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RESEARCH LETTER

An expeditious and greener one-pot synthesis of 4H-chromenes catalyzed by Ba(OTf)2 in
PEG-water

Anil Kumar and M. Sudershan Rao

Department of Chemistry, Birla Institute of Technology and Science, Pilani 333 031, Rajasthan, India

(Received 17 April 2010; final version received 18 July 2011)

An expeditious synthesis of 4H-chromenes has been achieved by three-component one-pot condensation of 1,3-
diketone, aldehyde, and malononitrile using Ba(OTf)2 as catalyst in PEG-water at room temperature. Results

from various reaction media and different metal triflates as catalysts show that choice of proper catalyst and the
solvent system play a key role in the synthesis of 4H-chromene-3-carbonitrile derivatives. The catalyst can be
recovered and reused at least five times without loss of activity. The application of an eco-friendly, noncorrosive,

and reusable catalytic system with high isolated yield of the products makes this method advantageous.

Keywords: 4H-chromenes; barium triflate; PEG-water; 1,3-cyclohexanediones; three-component condensation

Introduction

Due to increasing concern about tight legislation,

development of environmentally benign chemical

processes has been of central importance in synthetic

organic chemistry. In this regard, attention has been

focused on use of alternative reaction media that can

circumvent the problems of toxicity associated with

volatile organic solvents. Water is the most environ-

mental-friendly and least expensive solvent and, there-

fore, reactionsmediated bywater should constitute the

ideal green chemistry (1�3). Various reactions such as
aldol reaction, Michael reaction (4�6), Diels-Alder
reaction, deprotection of acetates, alkyl ethers and

acetals, allylation reaction (7), glycosidation (8),

nucleophilic substitution reaction (9), synthesis of

heterocycles (10�12), azidolysis, and polymerization

(13) have been reported in aqueousmedium (14, 15). In

many of these reactionswater not only acts as a greener

solvent but also accelerates reaction rates and enhances

reaction selectivity (16�19).
Lewis acids have been used to promote various

reactions in organic synthesis. However, most of

these conventional Lewis acids suffer from one or

other drawback of corrosiveness, moisture sensitiv-

ity, recovery and reuse, environmental hazards, and

waste control after the reaction. Thus, it is im-

portant to replace these acid catalysts with environ-

mental-friendly catalysts which are active under

mild conditions and can be easily recovered and

reused. Metal triflates are an attractive alternative

because of their low toxicity, noncorrosive nature,
safety, ease to handle, recovery, and separability.
Metal triflates are efficient and mild green Lewis
acid catalysts that function in a variety of reaction
(20, 21). Unlike traditional Lewis acids they are
required in catalytic amount and are stable in
presence of water. Barium triflate has been used
for the preparation of vanadyl triflate (22).

The 4H-chromene is an important structural
motif and has received considerable importance in
the field of medicinal chemistry due to wide range of
useful biological activities. Substituted 4H-chromene
derivatives are potent apoptosis inducing agents
possessing vascular-disrupting activity (23, 24), they
bind to Bcl-2 protein and induce apoptosis in tumor
cells (25). These compounds have also been shown to
possess anti-cancer and anti-coagulant activities (26)
and important regulators for potassium cation chan-
nel (27). Due to their significant biological activities
and their use in different fields there has been a great
interest in developing synthetic protocols for these
compounds. A widely used approach for the synthesis
of 2-amino-chromenes is by refluxing malononitrile,
aldehyde, and diketone in the presence of hazardous
organic bases like piperidine, triethyl amine, pyridine
etc. for several hours (28�31). In recent years new
method have been developed for the synthesis of 4H-
chromene-3-carbonitrile derivatives using various
reagents such as d,l-proline (32, 33), MgO (34, 35),
rare-earth perfluorooctanoate (36), ammonium salts
(37�42), DBSA (43), LiBr (44), CeCl3 �H2O (45),

