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Abstract.

A one pot synthesis of 4-chromanone derivatives (5a—j) is described using Zn[(L)(proline)], as

catalyst in aqueous media. The compounds have been characterized on the basis of elemental and spectral
data (IR, "H NMR and mass). The advantages of this protocol include high yields, mild reaction conditions,
environmentally benign and simple operational procedure. The use of water as solvent and Zn[(L)proline], as
recyclable, non-toxic catalyst make such synthesis a truly green process.
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1. Introduction

Chromone moiety forms an important component of
pharmacophores of a number of biologically active
molecules of synthetic as well as natural origin.'
Chromone and their derivatives are found in nature
as pigments in plant leaves and flowers. They are
important for the synthesis of various oxygen heterocy-
cles including xanthones and transition metal chelates.?
They are widely present in nature and exhibit low toxi-
city along with a wide variety of useful properties.* They
are reported to exhibit significant biological activities
including antiinflammatory,* antiallergic,®> antibacte-
rial,® neuroprotective,” anti HIV,® antioxidant,’ anti-
fungal,’® etc. They also display spasmolytic, car-
diotonic, antiarrhythmic'! and anticancer properties. 2

3-Formylchromone (4-oxo-4H-1-benzopyran-3-car-
boxaldehyde) has been frequently used for the syn-
thesis of various heterocyclic derivatives ever since its
convenient synthesis was reported by Nohara et al.'?
Derivatives of 3-formyl chromone are useful synthetic
building blocks in both organic and medicinal chem-
istry.'* 3-Formylchromone has been chosen for the
present study due to the reason that it carries three elec-
tron deficient centres viz. «,B-unsaturated keto func-
tion, a carbonyl group in the form of formyl group at
position 3 and a very reactive electrophilic centre at
C-2. In the present paper, the products (chromanones)
of reaction of 3-formylchromone with primary aro-

*For correspondence

3-Formylchromone; Zn[(L)proline],; 4-chromanone; water; green synthesis.

matic/heteroaromatic amines under green reaction con-
ditions have been investigated. It is pertinent to men-
tion that chromanones represent an important group
of compounds which display a remarkable domain of
biochemical and pharmacological actions. They have
been examined for antioxidant,'® antibacterial,'® anti-
malarial,'” anticancer,'® antifungal,!® topoisomerase 1
inhibitor,?” psychoanaleptic, antiamoebic and antide-
pressant properties.?! Some chromanone derivatives
have been evaluated for in vitro antiviral activities
against human immunodeficiency virus (HIV) and
Simian immunodeficiency virus (SIV).?** They have
also been claimed to be active in photosynthesis** and
have hereditary bleaching effect (similar to antibiotics)
on the plastid system of Euglena gracilis.* Other 4-
chromanone derivatives have also been found useful in
the treatment of bronchial asthma.?!

As aresult, for the synthesis of 4-chromanone deriva-
tives different methods have been developed.**” These
methods have certain drawbacks such as prolonged
reaction time, use of toxic and volatile organic solvents
and varied yields. The replacement of these hazardous
solvents with the environmentally benign solvents is one
of the key areas of green chemistry.”® Among various
green solvents, water is the most popular as it is inex-
pensive, thermally stable, recoverable, biologically com-
patible, and non-toxic. In recent years, water-mediated
organic synthesis has become one of the most impor-
tant aspects in organic chemistry in order to meet the
environmental demands.? This strategy becomes one
of the most powerful green chemical technologies if such
reactions could be carried out using homogeneous or
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heterogeneous recyclable Lewis acid catalyst. Lewis
acids have been found to catalyse conjugate addition
reactions effectively under mild reaction conditions
avoiding undesirable side reaction products. Therefore,
in spite of the reported methods for this transforma-
tion, there is a need to develop more efficient, simple
and milder protocol which can fulfill both these require-
ments. For the coordination of Zn, proline is a suitable
amino acid, as its secondary amino group and carboxy-
late function being ideally suited for Zn>* in low coor-
dination number and makes Zn complex, a moderately
soft Lewis acid. Zn[(L)proline], has attracted much
attention in the recent years in various organic trans-
formations (Aldol,° nitroaldol,?! Hantzsch reaction,
Knoevenagel condensation,® etc.) due to its inherent
properties like reusability, greater selectivity, opera-
tional simplicity, non-corrosiveness, inexpensive, and
ease of isolation. In continuation of our efforts in deve-
loping selective, efficient, mild and ecofriendly syn-
thetic methodologies for the preparation of biologically
relevant heterocyclic derivatives*° here, we describe
a simple and convenient method for the synthesis of
4-chromanone derivatives (5a—j) by the reaction of 3-
formylchromone 1 with different primary aromatic and
heteroaromatic amines (2a—j) using Zn[(L)proline],
complex as a water-tolerant Lewis acid catalyst in
water. To the best of our knowledge, the synthesis
of 4-chromanone derivatives using Zn[(L)proline], in
aqueous media has not been reported so far.

