94 (d, J  = 8.0 Hz, 1H, Ar-H) ppm; 13C NMR

125 MHz, DMSO-d6) δ: 56.4, 103.7, 113.0, 117.4,
20.3, 123.1, 124.2, 124.9, 125.8, 129.4, 130.0, 134.0,
46.5, 150.8, 152.9, 155.1, 157.2, 161.1 ppm; MS (ESI):
/z 317 (M+H)+. Anal. calculated for C19H12N2O3(%):
, 72.16; H, 3.82; N, 8.86. Found: C, 72.11; H, 3.77; N,
.84.

.3.2. 2-Amino-4-(4-chlorophenyl)-5-oxo-4H,5H-
yrano-[3,2-c]chromene-3-carbonitrile  (4b)

IR (KBr, cm−1): 3442 and 3374 (NH2), 3281 (Ar-H),
210 (CN), 1710 (C O), 1674, 1608, 1453, 1373, 1233,

1
128, 1066, 1001, 772; H NMR (500 MHz, DMSO-d6)
: 4.57 (s, 1H, CH), 7.11 (br s, 2H, NH2), 7.22 (d, 2H,

 = 8.2 Hz, Ar-H), 7.41 (d, 2H, J  = 8.2 Hz, Ar-H), 7.50
d, J = 7.6 Hz, 1H, Ar-H), 7.72 (t, J = 7.6 Hz, 1H, Ar-H),
ersity for Science 9 (2015) 213–226 215

7.76 (t, J  = 7.6 Hz, 1H, Ar-H), 7.89 (d, J  = 8.0 Hz, 1H,
Ar-H) ppm; 13C NMR (125 MHz, DMSO-d6) δ: 56.7,
103.9, 113.3, 118.3, 119.8, 123.0, 123.7, 124.6, 125.7,
129.7, 130.2, 134.1, 146.7, 151.0, 152.9, 155.1, 157.7,
160.8 ppm; MS (ESI): m/z  351.5 (M+H)+. Anal. calcu-
lated for C19H11ClN2O3 (%): C, 65.06; H, 3.16; N, 7.99.
Found: C, 64.92; H, 3.08; N, 7.92.

2.3.3. 2-Amino-4-(4-methoxyphenyl)-5-oxo-4H,5H-
pyrano-[3,2-c]chromene-3-carbonitrile  (4c)

IR (KBr, cm−1): 3443 and 3373 (NH2), 3276 (Ar-
H), 2217 (CN), 1714 (C O), 1670, 1606, 1485, 1372,
1328, 1244, 1118, 1064, 874, 674; 1H NMR (500 MHz,
DMSO-d6) δ: 3.63 (s, 3H, OCH3), 4.71 (s, 1H, CH),
7.20 (br s, 2H, NH2), 7.33 (d, 2H, J = 8.2 Hz, Ar-H),
7.44 (d, 2H, J = 8.2 Hz, Ar-H), 7.57 (d, J = 7.6 Hz, 1H,
Ar-H), 7.69 (t, J  = 7.6 Hz, 1H, Ar-H), 7.79 (t, J  = 7.6 Hz,
1H, Ar-H), 7.92 (d, J  = 8.0 Hz, 1H, Ar-H) ppm; 13C NMR
(125 MHz, DMSO-d6) δ: 54.4, 56.8, 104.2, 113.7, 117.3,
120.5, 122.9, 124.5, 124.9, 125.5, 129.7, 130.5, 134.2,
147.0, 151.0, 153.1, 154.7, 157.5, 160.8 ppm; MS (ESI):
m/z 347 (M+H)+. Anal. calculated for C20H14N2O4 (%):
C, 69.36; H, 4.07; N, 8.09. Found: C, 69.30; H, 4.02; N,
8.01.

2.3.4. 2-Amino-4-(2-fluorophenyl)-5-oxo-4H,5H-
pyrano-[3,2-c]chromene-3-carbonitrile  (4d)

IR (KBr, cm−1): 3451 and 3374 (NH2), 3270 (Ar-
H), 2212 (CN), 1712 (C O), 1667, 1603, 1463, 1377,
1119, 1060, 952, 876, 622; 1H NMR (500 MHz, DMSO-
d6) δ: 4.74 (s, 1H, CH), 7.11–7.15 (m, 2H, Ar-H),
7.21–7.26 (m, 2H, Ar-H), 7.29 (br s, 2H, NH2), 7.44
(d, J = 8.0 Hz, 1H, Ar-H), 7.56 (t, J  = 7.5 Hz, 1H, Ar-H),
7.70 (t, J  = 7.5 Hz, 1H, Ar-H), 7.88 (d, J = 7.5 Hz, 1H,
Ar-H) ppm; 13C NMR (125 MHz, DMSO-d6) δ: 56.9,
104.0, 114.2, 117.5, 120.4, 123.4, 124.3, 125.2, 125.8,
129.6, 130.4, 134.5, 147.2, 151.4, 153.3, 154.8, 157.4,
161.3 ppm; MS (ESI): m/z  335 (M+H)+. Anal. calcu-
lated for C19H11FN2O3 (%): C, 68.26; H, 3.32; N, 8.38.
Found: C, 68.20; H, 3.27; N, 8.33.

2.3.5. 2-Amino-4-(2-chlorophenyl)-5-oxo-4H,5H-
pyrano-[3,2-c]chromene-3-carbonitrile  (4e)

IR (KBr, cm−1): 3437 and 3381 (NH2), 3273 (Ar-H),
2211 (CN), 1710 (C O), 1664, 1602, 1457, 1379, 1222,
1122, 1066, 1001, 780; 1H NMR (500 MHz, DMSO-d6)
δ: 4.71 (s, 1H, CH), 7.00 (t, J = 7.2 Hz, 1H, Ar-H), 7.07
(d, J  = 8.0 Hz, 1H, Ar-H), 7.16 (d, J  = 7.4 Hz, 1H, Ar-H),

7.25 (t, J = 8.0 Hz, 1H, Ar-H), 7.28 (br s, 2H, NH2), 7.49
(d, J = 8.0 Hz, 1H, Ar-H), 7.53 (t, J  = 7.5 Hz, 1H, Ar-H),
7.71 (t, J  = 8.0 Hz, 1H, Ar-H), 7.87 (d, J = 7.5 Hz, 1H,
Ar-H) ppm; 13C NMR (125 MHz, DMSO-d6) δ: 56.5,
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104.1, 114.0, 117.6, 119.6, 123.5, 124.2, 125.3, 125.8,
129.8, 129.8, 133.7, 147.1, 151.3, 153.1, 154.7, 157.6,
161.2 ppm; MS (ESI): m/z  351.5 (M+H)+. Anal. calcu-
lated for C19H11ClN2O3 (%): C, 65.06; H, 3.16; N, 7.99.
Found: C, 64.94; H, 3.10; N, 7.94.

2.3.6. 2-Amino-4-(2-bromophenyl)-5-oxo-4H,5H-
pyrano-[3,2-c]chromene-3-carbonitrile  (4f)

IR (KBr, cm−1): 3444 and 3380 (NH2), 3272 (Ar-H),
2214 (CN), 1714 (C O), 1669, 1622, 1608, 1458, 1376,
1113, 1067, 870, 633; 1H NMR (500 MHz, DMSO-
d6) δ: 4.85 (s, 1H, CH), 7.19 (t, J = 8.0 Hz, 1H, Ar-H),
7.28–7.33 (m, 2H, Ar-H), 7.38 (br s, 2H, NH2), 7.47 (d,
J = 7.5 Hz, 1H, Ar-H), 7.56 (t, J = 7.5 Hz, 1H, Ar-H), 7.62
(d, J = 7.8 Hz, 1H, Ar-H), 7.72 (t, J  = 7.6 Hz, 1H, Ar-H),
7.90 (d, J  = 7.8 Hz, 1H, Ar-H) ppm; 13C NMR (125 MHz,
DMSO-d6) δ: 57.0, 103.6, 114.1, 118.1, 119.4, 123.7,
124.1, 124.6, 125.0, 129.1, 129.7, 133.8, 147.4, 151.0,
153.2, 154.8, 158.0, 161.4 ppm; MS (ESI): m/z  396
(M+H)+. Anal. calculated for C19H11BrN2O3 (%): C,
57.74; H, 2.81; N, 7.09. Found: C, 57.62; H, 2.77; N,
7.04.