*Corresponding author. Email: anilkadian@gmail.com

Green Chemistry Letters and Reviews
Vol. 5, No. 3, September 2012, 283�290

ISSN 1751-8253 print/ISSN 1751-7192 online

# 2012 Anil Kumar and M. Sudershan Rao

http://dx.doi.org/10.1080/17518253.2011.623683

http://www.tandfonline.com

http://dx.doi.org/10.1080/17518253.2011.623683
http://www.tandfonline.com


potassium phosphate (46), and different energy
sources such as microwave-irradiation (47, 48) and
ultrasonic irradiation (49, 50). Recently, a catalyst
free method was reported for the synthesis of 4-
pyrazolyl-4H-chromene derivatives in water (51).
However, many of these methodologies are associated
with several shortcomings such as expensive reagents,
prolonged reaction times, high temperature, use of
hazardous and chlorinated solvents, low product
yield, huge organic waste, and difficulty in recovery
and reuse of catalyst. In view of recent surge in use of
greener solvent for organic transformations and
develop an efficient and convenient method in terms
of operational simplicity and economical viability,
herein, we report a simple, efficient, and greener
protocol for the synthesis of 4H-chromene-3-carboni-
trile derivatives using Ba(OTf)2 as a catalyst in PEG-
water (Scheme 1).

Results and discussion

In our preliminary attempts reaction of 4-chloroben-
zaldehyde, malononitrile, and 5,5-dimethylcyclohex-
ane-1,3-dione (dimedone) was selected as model
reaction for the synthesis of 2-amino-5,6,7,8-
tetrahydro-5-oxo-4-(4?-chlorophenyl)-4H-chromene-3-
carbonitrile (4a). The model reaction was carried out
in different solvents such as dimethylformamide
(DMF), dimethylsulfoxide (DMSO), 1,2-dichlor-
oethane, toluene, Tetrahydrofuran (THF), acetoni-
trile, ethanol, PEG-400, water, and different
combination of PEG-water at room temperature
using 20 mol% of Ba(OTf)2 as catalyst (Table 1).
The desired product (4a) was only observed in DMF,
DMSO, PEG-400, water, and PEG-water mixture
whereas in 1,2-dichloroethane and toluene 4-chlor-
ophenylidenemalononitrile intermediate was ob-
served. In other organic solvents such as THF,
acetonitrile, ethanol no product was formed under
these conditions (Table 2, entry 5�7). Further, we
studied model reaction in mixture of PEG-H2O in
different ratio and found that the PEG:H2O (50:50 v/
v) gave the highest yield (96%) of 4a at room
temperature (Table 2, entry 10). In the absence of

catalyst 4a was observed in 30 and 55% yield in water
and PEG-water (50:50 v/v), respectively. The im-
proved yield in PEG-H2O�Ba(OTf)2 system may be
explained in terms of improved solubility of sub-
strates and metal coordination ability of PEG.
Addition of PEG as co-solvent in water is known to
decrease apparently the aqueous solution polarity. It
is assumed that PEG also acts as a phase transfer
catalyst and helps in bringing the aqueous reagent
and organic reagent together.

Next we screened the model reaction with different
metal triflate (20 mol%) in PEG-water (50:50 v/v) and
the yield of 4a is shown in Table 2. All of the metal
triflates gave desired product in good to excellent yield,
however, Ba(OTf)2 gave the highest yield (96%)
among all screened catalysts. To optimize the catalysts
loading we carried out model reaction with varying
catalyst loading (Table 3). It was found that there was
no appreciable increase in the yield of 4a by increasing
the catalyst loading from 20 to 30 mol%, whereas by
decreasing the catalyst loading from 20 to 10 mol%
yield of 4a decreased from 96 to 80%. Further decrease
in catalyst loading to 1mol% lowered the yield of 4a to
55% (Table 3, entry 1). Thus, we took 20 mol% of
Ba(OTf)2 as optimum amount for further studies.

To generalize the versatility of the catalyst,
reaction of a variety of aldehydes and diketones
with malononitrile were carried out under these
conditions. It is noteworthy to mention that alde-
hydes with both electron withdrawing and donating
groups reacted with different 1,3-diketones and mal-
ononitrile to give substituted 4H-chromene-3-carbo-
nitrile in excellent yield (Table 4).