2. Experimental
2.1 Material and methods

Melting points were taken in Reichert Thermover
instrument and are uncorrected. The IR spectra were
recorded on FT-IR spectrometer in KBr, 'H-NMR spec-
tra on a Bruker DRX-300 using tetra methyl silane
(TMS) as an internal standard. Chemical shifts are
reported in ppm downfield from TMS, coupling con-
stants J are given in Hz. Mass spectra were obtained
on a DART-MS recorded on a JEOL-Accu TOF JMS-
T100LC mass spectrometer having a DART source. The
micro analytical data were collected on Elementar vario
EL III elemental analyzer. 3-Formylchromone'® and
Zn[(L)proline],** were synthesized by reported proce-
dures. Other chemicals were of commercial grade and
used without further purification. The purity of all com-
pounds was checked on silica gel (E-Merck G,s4) plates
using iodine vapours as visualizing agents.
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2.2 General procedure for the synthesis of 2-
hydroxychromanones (5a—j)

A mixture of 3-formylchromone 1 (1.00 mmol), amines
2a—j (1.00mmol), Zn [(L)proline], (10 mol%) and
water (10 ml) was refluxed in a heating mantle at reflux
temperature for an appropriate time (table 1). After
completion of reaction, as monitored by TLC, reaction
mixture was cooled to room temperature. The crude
product was extracted with dichloromethane, washed
with water, dried over anhydrous sodium sulphate and
concentrated to furnish (5a—j). The pure compounds
were obtained by recrystallization from methanol-
chloroform mixture (8:2). The catalyst was recovered
by simple separation of aqueous and organic phases.
The catalyst present in the aqueous layer was recovered
by precipitating the aqueous layer by the addition of
acetone and used for the subsequent cycle.

2.3 Spectral data of the products

2.3a 3-(Pyridylaminomethylene)-2-hydroxy-chroman-
4-one (5a): Light yellow solid; m.p. 121-124°C;
IR (KBr): 3355, 3280, 1650, 1376cm™'; 'H NMR
(300 MHz, CDCl3): § 3.53 (s, 1H, OH), 5.71 (s, 1H,
H-2), 6.84-7.66 (m, 7H, ArH), 7.99 (d, J = 7.8 Hz,
1H, C-5), 8.33 (d, / = 11.4Hz, H-9), 12.09 (d, J =
11.4Hz, 1H, NH, D,0 exchangeable); MS (ESI-MS):
m/z 268.15 (M™). Anal. Caled. for C;5H,N,0;: C
67.22H 4.51 N 10.45. Found: C 67.02H 4.28 N 10.66.

2.3b 3-(Benzothiazolylaminomethylene)-2-hydroxy-
chroman-4-ones (S5b): Light yellow solid; m.p. 142—
145°C; IR (KBr): 3209, 3078, 1648, 1373cm™'; 'H
NMR (300 MHz, CDCl;): § 3.53 (s, 1H, OH), 5.72 (s,
1H, H-2), 7.05 (d, J = 11.4Hz, 1H, H-9), 7.10-7.99
(m, 7H, ArH), 8.06 (d, J/ = 7.8 Hz, C-5), 12.31 (d, J =
11.4Hz, 1H, NH, D,0 exchangeable); MS (ESI-MS):
m/z 324.15 (M*). Anal. Calcd. for C;H;,N,O3S: C
63.02H 3.73 N 8.64. Found: C 62.80H 3.95N 8.41.