2.3.7. 2-Amino-4-(3-chlorophenyl)-5-oxo-4H,5H-
pyrano-[3,2-c]chromene-3-carbonitrile  (4g)

IR (KBr, cm−1): 3452 and 3383 (NH2), 3281 (Ar-H),
2211 (CN), 1716 (C O), 1677, 1617, 1457, 1377, 1224,
1125, 1064, 1001, 770; 1H NMR (500 MHz, DMSO-d6)
δ: 4.57 (s, 1H, CH), 7.01–7.07 (m, 3H, Ar-H), 7.22 (t,
J = 8.0 Hz, 1H, Ar-H), 7.31 (br s, 2H, NH2), 7.46 (d,
J = 8.0 Hz, 1H, Ar-H), 7.56 (t, J = 7.5 Hz, 1H, Ar-H),
7.76 (t, J  = 8.0 Hz, 1H, Ar-H), 7.88(d, J  = 8.0 Hz, 1H,
Ar-H) ppm; 13C NMR (125 MHz, DMSO-d6) δ: 57.4,
103.5, 113.7, 118.2, 119.9, 123.3, 124.3, 124.8, 125.3,
129.3, 129.9, 133.5, 147.0, 150.8, 153.1, 154.6, 158.0,
161.2 ppm; MS (ESI): m/z  351.6 (M+H)+. Anal. calcu-
lated for C19H11ClN2O3 (%): C, 65.06; H, 3.16; N, 7.99.
Found: C, 64.97; H, 3.12; N, 7.96.

2.3.8. 2-Amino-4-(3-nitrophenyl)-5-oxo-4H,5H-
pyrano-[3,2-c]chromene-3-carbonitrile  (4h)

IR (KBr, cm−1): 3437 and 3377 (NH2), 3277 (Ar-H),
2213 (CN), 1715 (C O), 1673, 1612, 1458, 1375, 1218,
1119, 1058, 1001, 783; 1H NMR (500 MHz, DMSO-
d6) δ: 4.62 (s, 1H, CH), 7.04–7.10 (m, 3H, Ar-H), 7.24
(t, J = 8.0 Hz, 1H, Ar-H), 7.33 (br s, 2H, NH2), 7.48
(d, J  = 8.0 Hz, 1H, Ar-H), 7.54 (t, J  = 7.5 Hz, 1H, Ar-
H), 7.70 (t, J  = 8.0 Hz, 1H, Ar-H), 7.93(d, J = 8.0 Hz,

13
1H, Ar-H) ppm; C NMR (125 MHz, DMSO-d6) δ:
57.1, 104.0, 113.8, 117.6, 119.6, 122.8, 124.5, 124.8,
125.2, 129.2, 129.9, 134.3, 147.2, 150.8, 152.6, 155.0,
158.3, 160.7 ppm; MS (ESI): m/z  362 (M+H)+. Anal.
ersity for Science 9 (2015) 213–226

calculated for C19H11N3O5 (%): C, 63.15; H, 3.07; N,
11.63. Found: C, 63.06; H, 3.01; N, 11.57.

2.3.9.  2-Amino-4-(3-hydroxyphenyl)-5-oxo-4H,5H-
pyrano-[3,2-c]chromene-3-carbonitrile  (4i)

IR (KBr, cm−1): 3435 and 3375 (NH2), 3275 (Ar-
H), 2215 (CN), 1709 (C O), 1671, 1609, 1455, 1370,
1255, 1170, 1117, 1053, 990, 773; 1H NMR (500 MHz,
DMSO-d6) δ: 4.66 (s, 1H, CH), 7.07–7.13 (m, 3H, Ar-H),
7.18 (t, J  = 8.0 Hz, 1H, Ar-H), 7.30 (br s, 2H, NH2), 7.43
(d, J  = 8.0 Hz, 1H, Ar-H), 7.57 (t, J  = 7.5 Hz, 1H, Ar-H),
7.77 (t, J  = 8.0 Hz, 1H, Ar-H), 7.90 (d, J = 8.0 Hz, 1H, Ar-
H), 9.74 (s, 1H, OH) ppm; 13C NMR (125 MHz, DMSO-
d6) δ: 57.3, 103.8, 113.6, 117.8, 119.7, 123.1, 123.9,
124.6, 125.4, 129.4, 129.8, 134.2, 146.8, 151.1, 152.4,
155.1, 158.2, 160.6 ppm; MS (ESI): m/z  333 (M+H)+.
Anal. calculated for C19H12N2O4 (%): C, 68.67; H, 3.64;
N, 8.43. Found: C, 68.60; H, 3.61; N, 8.38.

2.3.10.  2-Amino-4-(4-methylphenyl)-5-oxo-4H,5H-
pyrano-[3,2-c]chromene-3-carbonitrile  (4j)

IR (KBr, cm−1): 3445 and 3381 (NH2), 3281 (Ar-H),
2213 (CN), 1707 (C O), 1670, 1604, 1458, 1364, 1219,
1112, 1054, 1001, 769; 1H NMR (500 MHz, DMSO-
d6) δ: 2.17 (s, 3H, CH3), 4.67 (s, 1H, CH), 7.19 (br s,
2H, NH2), 7.28 (d, 2H, J  = 8.2 Hz, Ar-H), 7.37 (d, 2H,
J = 8.2 Hz, Ar-H), 7.55 (t, J = 7.6 Hz, 1H, Ar-H), 7.70
(t, J = 7.6 Hz, 1H, Ar-H), 7.80 (t, J  = 7.6 Hz, 2H, Ar-H),
7.90 (d, J  = 8.0 Hz, 1H, Ar-H) ppm; 13C NMR (125 MHz,
DMSO-d6) δ: 20.3, 57.3, 103.8, 113.4, 117.6, 120.4,
123.3, 124.3, 124.8, 125.7, 129.5, 130.4, 133.8, 146.7,
150.7, 153.0, 155.0, 157.2, 160.7 ppm; MS (ESI): m/z
331 (M+H)+. Anal. calculated for C20H14N2O3(%): C,
72.72; H, 4.27; N, 8.48. Found: C, 72.63; H, 4.20; N,
8.44.