It is expected that the reaction proceeds through
the formation of arylidenemalononitrile by initial
condensation of aromatic aldehyde with malononi-
trile. Formation of this intermediate was confirmed
by comparing the TLC of Ba(OTf)2 catalyzed reac-
tion between malononitrile and 4-chlorobenzalde-
hyde alone with that of reaction between
malononitrile, dimedone and 4-chlorobenzaldehyde
in PEG-water. Further, peak at 2358 and 2228 cm�1

in IR and peak at m/z 189.0037 in mass spectra of the
intermediate isolated by quenching the reaction after
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Scheme 1. Synthesis of 4H-chromene-3-carbonitriles.
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10 min confirmed the formation of 4-chlorophenyli-

denemalononitrile in model reaction. The Michael

addition of the enolizable diketone to arylidenema-

lononitrile followed by intramolecular cyclization of

the resulting species produced 2-amino-5,6,7,8-tetra-

hydro-5-oxo-4-aryl-4H-chromene-3-carbonitrile.
From an environmental point of view, it is

desirable to minimize the amount of waste for each

organic transformation. In this context, we recycled
the catalyst for subsequent runs. To study the
reusability, the recovered Ba(OTf)2 was reused for
the synthesis of 4a. After extraction of 4a from PEG-
water with ethyl acetate, the aqueous layer was
charged with another lot of 1,3-diketone, aldehyde,
and malononitrile and stirred the reaction for 30 min
at room temperature. The reaction mixture was
extracted by ethyl acetate and the combined organic
layer was evaporated to give 4a in 93% yield. This
cycle was repeated for five times. The catalyst showed
good reactivity and yield even after five cycles with
little deterioration in catalytic activity (Table 5).

Experimental

General

The melting points of the products were determined
by open capillaries on a Buchi apparatus and are
uncorrected. The 1H and 13C NMR spectra were
recorded on a Varian (500 MHz) spectrometer in
DMSO-d6 with 1H resonant frequency of 500 MHz
and 13C resonant frequency of 125 MHz. The
chemical shifts are expressed in ppm (d) and coupling
constants (J) in Hz. The Mass spectra were recorded
on QSTAR

†

ELITE LX/MS/MS from applied bio-
systems. All the chemicals were purchased from
Sigma-Aldrich, India and SD fine chemicals (India).
The products were purified by column chromatogra-
phy using silica gel (60�120 mesh). The homogeneity
of the compounds was described by TLC on alumi-
nium silica gel 60 F254 (Merck, Germany) detected
by UV light (254 nm) and iodine vapors.

General experimental procedure for the synthesis of 2-
amino-5,6,7,8-tetrahydro-5-oxo-4-phenyl-4H-chromene-
3-carbonitrile

To a mixture of aldehyde (1.0 mmol), malononitrile
(1.1 mmol), and dimedone (1.0 mmol) in PEG-H2O

Table 2. Synthesis of 2-amino-5,6,7,8-tetrahydro-5-oxo-
4-(4-chlorophenyl)-4H-chromene-3-carbonitrile with dif-

ferent catalysts in PEG-water (4a).a

Entry Catalyst Time (min) Yieldb (%)

1 Ho(OTf)3 60 64
2 Yb(OTf)3 30 83
3 Ce(OTf)3 60 66

4 Nd(OTf)3 60 85
5 Sc(OTf)3 30 82
6 Eu(OTf)3 30 87

7 Cu(OTf)2 30 86
8 Zn(OTf)2 30 88
9 Ba(OTf)2 30 96

10 TfOH 30 35

aReaction conditions: 4-chlorobenzaldehyde (1.0 mmol),

dimedone (1.0 mmol), malononitrile (1.0 mmol), Ba(OTf)2 (0.20

mmol), PEG-water (50:50) (2 mL), room temperature.
bIsolated yield.

Table 3. Effect of catalyst concentration on synthesis of
4H-chromene-3-carbonitrilea (4a).