2.3¢  3-(p-Tolylaminomethylene)-2-hydroxy-chroman-
4-one (5¢): Light yellow solid; m.p. 150-155°C;
IR (KBr): 3320, 3200, 1653, 1365cm™'; 'H NMR
(300 MHz, CDCl3): § 2.51(s, 3H, CH3), 3.18 (s, 1H,
OH), 5.91 (s, 1H, H-2), 6.80-7.73 (m, 7H, ArH), 7.89
(d, J = 7.8Hz, C-5), 8.33 (d, / = 12.3Hz, 1H, H-9),
12.19 (d, J = 12.3Hz, 1H, NH, D,O exchangeable);
MS (ESI-MS): m/z 281.14 (M*). Anal. Calcd. for
Cy7H;5NO;: C 72.66 H 5.380 N 4.98. Found: C 72.89 H
5.61N4.72.
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2.3d 3-(p-Methoxyphenylaminomethylene)-2-hydroxy-
chroman-4-one (5d): Yellow crystals; m.p. 120-
123°C; IR (KBr): 3376, 3078, 1672, 1378 cm™!; 'H
NMR (300 MHz, CDCls,): § 3.64 (s, 3H, OCH3;), 6.51
(s, 1H, OH), 6.57 (s, 1H, H-2), 7.09-8.34 (m, 7H,
ArH), 791 (d, J = 10.5Hz, 1H, H-9), 841 d, J =
7.8Hz, C-5), 12.28 (d, J = 10.50Hz, 1H, NH, D,O
exchangeable); MS (ESI-MS): m/z 297.14 (M™). Anal.
Calcd. for CsH;5NO,: C 68.74H 5.09N 4.71. Found:
C 68.50H 4.85N 4.90.

2.3e  3-(p-Nitrophenylaminomethylene)-2-hydroxy-
chroman-4-one (Se): Light yellow crystals; m.p.
170-173°C; IR (KBr): 3184, 1656, 1369cm™!; 'H
NMR (300 MHz, CDCls,): § 5.81 (s, 1H, OH), 6.16 (s,
1H, H-2), 6.64 (d, J = 12.0Hz, 1H, H-9), 6.92-8.27
(m, 7H, ArH), 8.32 (d, / = 8.1 Hz, C-5), 12.21 (d, J =
11.7Hz, 1H, NH, D,0 exchangeable); MS (ESI-MS):
m/z 312.13 (M"). Anal. Calcd. for C;¢H;;N,Os: C
61.54H 3.87N 8.97. Found: C 61.34H 4.10N 9.20.

2.3f 3-(m-Nitrophenylaminomethylene)-2-hydroxy-
chroman-4-one (5f): Yellow solid; m.p. 168-172°C;
IR (KBr): 3410, 3263, 1665, 1343cm™'; 'H NMR
(300 MHz, CDCl;): § 2.80 (s, 1H, OH), 6.17 (s, 1H,

HO

Scheme 1.
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H-2), 6.97 (d, J = 13.5Hz, 1H, H-9), 7.00-8.36 (m,
7H, ArH), 8.89 (d, J = 9.6 Hz, C-5); MS (ESI-MS):
m/z 312.15 (M"). Anal. Caled. for C;¢H;,N,Os: C
85.70H 6.55N 8.27. Found: C 85.24H 6.56 N 8.15.

23g  3-(a-Naphthylaminomethylene)-2-hydroxy-
chroman-4-one (5g): Yellow solid; m.p. 150-153°C;
IR (KBr): 3245, 3099, 1678, 1337cm™!; '"H NMR
(300 MHz CDCly): § 3.55 (s, 1H, OH), 6.52 (s, 1H,
H-2), 7.10-8.35 (m, 10H, ArH), 7.93 (d, / = 10.8 Hz,
1H, H-9), 841 (d, J = 8.1Hz, C-5), 13.75 d, J =
11.1 H, NH, D,O exchangeable); MS (ESI-MS): m/z
317.06 (M™1). Anal. Calcd. for C,y)H;sNO;5: C 75.77H
473N 4.41. Found: C 75.98 H 4.93 N 4.62.

2.3h  3-(p-Hydroxyphenylaminomethylene)-2-hydroxy-
chroman-4-one (Sh): Yellow solid; m.p. 160-162°C;
IR (KBr): 3340, 3220, 3284, 1645, 1362cm™!; 'H
NMR (300 MHz, CDCl3): § 5.57 (s, 1H, OH), 6.66—
7.76 (m, 7TH, ArH), 6.58 (s, 1H, H-2), 8.39 (d, J =
8.1Hz, C-5), 8.84 (d, J = 12.9Hz, 1H, H-9), 11.52(s,
1H, OH), 12.84 (d, J = 12.9, 1H, NH, D,0 exchange-
able); MS (ESI-MS): m/z 283.11 (M*). Anal. Calcd.
for C;cH;3sNO,: C 67.92H 4.63N 4.94. Found: C
68.11 H4.83 N 4.68.