2.3.11. 2-Amino-4-(4-bromophenyl)-5-oxo-4H,5H-
pyrano-[3,2-c]chromene-3-carbonitrile  (4k)

IR (KBr, cm−1): 3448 and 3373 (NH2), 3280 (Ar-H),
2222 (CN), 1712 (C O), 1675, 1623, 1608, 1450, 1377,
1113, 1065, 874, 636; 1H NMR (500 MHz, DMSO-d6)
δ: 4.64 (s, 1H, CH), 7.16 (br s, 2H, NH2), 7.26 (d, 2H,
J = 8.2 Hz, Ar-H), 7.45 (d, 2H, J  = 8.2 Hz, Ar-H), 7.59
(d, J  = 7.6 Hz, 1H, Ar-H), 7.67 (t, J  = 7.6 Hz, 1H, Ar-H),
7.82 (t, J  = 7.6 Hz, 1H, Ar-H), 7.93 (d, J  = 8.0 Hz, 1H,
Ar-H) ppm; 13C NMR (125 MHz, DMSO-d6) δ: 56.8,
103.6, 114.2, 118.1, 120.2, 122.8, 123.7, 124.6, 125.7,

129.3, 130.4, 133.7, 146.8, 151.2, 152.4, 155.1, 157.7,
161.0 ppm; MS (ESI): m/z  396 (M+H)+. Anal. calcu-
lated for C19H11BrN2O3 (%): C, 57.74; H, 2.81; N, 7.09.
Found: C, 57.68; H, 2.76; N, 7.03.



h Univ

2
p

2
1
δ

J
(
7
A
1
1
1
l
F

2
p

2
1
d
7
(
7
A
1
1
1
l
F

2
4

2
1
δ

J
J
7
A
1
1
1
l
7

2
p

2

S.S. Mansoor et al. / Journal of Taiba

.3.12.  2-Amino-4-(4-nitrophenyl)-5-oxo-4H,5H-
yrano-[3,2-c]chromene-3-carbonitrile  (4l)

IR (KBr, cm−1): 3449 and 3380 (NH2), 3282 (Ar-H),
223 (CN), 1717 (C O), 1670, 1624, 1454, 1380, 1115,
067, 1010, 752, 624; 1H NMR (500 MHz, DMSO-d6)
: 4.59 (s, 1H, CH), 7.17 (br s, 2H, NH2), 7.29 (d, 2H,

 = 8.2 Hz, Ar-H), 7.39 (d, 2H, J  = 8.2 Hz, Ar-H), 7.54
d, J = 7.6 Hz, 1H, Ar-H), 7.74 (t, J = 7.6 Hz, 1H, Ar-H),
.77 (t, J  = 7.6 Hz, 1H, Ar-H), 7.88 (d, J = 8.0 Hz, 1H,
r-H) ppm; 13C NMR (125 MHz, DMSO-d6) δ: 57.1,
04.1, 114.2, 117.7, 120.3, 123.5, 124.5, 124.9, 125.6,
29.5, 130.5, 133.9, 146.9, 151.3, 152.5, 155.1, 157.6,
61.2 ppm; MS (ESI): m/z  362 (M+H)+. Anal. calcu-
ated for C19H11N3O5 (%): C, 63.15; H, 3.07; N, 11.63.
ound: C, 63.08; H, 3.03; N, 11.59.

.3.13. 2-Amino-4-(2-nitrophenyl)-5-oxo-4H,5H-
yrano-[3,2-c]chromene-3-carbonitrile  (4m)

IR (KBr, cm−1): 3455 and 3382 (NH2), 3278 (Ar-H),
222 (CN), 1719 (C O), 1666, 1621, 1454, 1385, 1118,
065, 1010, 766, 628; 1H NMR (500 MHz, DMSO-
6) δ: 4.70 (s, 1H, CH), 7.10–7.16 (m, 2H, Ar-H),
.24–7.30 (m, 2H, Ar-H), 7.36 (br s, 2H, NH2), 7.48
d, J = 8.0 Hz, 1H, Ar-H), 7.54 (t, J = 7.5 Hz, 1H, Ar-H),
.74 (t, J  = 7.5 Hz, 1H, Ar-H), 7.94 (d, J = 7.5 Hz, 1H,
r-H) ppm; 13C NMR (125 MHz, DMSO-d6) δ: 57.3,
04.0, 113.7, 117.7, 120.2, 123.6, 124.2, 124.8, 125.6,
29.7, 130.4, 133.5, 147.2, 151.0, 152.8, 155.1, 157.5,
61.3 ppm; MS (ESI): m/z  362 (M+H)+. Anal. calcu-
ated for C19H11N3O5 (%): C, 63.15; H, 3.07; N, 11.63.
ound: C, 63.04; H, 3.00; N, 11.54

.3.14. 2-Amino-4-(3,4-dichlorophenyl)-5-oxo-
H,5H-pyrano-[3,2-c]chromene-3-carbonitrile  (4n)

IR (KBr, cm−1): 3437 and 3380 (NH2), 3278 (Ar-H),
216 (CN), 1712 (C O), 1664, 1627, 1459, 1370, 1216,
108, 1064, 1001, 769; 1H NMR (500 MHz, DMSO-d6)
: 4.59 (s, 1H, CH), 7.06–7.10 (m, 2H, Ar-H), 7.17 (t,

 = 8.0 Hz, 1H, Ar-H), 7.36 (br s, 2H, NH2), 7.42 (d,
 = 8.0 Hz, 1H, Ar-H), 7.54 (t, J  = 7.5 Hz, 1H, Ar-H),
.71 (t, J  = 8.0 Hz, 1H, Ar-H), 7.87 (d, J = 8.0 Hz, 1H,
r-H) ppm; 13C NMR (125 MHz, DMSO-d6) δ: 57.0,
03.7, 113.8, 117.9, 119.5, 123.7, 124.1, 124.9, 125.5,
29.5, 130.3, 133.7, 147.2, 150.6, 152.9, 154.7, 157.5,
60.8 ppm; MS (ESI): m/z  386 (M+H)+. Anal. calcu-
ated for C19H10Cl2N2O3 (%): C, 59.24; H, 2.62; N,
.27. Found: C, 59.18; H, 2.58; N, 7.26.
.3.15.  2-Amino-4-(4-fluorophenyl)-5-oxo-4H,5H-
yrano-[3,2-c]chromene-3-carbonitrile  (4o)

IR (KBr, cm−1): 3439 and 3383 (NH2), 3282 (Ar-H),
214 (CN), 1708 (C O), 1668, 1607, 1457, 1376, 1210,
ersity for Science 9 (2015) 213–226 217

1107, 1063, 1001, 771; 1H NMR (500 MHz, DMSO-d6)
δ: 4.63 (s, 1H, CH), 7.21 (br s, 2H, NH2), 7.30 (d, 2H,
J = 8.2 Hz, Ar-H), 7.42 (d, 2H, J = 8.2 Hz, Ar-H), 7.60
(d, J = 7.6 Hz, 1H, Ar-H), 7.75 (t, J  = 7.6 Hz, 1H, Ar-H),
7.80 (t, J  = 7.6 Hz, 1H, Ar-H), 7.96 (d, J = 8.0 Hz, 1H,
Ar-H) ppm; 13C NMR (125 MHz, DMSO-d6) δ: 56.3,
103.2, 113.8, 117.5, 119.7, 122.8, 124.2, 124.8, 125.7,
129.4, 129.7, 133.8, 147.3, 150.4, 153.0, 154.8, 158.0,
160.5 ppm; MS (ESI): m/z  335 (M+H)+. Anal. calcu-
lated for C19H11FN2O3 (%): C, 68.26; H, 3.32; N, 8.38.
Found: C, 68.17; H, 3.28; N, 8.30.

2.3.16. 2-Amino-4-(4-hydroxyphenyl)-5-oxo-4H,
5H-pyrano-[3,2-c]chromene-3-carbonitrile  (4p)

IR (KBr, cm−1): 3443 and 3380 (NH2), 3274 (Ar-
H), 2221 (CN), 1714 (C O), 1667, 1602, 1458, 1377,
1262, 1170, 1124, 1059, 995, 783; 1H NMR (500 MHz,
DMSO-d6) δ: 4.65 (s, 1H, CH), 7.15 (br s, 2H, NH2), 7.25
(d, 2H, J = 8.2 Hz, Ar-H), 7.41 (d, 2H, J  = 8.2 Hz, Ar-H),
7.55 (d, J = 7.6 Hz, 1H, Ar-H), 7.71 (t, J = 7.6 Hz, 1H,
Ar-H), 7.79 (t, J  = 7.6 Hz, 1H, Ar-H), 7.93 (d, J = 8.0 Hz,
1H, Ar-H), 9.68 (s, 1H, OH) ppm; 13C NMR (125 MHz,
DMSO-d6) δ: 56.7, 103.2, 113.7, 117.4, 119.8, 122.9,
124.3, 124.9, 125.7, 129.3, 129.9, 133.8, 146.6, 150.6,
153.4, 154.9, 158.3, 160.4 ppm; MS (ESI): m/z  333
(M+H)+. Anal. calculated for C19H12N2O4 (%): C,
68.67; H, 3.64; N, 8.43. Found: C, 68.55; H, 3.64; N,
8.35.