Entry
Catalyst
(% mmol) Time (min)

Yield
(%)b

1 1 60 55
2 5 60 68
3 10 30 80

4 20 30 96
5 30 30 94

aReaction conditions: 4-chlorobenzaldehyde (1.0 mmol),

dimedone (1.0 mmol), malononitrile (1.0 mmol), PEG-water

(50:50) (2 mL), room temperature.
bIsolated yield.

Table 1. Ba(OTf)2 catalyzed one-pot synthesis of 4H-
chromene-3-carbonitrile (4a) in different solvents.a

Entry Solvent
Time
(min)

Yieldb

(%)

1 DMF 30 60
2 DMSO 30 58
3 1,2-DCEc 60 �d

4 Toluene 60 �d

5 THF 60 �
6 ACNc 60 �
7 Ethanol 60 �
8 PEG-400 30 60
9 H2O 30 40e

10 PEG:H2O

(50:50)

30 96f

11 PEG:H2O
(70:30)

30 88

12 PEG:H2O
(30:70)

30 70

aReaction conditions: 4-chlorobenzaldehyde (1.0 mmol), dimedone

(1.0 mmol), malononitrile (1.0 mmol), Ba(OTf)2 (0.20 mmol),

solvent (2.0 mL), room temperature.
bIsolated yield.
cDCE, 1,2-dichloroethane; ACN, acetonitrile.
dOnly intermediate.
eIn absence of catalyst yield was 30%.
fIn absence of catalyst yield was 55%.
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Table 4. Synthesis of substituted 4H-chromene derivatives (4a-r) catalyzed by Ba(OTf)2.
a

Melting point (8C)

Entry R R1 Product (4)b Time (min) Yield (%)c Found Lit. [Ref.]

A 4-Cl CH3

O

Cl

CN

NH2

O 30 96 212�215 215�217 (52)

B 4-Me CH3

O

Me

CN

NH2

O 30 82 219�221 214�216 (27)

C 4-OMe CH3

O

OMe

CN

NH2

O 40 84 197�199 199�201 (27)

D 3-Cl CH3

O

CN

NH2

O

Cl

30 84 226�228 231�233 (52)

E 3-OMe CH3

O

CN

NH2

O

OCH3

40 86 200�201 -

F 4-NO2 CH3

O

CN

NH2

O

NO

30 82 182�184 177�178 (27)

G 3-NO2 CH3

O

CN

NH2

O

NO2

30 88 213�215 211�214 (52)

H 4-CH3 CH3

O

N

CN

NH2

O
50 76 222�224 �

I H CH3

O

CN

NH2

O
30 88 227�229 226�228 (36)

J 4-Cl H

O

CN

NH2

O

Cl

40 87 233�235 228�230 (46)
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(2 mL) was added Ba(OTf)2 (0.2 mmol). The
reaction mixture was stirred for appropriate time
as given in Table 4. The reaction was monitored by
TLC and on completion of the reaction the product
was extracted with ethyl acetate (2�20 mL). The
organic layer was dried with sodium sulfate and
evaporated under reduced pressure. The crude
product was recrystalized with ethanol or purified
by column chromatography using silica gel and
eluting with ethyl acetate and hexane. All the
compounds were characterized by mass, 1H NMR,
13C NMR, spectroscopic data.

Spectral data of 4a�o
2-Amino-4-(4-chlorophenyl)-7,7-dimethyl-5-oxo-5,6,7,8-
tetrahydro-4H-chromene-3-carbonitrile (4a)
Colorless solid, 1H NMR (500 MHz, DMSO-d6) d
7.37�7.29 (m, 2H), 7.19�7.12 (m, 2H), 7.03 (s, 2H),

4.18 (s, 1H), 2.49 (t, J�3.4 Hz, 2H), 2.23 (d, J�16.1

Hz, 1H), 2.09 (d, J�16.0 Hz, 1H), 1.02 (s, 3H), 0.93

(s, 3H); 13C NMR (125 MHz, DMSO-d6) d 196.1,

163.0, 158.9, 144.2, 131.6, 129.5, 128.7, 120.0, 112.8,

58.2, 50.4, 35.5, 32.2, 28.8, 27.3; ESI-MS (m/z):

C18H17ClN2O2 328.0979, Found 329.0937 [M�H]�

and 331.0887 [M�2 �H]�.

Table 4 (Continued )

Melting point (8C)

Entry R R1 Product (4)b Time (min) Yield (%)c Found Lit. [Ref.]

K 3-NO2 H

O

CN

NH2

O

NO2

40 91 234�236 199�200 (44)

L 4-Me H

O

CN

NH2

O

Me

40 82 224�226 224�226 (44)

M 3-OMe H

O

CN

NH2

O

OMe

40 84 212�214 �

N 4-OMe H

O

CN

NH2

O

OMe

40 86 206�208 196�198 (44)

O 3-Cl H

O

CN

NH2

O

Cl

30 90 242�244 �

aReaction conditions: Aldehyde (1.0 mmol), 1,3-diketone (1.0 mmol), malononitrile (1.0 mmol), Ba(OTf)2 (0.20 mmol), PEG-water (50:50)

(2 mL), room temperature.
bAll products were characterized by IR, ESI-mass, 1H NMR and 13C NMR data.
cIsolated yield by column chromatography on silica gel (60�120 mesh).

Table 5. Recycling of catalyst Ba(OTf)2 for the synthesis of

4a.a

Cycle 1 2 3 4 5

Yield (%)b 96 93 95 92 91

aReaction conditions: 4-chlorobenzaldehyde (1.0 mmol), dimedone

(1.0 mmol), malononitrile (1.0 mmol), Ba(OTf)2 (0.20 mmol),

PEG-water (50:50) (2 mL), room temperature.
bIsolated yield.
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2-Amino-4-p-tolyl-7,7-dimethyl-5-oxo-5,6,7,8-
tetrahydro-4H-chromene-3-carbonitrile (4b)
Colorless solid, 1H NMR (500 MHz, DMSO-d6) d
7.06 (d, J�8.1 Hz, 2H), 7.00 (d, J�8.0 Hz, 2H), 6.94
(s, 2H), 4.11 (s, 1H), 2.48 (m, 2H), 2.25�2.15 (m, 4H),
2.07 (d, J�16.1 Hz, 1H), 1.01 (s, 3H), 0.93 (s, 3H);
13C NMR (125 MHz, DMSO-d6) d 196.0, 162.7,
158.9, 142.2, 136.0, 129.3, 127.5, 120.2, 113.3, 58.9,
50.4, 35.6, 32.2, 28.9, 27.2, 21.0; ESI-MS (m/z):
C19H20N2O2 308.1525, Found 309.1422 [M�H]�.

2-Amino-4-(4-methoxyphenyl)-7,7-dimethyl-5-oxo-
5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (4c)
Colorless solid, 1H NMR (500 MHz, DMSO-d6) d
6.66 (d, J�8.2 Hz, 2H), 6.55 (s, 2H), 6.45 (d, J�8.2
Hz, 2H), 3.73 (s, 1H), 3.32 (s, 3H), 2.10 (m, 2H), 1.85
(d, J�16.1 Hz, 1H), 1.70 (d, J�16.0 Hz, 1H), 0.64 (s,
3H), 0.55 (s, 3H); 13C NMR (125 MHz, DMSO-d6) d
196.1, 162.6, 158.3, 142.2, 136.0, 128.6, 127.5, 120.2,
114.1, 58.9, 55.4, 50.4, 35.2, 32.2, 28.8, 27.2; ESI-MS
(m/z): C19H20N2O3 324.1474, Found 324.1372
[M�H]�.

2-Amino-4-(3-chlorophenyl)-7,7-dimethyl-5-oxo-
5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (4d)
Colorless solid, 1H NMR (500 MHz, DMSO-d6) d
7.31 (t, J�7.8 Hz, 1H), 7.24 (ddd, J�8.0, 2.1, 1.1
Hz, 1H), 7.14 (t, J�1.9 Hz, 1H), 7.12�7.07 (m, 1H),
7.06 (s, 2H), 4.19 (s, 1H), 2.51 (s, 2H), 2.23 (d,
J�16.1 Hz, 1H), 2.11 (d, J�16.0 Hz, 1H), 1.01 (s,
3H), 0.94 (s, 3H); 13C NMR (125 MHz, DMSO-d6) d
196.1, 163.3, 159.0, 147.7, 133.3, 130.7, 127.5, 127.1,
126.4, 119.9, 112.5, 58.1, 50.4, 35.8, 32.3, 28.7, 27.3;
ESI-MS (m/z): C18H17ClN2O2 328.0979, Found
329.0846 [M�H]� and 331.0756 [M�2�H]�.