2.3.17. 2-Amino-4-phenyl-5-oxo-4H,5H-pyrano-
[3,2-c]chromene-3-carboxylic  acid  ethyl  ester  (4q)

IR (KBr, cm−1): 3413 and 3338 (NH2), 3260 (Ar-
H), 1700 (C O), 1670 (C O), 1640, 1607, 1444, 1366,
1257, 1153, 1114, 1044, 980, 750; 1H NMR (500 MHz,
DMSO-d6) δ: 1.04 (t, 3H, J  = 7.2 Hz, CH3), 3.72 (q, 2H,
J = 7.2 Hz, CH2), 4.64 (s, 1H, CH), 7.14 (br s, 2H, NH2),
7.22–7.40 (m, 5H, Ar-H), 7.41 (d, 1H, J = 8.2 Hz, Ar-H),
7.55 (t, J  = 7.6 Hz, 1H, Ar-H), 7.77 (t, J = 7.6 Hz, 1H,
Ar-H), 7.90 (d, J = 8.0 Hz, 1H, Ar-H) ppm; 13C NMR
(125 MHz, DMSO-d6) δ: 14.8, 53.5, 56.1, 103.1, 113.2,
119.0, 122.4, 124.1, 124.4, 125.2, 128.7, 129.4, 134.2,
145.3, 150.6, 152.8, 154.4, 159.3, 162.4 ppm; MS (ESI):
m/z 364 (M+H)+. Anal. calculated for C21H17NO5 (%):
C, 69.41; H, 4.72; N, 3.85. Found: C, 69.33; H, 4.66; N,
3.80.

2.3.18. 2-Amino-4-(4-chlorophenyl)-5-oxo-4H,5H-

pyrano-[3,2-c]chromene-3-carboxylic  acid  ethyl
ester (4r)

IR (KBr, cm−1): 3418 and 3342 (NH2), 3255 (Ar-
H), 1708 (C O), 1678 (C O), 1643, 1609, 1446, 1360,
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2H Ar-H) ppm; C NMR (125 MHz, DMSO-d6) δ: 14.3,
18.7, 38.4, 59.3, 61.4, 106.3, 117.3, 126.8, 128.2, 132.4,
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1253, 1155, 1117, 1050, 986, 762; 1H NMR (500 MHz,
DMSO-d6) δ: 0.98 (t, 3H, J  = 7.2 Hz, CH3), 3.77 (q,
2H, J = 7.2 Hz, CH2), 4.60 (s, 1H, CH), 7.11 (br s,
2H, NH2), 7.19 (d, 2H, J  = 8.2 Hz, Ar-H), 7.37 (d, 2H,
J = 8.2 Hz, Ar-H), 7.47 (d, J = 7.6 Hz, 1H, Ar-H), 7.60
(t, J  = 7.6 Hz, 1H, Ar-H), 7.75 (t, J = 7.6 Hz, 1H, Ar-H),
7.93 (d, J  = 8.0 Hz, 1H, Ar-H) ppm; 13C NMR (125 MHz,
DMSO-d6) δ: 14.6, 53.0, 56.6, 103.2, 113.0, 119.3,
122.0, 124.0, 124.5, 125.7, 128.4, 129.9, 134.5, 145.0,
150.3, 152.2, 154.3, 159.6, 162.7 ppm; MS (ESI): m/z
398.5 (M+H)+. Anal. calculated for C21H16ClNO5 (%):
C, 63.40; H, 4.05; N, 3.52. Found: C, 63.33; H, 4.00; N,
3.48.

2.3.19. 2-Amino-4-(4-nitrophenyl)-5-oxo-4H,5H-
pyrano-[3,2-c]chromene-3-carboxylic  acid  ethyl
ester (4s)

IR (KBr, cm−1): 3422 and 3349 (NH2), 3268 (Ar-
H), 1711 (C O), 1682 (C O), 1650, 1607, 1438, 1358,
1250, 1158, 1119, 1053, 983, 758; 1H NMR (500 MHz,
DMSO-d6) δ: 1.05 (t, 3H, J  = 7.2 Hz, CH3), 3.75 (q,
2H, J = 7.2 Hz, CH2), 4.62 (s, 1H, CH), 7.17 (br s,
2H, NH2), 7.26 (d, 2H, J  = 8.2 Hz, Ar-H), 7.43 (d, 2H,
J = 8.2 Hz, Ar-H), 7.57 (d, J = 7.6 Hz, 1H, Ar-H), 7.69
(t, J  = 7.6 Hz, 1H, Ar-H), 7.80 (t, J = 7.6 Hz, 1H, Ar-H),
7.96 (d, J  = 8.1 Hz, 1H, Ar-H) ppm; 13C NMR (125 MHz,
DMSO-d6) δ: 14.9, 53.2, 56.4, 103.0, 113.8, 119.6,
122.2, 124.5, 124.9, 125.5, 128.3, 129.3, 134.7, 145.3,
150.8, 152.4, 154.7, 159.4, 162.0 ppm; MS (ESI): m/z
409 (M+H)+. Anal. calculated for C21H16N2O7 (%): C,
61.77; H, 3.95; N, 6.86. Found: C, 61.72; H, 3.90; N,
6.80.

2.3.20. 2-Amino-4-(4-methylphenyl)-5-oxo-4H,5H-
pyrano-[3,2-c]chromene-3-carboxylic  acid  ethyl
ester (4t)

IR (KBr, cm−1): 3410 and 3352 (NH2), 3269 (Ar-
H), 1704 (C O), 1680 (C O), 1645, 1605, 1451, 1363,
1260, 1150, 1112, 1055, 982, 757; 1H NMR (500 MHz,
DMSO-d6) δ: 1.07 (t, 3H, J  = 7.2 Hz, CH3), 2.19 (s, 3H,
CH3), 3.73 (q, 2H, J  = 7.2 Hz, CH2), 4.65 (s, 1H, CH),
7.19 (br s, 2H, NH2), 7.20 (d, 2H, J  = 8.1 Hz, Ar-H), 7.39
(d, 2H, J  = 8.1 Hz, Ar-H), 7.46 (d, J  = 7.4 Hz, 1H, Ar-H),
7.65 (t, J = 7.4 Hz, 1H, Ar-H), 7.74 (t, J  = 7.4 Hz, 1H,
Ar-H), 7.98 (d, J  = 8.1 Hz, 1H, Ar-H) ppm; 13C NMR
(125 MHz, DMSO-d6) δ: 14.2, 20.5, 53.7, 56.8, 103.7,
113.5, 119.8, 122.1, 124.1, 124.8, 125.3, 128.7, 129.0,

134.0, 145.2, 150.1, 152.6, 154.1, 159.5, 162.8 ppm; MS
(ESI): m/z  378 (M+H)+. Anal. calculated for C22H19NO5
(%): C, 70.02; H, 5.07; N, 3.71. Found: C, 70.00; H, 5.05;
N, 3.68.
ersity for Science 9 (2015) 213–226

2.4.  General  procedure  for  the  synthesis  of  6-amino-
5-cyano-2-methyl-4-aryl-4H-pyran-3-carboxylate
ethyl esters

Thiourea dioxide (10 mol%) was added to a mix-
ture of ethyl acetoacetate (1 mmol), aldehydes (1 mmol)
and malononitrile (1 mmol) in water (5 mL), and the
mixture was heated at 70 ◦C for the appropriate time
(Table 5). The progress of the reaction was monitored
by TLC. After completion of the reaction, the mass was
cooled to 25 ◦C, and the mixture was dissolved in ethanol
(20 mL). The solvent was concentrated under vacuum,
and the crude residue was purified by recrystallization
from ethanol. The remaining aqueous thiourea dioxide
was collected and reused with no further processing for
subsequent runs. The products were identified by IR, 1H
NMR, 13C NMR, mass, elemental analysis and melting-
points.

2.5.  Spectral  data  for  the  synthesized  compounds
(6a–l)

2.5.1.  6-Amino-5-cyano-4-phenyl-2-methyl-4H-
pyran-3-carboxylic  acid  ethyl  ester  (6a)

IR (KBr, cm−1): 3426, 3357, 3230, 2210, 1677,
1652, 1494, 1222, 795; 1H NMR (500 MHz, DMSO-
d6) δ: 1.12 (t, J  = 7.4 Hz, 3H, CH3CH2), 2.33 (s, 3H,
CH3), 4.13 (q, J  = 7.4 Hz, 2H, CH3CH2), 4.72 (s,
1H, CH), 5.22 (s, 2H, NH2), 7.06–7.33 (m, 5H, Ar-
H) ppm; 13C NMR (125 MHz, DMSO-d6) δ: 13.9, 19.5,
39.2, 58.9, 62.4, 105.8, 118.8, 127.3, 128.4, 133.0,
144.4, 149.5, 154.9, 166.2 ppm; MS (ESI): m/z  285
(M+H)+. Anal. calculated for C16H16N2O3 (%): C,
67.60; H, 5.67; N, 9.85. Found: C, 67.51; H, 5.62;
N, 9.77.

2.5.2.  6-Amino-5-cyano-4-(4-chlorophenyl)-2-
methyl-4H-pyran-3-carboxylic  acid  ethyl
ester (6b)

IR (KBr, cm−1): 3433, 3362, 3233, 2212, 1672, 1644,
1488, 1213, 822; 1H NMR (500 MHz, DMSO-d6) δ: 1.11
(t, J = 7.2 Hz, 3H, CH3CH2), 2.29 (s, 3H, CH3), 4.17 (q,
J = 7.2 Hz, 2H, CH3CH2), 4.68 (s, 1H, CH), 5.27 (s, 2H,
NH2), 7.13 (d, J  = 7.2 Hz, 2H, Ar-H), 7.33 (d, J  = 7.2 Hz,

13
143.7, 148.9, 155.2, 165.7 ppm; MS (ESI): m/z  319.5
(M+H)+. Anal. calculated for C16H15ClN2O3 (%): C,
60.29; H, 4.74; N, 8.79. Found: C, 60.20; H, 4.70; N,
8.75.
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.5.3.  6-Amino-5-cyano-4-(4-methoxyphenyl)-2-
ethyl-4H-pyran-3-carboxylic  acid  ethyl  ester  (6c)
IR (KBr, cm−1): 3403, 3355, 3240, 2207, 1674, 1639,

480, 1221, 806. 1H NMR (500 MHz, DMSO-d6) δ: 1.15
t, J  = 7.2 Hz, 3H, CH3CH2), 2.32 (s, 3H, CH3), 3.67 (s,
H, OCH3), 4.13 (q, J  = 7.2 Hz, 2H, CH3CH2), 4.67 (s,
H, CH), 5.28 (s, 2H, NH2), 7.09 (d, J  = 7.2 Hz, 2H,
r-H), 7.41 (d, J  = 7.2 Hz, 2H Ar-H) ppm; 13C NMR

125 MHz, DMSO-d6) δ: 14.6, 18.6, 38.6, 59.6, 61.8,
06.5, 118.4, 126.7, 128.3, 132.6, 143.3, 149.7, 155.4,
65.9 ppm; MS (ESI): m/z  315 (M+H)+. Anal. calculated
or C17H18N2O4 (%): C, 64.96; H, 5.74; N, 8.91. Found:
, 64.87; H, 5.68; N, 8.88.

.5.4.  6-Amino-5-cyano-4-(2-fluorophenyl)-2-
ethyl-4H-pyran-3-carboxylic  acid  ethyl  ester  (6d)
IR (KBr, cm−1): 3425, 3358, 3244, 2205, 1668, 1648,

490, 1224, 799. 1H NMR (500 MHz, DMSO-d6) δ: 1.21
t, J  = 7.6 Hz, 3H, CH3CH2), 2.34 (s, 3H, CH3), 4.10
q, J = 7.6 Hz, 2H, CH3CH2), 4.74 (s, 1H, CH), 5.19
s, 2H, NH2), 7.12–7.32 (m, 4H, Ar-H) ppm; 13C NMR
125 MHz, DMSO-d6) δ: 14.4, 19.3, 39.3, 58.7, 62.6,
05.4, 118.3, 127.0, 128.4, 133.2, 144.6, 148.8, 154.6,
66.3 ppm; MS (ESI): m/z  303 (M+H)+. Anal. calcu-
ated for C16H15FN2O3 (%): C, 63.57; H, 5.00; N, 9.27.
ound: C, 63.48; H, 4.93; N, 9.22.

.5.5. 6-Amino-5-cyano-4-(2-chlorophenyl)-2-
ethyl-4H-pyran-3-carboxylic  acid  ethyl  ester  (6e)
IR (KBr, cm−1): 3440, 3363, 3234, 2210, 1667, 1634,

493, 1218, 777. 1H NMR (500 MHz, DMSO-d6) δ: 1.16
t, J  = 7.2 Hz, 3H, CH3CH2), 2.34 (s, 3H, CH3), 4.15
q, J = 7.2 Hz, 2H, CH3CH2), 4.70 (s, 1H, CH), 5.32
s, 2H, NH2), 7.16–7.38 (m, 4H, Ar-H) ppm; 13C NMR
125 MHz, DMSO-d6) δ: 13.8, 18.4, 38.8, 59.4, 61.8,
06.5, 117.4, 126.7, 128.6, 132.7, 143.6, 149.4, 155.7,
65.6 ppm; MS (ESI): m/z  319.6 (M+H)+. Anal. calcu-
ated for C16H15ClN2O3 (%):C, 60.29; H, 4.74; N, 8.79.
ound: C, 60.22; H, 4.69; N, 8.77.

.5.6. 6-Amino-5-cyano-4-(2-bromophenyl)-2-
ethyl-4H-pyran-3-carboxylic  acid  ethyl  ester  (6f)
IR (KBr, cm−1): 3432, 3349, 3232, 2213, 1673, 1642,

487, 1219, 762. 1H NMR (500 MHz, DMSO-d6) δ:
.10 (t, J = 7.2 Hz, 3H, CH3CH2), 2.29 (s, 3H, CH3),
.16 (q, J  = 7.2 Hz, 2H, CH3CH2), 4.72 (s, 1H, CH),

13
.27 (s, 2H, NH2), 7.11–7.29 (m, 4H, Ar-H) ppm; C
MR (125 MHz, DMSO-d6) δ: 14.1, 18.8, 38.5, 59.8,
1.5, 106.7, 118.6, 126.6, 128.7, 132.3, 143.0, 149.8,
55.3, 165.4 ppm; MS (ESI): m/z  364 (M+H)+. Anal.
ersity for Science 9 (2015) 213–226 219

calculated for C16H15BrN2O3 (%): C, 52.90; H, 4.16;
N, 7.71. Found: C, 52.82; H, 4.11; N, 7.66.