2-Amino-4-(3-methoxyphenyl)-7,7-dimethyl-5-oxo-
5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (4e)
Colorless solid, 1H NMR (500 MHz, DMSO-d6) d
7.16 (t, J�7.9 Hz, 1H), 6.94 (s, 2H), 6.71 (d, J�8.1
Hz, 1H), 6.66 (d, J�7.6 Hz, 1H), 6.60 (s, 1H), 4.09 (s,
1H), 3.64 (s, 3H), 2.55�2.40 (m, 2H), 2.21 (d, J�16.0
Hz, 1H), 2.07 (d, J�16.1 Hz, 1H), 0.99 (s, 3H), 0.92
(s, 3H); 13C NMR (125 MHz, DMSO-d6) d 196.3,
164.9, 159.6, 158.9, 146.8, 129.9, 128.3, 120.2, 119.7,
114.1, 113.3, 111.8, 58.5, 55.3, 35.9, 32.2, 27.3, 26.3;
ESI-MS (m/z): C19H20N2O3 324.1474, Found
324.1474 [M�H]�.

2-Amino-4-(4-nitrophenyl)-7,7-dimethyl-5-oxo-
5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (4f)
Colorless solid, 1H NMR (500 MHz, DMSO-d6) d
8.17�8.08 (m, 2H), 7.52�7.28 (m, 2H), 7.15 (s, 2H),

4.35 (s, 1H), 2.52 (d, J�2.7 Hz, 2H), 2.24 (d, J�16.1
Hz, 1H), 2.08 (d, J�15.2, Hz, 1H), 1.02 (s, 3H), 0.94
(s, 3H); 13C NMR (125 MHz, DMSO-d6) d 196.1,
163.5, 159.0, 152.7, 146.7, 129.1, 124.1, 119.7, 112.2,
57.4, 50.3, 36.1, 32.3, 28.7, 27.4; ESI-MS (m/z):
C18H17N3O4 339.1219, Found 340.1168 [M�H]�.

2-Amino-4-(3-nitrophenyl)-7,7-dimethyl-5-oxo-
5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (4g)
Colorless solid, 1H NMR (500 MHz, DMSO-d6) d
8.09�8.03 (m, 1H), 7.96 (s, 1H), 7.64 (dt, J�10.3, 5.2
Hz, 1H), 7.59 (dd, J�12.1, 4.4 Hz, 1H), 7.16 (s, 2H),
4.40 (s, 1H), 2.54�2.48 (m, 2H), 2.25 (d, J�16.1 Hz,
1H), 2.08 (d, J�17.8, Hz, 1H), 1.00 (s, 3H), 0.95 (s,
3H); 13C NMR (125 MHz, DMSO-d6) d 196.2, 163.6,
159.1, 148.2, 147.4, 134.6, 130.4, 129.0, 122.2, 119.8,
112.2, 57.6, 50.3, 35.8, 32.3, 28.8, 27.2; ESI-MS (m/z):
C18H17N3O4 339.1219, Found 340.1183 [M�H]�.

2-Amino-4-(pyridin-4-yl)-7,7-dimethyl-5-oxo-5,6,7,8-
tetrahydro-4H-chromene-3-carbonitrile (4h)
Colorless solid, 1H NMR (500 MHz, DMSO-d6) d
8.46 (s, 2H), 7.17�7.09 (m, 4H), 4.19 (s, 1H), 2.51 (s,
2H), 2.24 (d, J�16.1 Hz, 1H), 2.11 (d, J�16.0 Hz,
1H), 1.02 (s, 3H), 0.95 (s, 3H); 13C NMR (125 MHz,
DMSO-d6) d 196.1, 163.7, 159.1, 153.4, 150.1, 123.0,
119.8, 111.9, 57.2, 50.3, 35.6, 32.3, 28.7, 27.4; ESI-MS
(m/z): C17H17N3O2 295.1321, Found 295.1279
[M�H]�.