2.5.7.  6-Amino-5-cyano-4-(3-chlorophenyl)-2-
methyl-4H-pyran-3-carboxylic  acid  ethyl  ester  (6g)

IR (KBr, cm−1): 3427, 3348, 3245, 2215, 1675, 1641,
1486, 1223, 780. 1H NMR (500 MHz, DMSO-d6) δ: 1.07
(t, J  = 7.4 Hz, 3H, CH3CH2), 2.29 (s, 3H, CH3), 4.10
(q, J = 7.4 Hz, 2H, CH3CH2), 4.74 (s, 1H, CH), 5.22
(s, 2H, NH2), 7.16–7.41 (m, 4H, Ar-H) ppm; 13C NMR
(125 MHz, DMSO-d6) δ: 13.7, 19.7, 39.5, 58.8, 62.6,
105.6, 118.5, 127.4, 128.0, 133.1, 144.7, 149.8, 154.8,
166.4 ppm; MS (ESI): m/z  319.5 (M+H)+. Anal. calcu-
lated for C16H15ClN2O3 (%):C, 60.29; H, 4.74; N, 8.79.
Found: C, 60.18; H, 4.66; N, 8.70

2.5.8. 6-Amino-5-cyano-2-methyl-4-(3-
nitrophenyl)-4H-pyran-3-carboxylic  acid  ethyl  ester
(6h)

IR (KBr, cm−1): 3443, 3352, 3232, 2214, 1677, 1637,
1489, 1227, 825. 1H NMR (500 MHz, DMSO-d6) δ: 1.05
(t, J  = 7.2 Hz, 3H, CH3CH2), 2.33 (s, 3H, CH3), 4.13
(q, J = 7.2 Hz, 2H, CH3CH2), 4.71 (s, 1H, CH), 5.23
(s, 2H, NH2), 7.19–7.44 (m, 4H, Ar-H) ppm; 13C NMR
(125 MHz, DMSO-d6) δ: 14.0, 18.7, 38.5, 59.5, 61.9,
106.4, 117.8, 126.4, 128.4, 132.4, 143.1, 149.2, 155.1,
165.9 ppm; MS (ESI): m/z  330 (M+H)+. Anal. calcu-
lated for C16H15N3O5 (%): C, 58.36; H, 4.58; N, 12.76.
Found: C, 58.25; H, 4.56; N, 12.70.

2.5.9. 6-Amino-5-cyano-4-(3-hydroxyphenyl)-2-
methyl-4H-pyran-3-carboxylic  acid  ethyl  ester  (6i)

IR (KBr, cm−1): 3437, 3359, 3228, 2203, 1669, 1639,
1490, 1219, 815. 1H NMR (500 MHz, DMSO-d6) δ: 1.11
(t, J  = 7.2 Hz, 3H, CH3CH2), 2.27 (s, 3H, CH3), 4.13 (q,
J = 7.2 Hz, 2H, CH3CH2), 4.74 (s, 1H, CH), 5.22 (s, 2H,
NH2), 7.15–7.42 (m, 4H, Ar-H), 9.77 (s, 1H, OH) ppm;
13C NMR (125 MHz, DMSO-d6) δ: 14.2, 18.9, 38.9,
59.3, 61.7, 106.8, 118.7, 126.8, 128.8, 132.5, 143.7,
149.6, 155.4, 165.5 ppm; MS (ESI): m/z  301 (M+H)+.
Anal. calculated for C16H16N2O4 (%): C, 64.00; H, 5.37;
N, 9.33. Found: C, 63.90; H, 5.30; N, 9.27.

2.5.10.  6-Amino-5-cyano-4-(4-methylphenyl)-2-
methyl-4H-pyran-3-carboxylic  acid  ethyl  ester  (6j)

IR (KBr, cm−1): 3432, 3353, 3239, 2219, 1680, 1640,
1495, 1217, 796. 1H NMR (500 MHz, DMSO-d6) δ: 1.14
(t, J = 7.4 Hz, 3H, CH3CH2), 2.17 (s, 3H, CH3), 2.34 (s,

3H, CH3), 4.15 (q, J  = 7.4 Hz, 2H, CH3CH2), 4.66 (s,
1H, CH), 5.27 (s, 2H, NH2), 7.16 (d, J  = 7.2 Hz, 2H,
Ar-H), 7.33 (d, J = 7.2 Hz, 2H Ar-H) ppm; 13C NMR
(125 MHz, DMSO-d6) δ: 14.4, 19.0, 39.4, 58.6, 62.3,
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105.9, 118.6, 127.6, 128.3, 133.3, 144.5, 149.5, 154.7,
166.6 ppm; MS (ESI): m/z  299 (M+H)+. Anal. calculated
for C17H18N2O3 (%): C, 68.45; H, 6.08; N, 9.39. Found:
C, 68.38; H, 6.00; N, 9.30.

2.5.11.  6-Amino-5-cyano-4-(4-bromophenyl)-2-
methyl-4H-pyran-3-carboxylic  acid  ethyl  ester  (6k)

IR (KBr, cm−1): 3426, 3355, 3234, 2218, 1678, 1645,
1495, 1225, 809. 1H NMR (500 MHz, DMSO-d6) δ: 1.05
(t, J  = 7.2 Hz, 3H, CH3CH2), 2.34 (s, 3H, CH3), 4.17
(q, J  = 7.2 Hz, 2H, CH3CH2), 4.68 (s, 1H, CH), 5.27
(s, 2H, NH2), 7.11 (d, J = 7.2 Hz, 2H, Ar-H), 7.42 (d,
J = 7.2 Hz, 2H Ar-H) ppm; 13C NMR (125 MHz, DMSO-
d6) δ: 13.8, 18.6, 38.3, 59.4, 61.8, 106.5, 117.7, 126.9,
128.9, 132.8, 143.8, 150.0, 155.3, 165.8 ppm; MS (ESI):
m/z 364 (M+H)+. Anal. calculated for C16H15BrN2O3
(%): C, 52.90; H, 4.16; N, 7.71. Found: C, 52.85; H,
4.09; N, 7.63.

2.5.12. 6-Amino-5-cyano-2-methyl-4-(4-
nitrophenyl)-4H-pyran-3-carboxylic  acid  ethyl  ester
(6l)

IR (KBr, cm−1): 3440, 3349, 3233, 2221, 1669, 1645,
1490, 1223, 745. 1H NMR (500 MHz, DMSO-d6) δ: 1.09
(t, J  = 7.3 Hz, 3H, CH3CH2), 2.27 (s, 3H, CH3), 4.15
(q, J  = 7.3 Hz, 2H, CH3CH2), 4.69 (s, 1H, CH), 5.28
(s, 2H, NH2), 7.21 (d, J = 7.2 Hz, 2H, Ar-H), 7.43 (d,
J = 7.2 Hz, 2H Ar-H) ppm; 13C NMR (125 MHz, DMSO-
d6) δ: 14.8, 19.3, 38.4, 59.7, 61.3, 106.7, 118.7, 126.5,
128.4, 132.2, 143.6, 150.2, 155.9, 165.3 ppm; MS (ESI):
m/z 330 (M+H)+. Anal. calculated for C16H15N3O5 (%):
C, 58.36; H, 4.58; N, 12.76. Found: C, 58.28; H, 4.53;
N, 12.67.

3.  Results  and  discussion

In order to find the most appropriate reaction
conditions and to evaluate the catalytic efficiency
of thiourea dioxide, a model study was con-
ducted to determine the best conditions for the
synthesis of 2-amino-4-(chlorophenyl)-5-oxo-4H,5H-
pyrano-[3,2-c]chromene-3-carbonitrile 4b  (Table 1).
The solvents CHCl3, CH3CN, 1,4-dioxane, methanol,
ethanol and water were tested (Table 1, entries 1–6); con-
densation of 4-chlorobenzaldehyde, 4-hydroxycoumarin
and malononitrile was easier and gave the highest yield
in the presence of water as solvent (Table 1, entry 6).

The effect of reaction temperature was also examined,
◦
and the reaction was found to proceed smoothly at 70 C

(Table 1, entry 6). The model reaction was conducted at a
range of temperatures, including room temperature, 50,
60, 70 and 80 ◦C, in the presence of 10 mol% thiourea
ersity for Science 9 (2015) 213–226

dioxide catalyst in water (Table 1, entries 6–10). The
reaction proceeded slowly at room temperature, and the
reaction yield was increased with increasing temperature
to 70 ◦C; when the reaction was heated above 70 ◦C,
the time of reaction decreased. The greatest yield in the
shortest reaction time was obtained in water at 70 ◦C
(Table 1, entry 6).

We also evaluated the quantity of catalyst required
for the synthesis of compound 4b. Catalyst loadings in
the range of 0–15 mol% were tested (Table 1, entries
11–14). A low yield of the product was observed in the
absence of the catalyst, and smaller amounts, such as
2 mol% and 5 mol%, afforded poorer yields. Loading of
thiourea dioxide to 15 mol% did not improve yields to a
greater extent. Thus, loading of 10 mol% thiourea diox-
ide in water was sufficient to push the reaction forward
(Table 1). Of the catalysts tested, including KH2PO4,
HBF4, LiBr, p-toluenesulfonic acid and thiourea diox-
ide, the last was the most efficient in terms of reaction
time and yield of product (Table 1, entries 6 and 15–18).

Having established the reaction conditions for
the multi-component reaction, the scope and lim-
itations of the reaction with different aldehydes,
malononitrile/cyano ester and 4-hydroxycoumarin were
investigated. Table 2 (entries 1–20) indicates that all the
reactions proceeded efficiently, and the desired products
were produced in high yields in short reaction times. In
an investigation of the effect of electron-withdrawing
substituents, electron-releasing substituents and halo-
gens on the aromatic ring of aldehydes on the reaction
results (Table 2), electron-withdrawing substituents and
halogens produced higher yields of products than their
electron-rich counterparts. We also found that the reac-
tion of aromatic aldehydes with electron-withdrawing
groups was more rapid than that of aldehydes with
electron-donating groups.

A comparison of the reaction times and yields
of thiourea dioxide-catalysed synthesis of 3,4-
dihydropyrano[3,2-c]chromene derivatives with
those reported shows the merit of our method.
Thiourea dioxide resulted in much greater activ-
ity, with a short reaction time and mild conditions
(Table 3) than the other catalysts studied, which
were silica-bonded N-propylpiperazine sodium n-
propionate, silica-bonded N-propylpiperazine and
silica-bonded N-propylmorpholine, p-toluenesulfonic
acid, silicotungstic acid, nano zinc oxide, nano
aluminium hydroxide, nano aluminium oxide, hex-

amethylenetetramine, tetrabutylammonium bromide,
1,8-diazabicyclo[5.4.0]undec-7-ene, 4-(dimethylamino)
pyridine, diammonium hydrogen phosphate, (S)-
proline, CuO nanoparticles, sodium dodecyl sulfate,
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Table 1
Optimization of reaction conditions for the synthesis of 4b.a

Entry Catalyst Amount Solvent Temperature (◦C) Time (min) Yield (%)b

1 TUD 10 mol% CHCl3 Reflux 60 33
2 TUD 10 mol% CH3CN Reflux 60 48
3 TUD 10 mol% 1,4-Dioxane Reflux 60 50
4 TUD 10 mol% MeOH Reflux 30 69
5 TUD 10 mol% EtOH Reflux 30 76
6 TUD 10 mol% H2O 70 10 96
7 TUD 10 mol% H2O rt 60 56
8 TUD 10 mol% H2O 50 45 67
9 TUD 10 mol% H2O 60 25 84

10 TUD 10 mol% H2O 80 10 96
11 TUD 0 mol% H2O 70 120 21
12 TUD 2 mol% H2O 70 60 44
13 TUD 5 mol% H2O 70 45 67
14 TUD 15 mol% H2O 70 10 96
15 KH2PO4 10 mol% H2O 70 60 61
16 HBF4 10 mol% H2O 70 75 53
17 LiBr 10 mol% H2O 70 75 48
18 p-TSA 10 mol% H2O 70 75 33

oumarin

t
(

f

T
P
c

E

1
1
1
1
1
1
1
1
1
1
2

a Reaction conditions: 4-chlorobenzaldehyde (1 mmol), 4-hydroxyc
b Isolated yields.

riethylenetetraammonium trifluoroacetate and �-Fe2O3

Table 3, entries 1–20).

Table 4 shows the efficiency of thiourea dioxide
or the synthesis of 3,4-dihydropyrano[c]chromenes

able 2
reparation of 2-amino-4-phenyl-5-oxo-4H,5H-pyrano-[3,2-c]chromene-3-
yanoacetate and 4-hydroxycoumarin catalysed by TUD in water.a

ntry Ar R Product Tim

1 C6H5 CN 4a 13
2 4-Cl C6H4 CN 4b 10
3 4-OCH3 C6H4 CN 4c 15
4 2-F C6H4 CN 4d 10
5 2-Cl C6H4 CN 4e 10
6 2-Br C6H4 CN 4f 10
7 3-Cl C6H4 CN 4g 10
8 3-NO2 C6H4 CN 4h 8
9 3-OH C6H4 CN 4i 10
0 4-CH3 C6H4 CN 4j 15
1 4-Br C6H4 CN 4k 10
2 4-NO2 C6H4 CN 4l 10
3 2-NO2 C6H4 CN 4m 10
4 3,4-Cl2 C6H3 CN 4n 8
5 4-F C6H4 CN 4o 8
6 4-OH C6H4 CN 4p 25
7 C6H5 COOC2H5 4q 20
8 4-Cl C6H4 COOC2H5 4r 25
9 4-NO2 C6H4 COOC2H5 4s 30
0 4-CH3 C6H4 COOC2H5 4t 20

a Reaction conditions: arylaldehyde (1 mmol), malononitrile/ethyl cyanoace
b Isolated yields.
 (1 mmol), and malononitrile (1 mmol), solvent 5 mL.

in comparison with our previous reported results

for synthesis of pyrano[4,3-b]pyran derivatives in
terms of reaction times and yields. Encouraged
by these results, we extended the catalytic activity

carbonitrile derivatives from benzaldehydes, malononitrile/ethyl

e (min) Yield (%)b Mp (◦C)

Found Reported

 93 254–256 256–258 [14]
 96 261–262 260–262 [14]
 88 242–244 243–244 [12]
 96 246–248 247–249 [12]
 95 266–268 266–268 [12]
 94 294–296 295–297 [12]
 94 242–243 242–243 [14]

 92 261–263 262–264 [16]
 90 268–270 269–270 [11]
 88 254–256 253–255 [14]
 94 252–254 252–254 [14]
 92 255–257 256–258 [14]
 90 258–260 258–260 [21]

 91 242–244 243–244 [12]
 94 262–264 262–263 [14]

 92 266–268 266–267 [14]
 89 208–210 209–210 [24]
 89 192–194 191–193 [14]
 88 243–245 241–243 [14]
 86 194–196 195–197 [24]

tate (1 mmol) and 4-hydroxycoumarin (1 mmol), water 5 mL at 70 ◦C.
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Table 3
Effect of different catalysts for the synthesis of 3,4-dihydropyrano[c]chromenes from the condensation of on the reaction of benzaldehyde, 4-
hydroxycoumarin and malononitrile.