2-Amino-4-phenyl-7,7-dimethyl-5-oxo-5,6,7,8-
tetrahydro-4H-chromene-3-carbonitrile (4i)
Colorless solid, 1H NMR (500 MHz, DMSO-d6) d
7.26 (t, J�7.2 Hz, 2H), 7.19�7.09 (m, 3H), 6.97 (s,
2H), 4.16 (s, 1H), 2.49 (dd, J�9.3, 2.8 Hz, 2H), 2.23
(d, J�16.1 Hz, 1H), 2.08 (d, J�16.1 Hz, 1H), 1.02 (s,
3H), 0.94 (s, 3H); 13C NMR (125 MHz, DMSO-d6) d
196.1, 162.9, 158.9, 145.2, 128.8, 127.6, 127.0, 120.1,
113.2, 58.8, 50.4, 36.0, 32.2, 28.8, 27.2; ESI-MS (m/z):
C18H18N2O2 294.1368, Found 295.1279 [M�H]�.

2-Amino-4-(4-chlorophenyl)-5-oxo-5,6,7,8-tetrahydro-
4H-chromene-3-carbonitrile (4j)
Colorless solid, 1H NMR (500 MHz, DMSO-d6) d
7.32 (d, J�8.2 Hz, 2H), 7.17 (d, J�8.3 Hz, 2H), 7.03
(s, 2H), 4.19 (s, 1H), 2.62�2.56 (m, 2H), 2.33�2.19 (m,
2H), 1.94 (dt, J�11.0, 5.5 Hz, 1H), 1.86 (dt, J�13.1,
7.8 Hz, 1H); 13C NMR (125 MHz, DMSO-d6) d
196.9, 165.0, 158.9, 144.2, 131.5, 129.5, 128.7, 120.0,
113.8, 58.1, 36.7, 35.4, 26.9, 20.2; ESI-MS (m/z):
Calcd for C16H13ClN2O2 300.0666, Found 301.0687
[M�H]� and 303.0657 [M�2�H]�.
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2-Amino-4-(3-nitrophenyl)-5-oxo-5,6,7,8-tetrahydro-
4H-chromene-3-carbonitrile (4k)
Colorless solid, 1H NMR (500 MHz, DMSO-d6) d
ppm: 8.06 (ddd, J�8.1, 2.3, 1.1 Hz, 1H), 7.97 (t,
J�2.0 Hz, 1H), 7.69�7.63 (m, 1H), 7.59 (t, J�7.9
Hz, 1H), 7.16 (s, 2H), 4.40 (s, 1H), 2.72�2.54 (m, 2H),
2.36�2.19 (m, 2H), 1.95 (dt, J�16.7, 5.7 Hz, 1H),
1.91�1.83 (m, 1H); 13C NMR (125 MHz, DMSO-d6)
d ppm: 196.4, 165.5, 159.1, 159.0, 148.2, 147.5, 134.7,
130.4, 122.2, 119.8, 113.3, 57.5, 36.7, 35.8, 27.0, 20.2;
ESI-MS (m/z): Calcd for C16H13N3O4 311.0906,
Found 312.0768 [M�H]�.

2-Amino-4-p-tolyl-5-oxo-5,6,7,8-tetrahydro-4H-
chromene-3-carbonitrile (4l)
Colorless solid, 1H NMR (500 MHz, DMSO-d6) d
ppm: 7.06 (d, J�6.9 Hz, 2H), 7.04�6.99 (m, 2H), 6.94
(s, 2H), 4.13 (s, 1H), 2.58 (dd, J�11.7, 6.3 Hz, 2H),
2.23�2.26 (m, 2H), 2.23 (s, 3H), 1.93 (dd, J�11.5, 5.7
Hz, 1H), 1.90�1.79 (m, 1H); 13C NMR (125 MHz,
DMSO-d6) d ppm: 196.2, 164.66, 158.8, 142.3, 136.0,
129.3, 127.5, 120.0, 114.4, 58.8, 36.9, 35.5, 26.9, 21.0,
20.3; ESI-MS (m/z): Calcd for C17H16N2O2 280.1212,
Found 281.1247 [M�H]�.

2-Amino-4-(3-methoxyphenyl)-5-oxo-5,6,7,8-
tetrahydro-4H-chromene-3-carbonitrile (4m)
Colorless solid, 1H NMR (500 MHz, DMSO-d6) d
7.18 (td, J�8.2, 1.5 Hz, 1H), 6.97 (s, 2H), 6.83�6.59
(m, 3H), 4.14 (s, 1H), 3.71 (s, 3H), 2.70�2.51 (m, 2H),
2.34�2.17 (m, 2H), 2.04�1.77 (m, 2H); 13C NMR (125
MHz, DMSO-d6) d 196.3, 165.0, 159.6, 158.9, 146.8,
129.9, 120.2, 119.7, 114.1, 113.7, 111.8, 58.5, 55.3,
36.8, 35.7, 26.9, 20.3; ESI-MS (m/z): C17H16N2O3

296.1161, Found 297.1084 [M�H]�.

2-Amino-4-(4-methoxyphenyl)-5-oxo-5,6,7,8-
tetrahydro-4H-chromene-3-carbonitrile (4n)
Colorless solid, 1H NMR (500 MHz, DMSO-d6) d
7.04 (d, J�8.3 Hz, 2H), 6.92 (s, 2H), 6.81 (d, J�8.3
Hz, 2H), 4.11 (s, 1H), 3.69 (s, 3H), 2.62�2.51 (m, 2H),
2.36�2.13 (m, 2H), 2.01�1.74 (m, 2H); 13C NMR (125
MHz, DMSO-d6) d 196.3, 164.5, 158.3, 142.3, 136.1,
128.6, 127.4, 120.1, 114.1, 58.9, 55.4, 35.1, 35.5, 26.9,
20.3; ESI-MS (m/z): C17H16N2O3 296.1161, Found
297.1069 [M�H]�.

2-Amino-4-(3-chlorophenyl)-5-oxo-5,6,7,8-tetrahydro-
4H-chromene-3-carbonitrile (4o)
Colorless solid, 1H NMR (500 MHz, DMSO-d6) d
7.27 (t, J�7.6 Hz, 1H), 7.21 (ddd, J�8.1, 2.2, 1.2
Hz, 1H), 7.11 (t, J�1.85 Hz, 1H), 7.08�7.05 (m, 1H),
7.01 (s, 2H), 4.09 (s, 1H), 2.69�2.56 (m, 2H), 2.37�

2.11 (m, 2H), 2.03�1.79 (m, 2H); 13C NMR (125
MHz, DMSO-d6) d 196.1, 163.3, 159.1, 143.1, 135.1,
131.0, 127.5, 127.2, 126.4, 120.0, 112.6, 58.0, 35.9,
32.3, 28.7, 20.2; ESI-MS (m/z): Calcd for
C16H13ClN2O2 300.0666, Found 301.0685 [M�H]�

and 303.0675 [M�2� H]�.

Conclusions

In conclusion, we have developed an expeditious and
greener synthesis of 4H-chromenes-3-carbonitrile de-
rivatives by three-component one-pot condensation
of 1,3-diketone, aldehyde and malononitrile using 20
mol% of Ba(OTf)2 as catalyst in PEG-water (50:50 v/
v) at room temperature. Results from various reac-
tion media and different metal triflates as catalysts
show that choice of proper catalyst and the solvent
system play a key role in the synthesis of 4H-
chromene-3-carbonitrile derivatives. The catalyst
can be recovered and reused at least five times
without loss of activity. The application of an eco-
friendly, non-corrosive, and reusable catalytic system
with high isolated yield of the products makes this
method advantageous.
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