Entry Catalyst (amount) Solvent Temperature (◦C) Time (min) Yield (%) Ref.

1 SBPPSP (0.06 g) Ethanol–water Reflux 10 95 [11]
2 SBPPSP (0.06 g) Solvent-free 100 60 80 [11]
3 PNPS (0.06 g) Ethanol–water Reflux 90 80 [11]
4 SBPM (0.06 g) Ethanol–water Reflux 90 90 [11]
5 p-TSA (10 mol%) Ethanol Reflux 60 35 [12]
6 H4SiW12O40 (10 mol%) Ethanol Reflux 60 38 [12]
7 Nano ZnO (10 mol%) Ethanol Reflux 90 49 [12]
8 Nano Al(OH)3 (10 mol%) Ethanol Reflux 120 48 [12]
9 Nano Al2O3 (10 mol%) Ethanol Reflux 120 71 [12]

10 (CH2)6N4 (HMT) (10 mol%) Ethanol Reflux 40 95 [12]
11 TBAB (10 mol%) Water 100 45 93 [13]
12 DBU (10 mol%) Water 100 5 94 [14]
13 DMAP (20 mol%) Ethanol Reflux 4 94 [15]
14 DAHP (10 mol%) Ethanol–water 25 240 85 [16]
15 (S)-Proline (10 mol%) Ethanol–water 100 180 78 [16]
16 CuO nanoparticles (15 mol%) Water 100 6 93 [17]
17 SDS (20 mol%) Water 60 150 88 [18]
18 [TETA]TFA Ethanol–water Reflux 30 95 [19]

Refl
70 

with malononitrile and ethyl acetoacetate in water at
19 �-Fe2O3 (10 wt%) Ethanol 

20 TUD (10 mol%) Water 

of thiourea dioxide to condensation reactions of
aromatic aldehydes, malononitrile and ethyl ace-
toacetate to afford 6-amino-5-cyano-2-methyl-4-aryl-

4H-pyran-3-carboxylate derivatives (Scheme 1). A
series of 6-amino-5-cyano-2-methyl-4-aryl-4H-pyran-
3-carboxylate derivatives with different substituents
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Scheme 2. A possible mechanism for the formation of 3,4-
dihydropyrano[c]chromene derivatives.
ux 30 93 [20]
10 96 This work

was prepared from different aromatic aldehydes bear-
ing electron-withdrawing and electron-donating groups
70 ◦C (Table 5, entries 1–12). A probable mechanism
for the formation of 3,4-dihydropyrano[3,2-c]chromene
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Scheme 3. A possible mechanism for the formation of 6-amino-5-
cyano-4-aryl-2-methyl-4H-pyran-3-carboxylic acid ethyl esters.
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Table 4
Comparison of synthesis of various pyrano[4,3-b]pyran derivativesa with the synthesis of various 2-amino-4-phenyl-5-oxo-4H,5H-pyrano-[3,2-
c]chromene derivativesc using TUD in water.

Entry Aldehydes R Product Time (min) Yield (%)b Ref.

1

CHO

Br

CN
O

OH3C

CN

NH2

O

Br

44aa

40 92 [36]

2

CHO

CH3

COOC2H5
O

OH3C NH2

O

CH3

44oo

OC2H5

O
50 87 [36]

3

CHO

Br

CN
O

O

CN

NH2

O

Br

44kk

10 94 This work

4

CHO

CH3

COOC2H5 O

O NH2

O

CH3

44tt

OC2H5

O
20 86 This work

Reaction conditions:
a Benzaldehydes (1 mmol), malononitrile or cyanoester (1.2 mmol) and 4-hydroxy-5-methylpyran-2-one (1 mmol) heating in water at 80 ◦C in

the presence of TUD (10 mol%).
c Arylaldehydes (1 mmol), malononitrile/ethyl cyanoacetate (1 mmol) and 4-hydroxycoumarin (1 mmol), heating in water at 70 ◦C in the presence

of TUD (10 mol%).

d
t
o
n
m
w
c
t
d
p
(

b Isolated yields.

erivatives is outlined in Scheme 2. We assume that
hiourea dioxide is an effective catalyst for the formation
f the olefin a, which is formed in  situ  by Knoeve-
agel condensation of aryl aldehyde 1 and the active
ethylene compound 2. Olefin a subsequently reacts
ith 4-hydroxycoumarin to give intermediate b. Further,

yclization of b  and subsequent tautomerization yielded

he corresponding 3,4-dihydropyrano[3,2-c]chromene
erivatives 4. 6-Amino-5-cyano-2-methyl-4-aryl-4H-
yran-3-carboxylate derivatives were obtained similarly
Scheme 3).
The possibility of recycling the catalyst was examined
by performing the reaction of 4-chlorobenzaldehyde,
malononitrile and 4-hydroxycoumarin in the presence
of 10 mol% of thiourea dioxide in water. Upon com-
pletion of the reaction, as indicated by TLC, ethanol
(10 mL) was added, and the reaction mixture was filtered.
The remaining aqueous solution of thiourea dioxide was

reused with no further treatment for the subsequent run.
As shown in Fig. 1, thiourea dioxide can be recycled at
least four times with no significant decrease in catalytic
activity, the yields ranging from 96% to 91%.
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Table 5
Preparation of 6-amino-5-cyano-4-aryl-2-methyl-4H-pyran-3-carboxylic acid ethyl ester derivatives from benzaldehydes, malononitrile and ethyl
acetoacetate catalysed by TUD in water.a

Entry Ar R Product Time (min) Yield (%)b Mp (◦C)

Found Reported

1 C6H5 CN 6a 40 90 194–196 195–196 [46]
2 4-Cl C6H4 CN 6b 30 92 171–173 172–174 [46]
3 4-OCH3 C6H4 CN 6c 45 86 141–143 142–144 [46]
4 2-F C6H4 CN 6d 25 90 180–182 –
5 2-Cl C6H4 CN 6e 25 89 176–178 –
6 2-Br C6H4 CN 6f 25 90 184–186 –
7 3-Cl C6H4 CN 6g 30 91 154–156 153–156 [46]
8 3-NO2 C6H4 CN 6h 25 91 182–184 182–183 [46]
9 3-OH C6H4 CN 6i 35 88 163–165 164–165 [46]

10 4-CH3 C6H4 CN 6j 45 88 176–178 177–179 [46]
11 4-Br C6H4 CN 6k 30 90 172–174 –
12 4-NO2 C6H4 CN 6l 35 91 180–183 180–183 [46]

a Reaction conditions: arylaldehydes (1 mmol), malononitrile (1 mmol) and
b Isolated yields.

4321
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Run s

Recyclab ili ty of TU D
Fig. 1. Recycling of catalyst TUD for the preparation of 2-amino-4-(4-
chlorophenyl)-5-oxo-4H,5H-pyrano-[3,2-c]chromene-3-carbonitrile
(4b).

4.  Conclusions

We have developed a simple, highly efficient one-pot
three-component method for the synthesis of vari-
ous 3,4-dihydropyrano[3,2-c]chromene derivatives by
reaction of aldehydes, malononitrile/cyano ester and
4-hydroxycoumarin catalysed by thiourea dioxide and
also for the synthesis of 6-amino-5-cyano-4-phenyl-
2-methyl-4H-pyran-3-carboxylic acid ethyl esters by
one-pot condensation of aldehydes, malononitrile and
ethyl acetoacetate in the presence of thiourea dioxide in

aqueous medium. This procedure has many attractive
features, such as operational simplicity, high product
yield and easy work-up and purification. Furthermore,
 ethyl acetoacetate (1 mmol) in water 5 mL at 70 ◦C.

thiourea dioxide is inexpensive and non-volatile making
the method environmentally friendly and economically
acceptable.
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