/

Structure of 1, 3, and 4.
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Table 1. Zn [(L)proline], catalysed reaction of 3-formylchromone (Immol) with amines (1mmol) in water.
Time? Yield®
Entry Reactant Product (min) (%)
O_—oH
N—
1 2a X 10 93
CH—NH \ /
(0]
O_-0H
N
2 2b X 10 92
CH—NH% :@
o S
(0] OH
@;g =
3 2¢ = NS - 12 89
CH—NH N/ CHj
(0]
(0] OH
N
4 2d <;[Hj:\CH NH - OCH 15 89
\__/ ’
(0]
O OH
| ~N
5 2e = NS 10 90
CH—NH —NoO,
(0]
O OH
DA
6 2f \%\”/\\CH NH - 15 88
\__/
(0]
O OH
| AN
= NS —
7 2g =N\ / 10 90
O
7\
(0] OH
~
8 2h NS - 12 87
KgiHjiCH—NH \ / —OH
(0]
9 2i 15 87
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Table 1. continued.

Time? Yield®
Entry Reactant Product (min) (%)
O.__OH
i N
10 2 CH_NH© 12 92
o
Reaction progress monitored by TLC. Isolated yield
O Zn[(L)proline],
(10 mol%)
+ Ar—NH,
CHO Water, Reflux
o
1 2a-j
Q- O =0
—N —
2a 2b
2e
2h 2

s

2j 0) OH
-H,0
—_—Xx—> 3
H
C O
O. N
o \Ar
5a-j

Scheme 2. Zn [(L)proline], catalysed synthesis of 4-chromanone derivatives (Sa—j).
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2.31  3-(p-Chlorophenylaminomethylene)-2-hydroxy-
chroman-4-one (5i): Light yellow solid; m.p. 142-
145°C; IR (KBr): 3441, 3267, 1669, 1380cm™!; 'H
NMR (300 MHz, CDCls,): § 4.99 (s, 1H, OH), 5.27
(s, 1H, H-2), 7.19-8.12 (m, 7H, ArH), 8.06 (d, J =
13.8 Hz, 1H, H-9), 8.17 (d, / = 8.1 Hz, C-5), 10.33 (d,
J = 13.8, 1H, NH, D,O exchangeable); MS (ESI-MS):
m/z 301.12 (M*). Anal. Calcd. for C;4H;,NO;Cl: C
63.73 H 3.98 N 4.64. Found: C 63.50H 4.19 N 4.38.

2.3]  3-(Phenylaminomethylene)-2-hydroxy-chroman-
4-one (5j): Yellow solid; m.p. 135-138°C; IR (KBr):
3184, 1653, 1317cm™'; '"H NMR (300 MHz, CDCl5):
8 2.92 (s, 1H, OH), 5.65 (s, 1H, H-2), 6.84-7.66 (m,
7H, ArH), 7.89 (d, J = 7.8Hz, C-5), 834 d, J =
10.8 Hz, 1H, H-9), 11.59 (d, J = 10.5Hz, 1H, NH,
D,O exchangeable); MS (ESI-MS): m/z 267.10 (M™).

l-?a shift

Scheme 3.
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Anal. Calcd. for C;cH;3NOs: C 71.97H 490N 5.04.
Found C 71.75H 5.13 N 5.04.

3. Results and discussion

Chromones usually undergo ring opening reactions via
nucleophilic attack at the C-2 position.*” The reaction
between equimolar quantities of 1 and aromatic amines
(2a—j) affords a mixture of 3 and 4 which are difficult
to separate® (scheme 1). The Schiff base 3, however,
has been obtained when a mixture of 1 and aromatic
amines is refluxed for two to several hours in organic
solvents (benzene/toluene,***° ethanol*' in the pre-
sence of p-toluene-sulphonic acid (PTS) in varied yield
(low to good)). In order to achieve the synthesis of (3)
under green environment, a mixture of (1) and different
aromatic/heteroaromatic amines (2a—j) was refluxed in

Ar
SNt
HO o
1b A
-H,0 -Zn[(L)proline],

o OH
H
i
O- N
= -
B ar

Proposed mechanism for the Zn[(L)proline], complex catalysed synthesis of chromanone derivatives (5a—j).
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water in the presence of Zn[(L)proline],. All the reac-
tions were found to be completed within 10—15 min and
afforded unexpected chromanone derivatives (5a—j) in
excellent yields (87-93%) instead of Schiff base (3)
(table 1, scheme 2). The newly synthesized compounds
were characterized using elemental and spectroscopic
data. Thus, the infrared (IR) spectrum of (5a) displayed
an absorption band at 3355 cm™! and 3280 cm™! due to
the presence of OH and NH groups, respectively. The
absorption bands at 1650 and 1376 cm™' indicated the
presence of C=0 and C-N groups, respectively. The
proton magnetic resonance spectrum ('"H NMR) of the
compound showed the singlet of H-2 proton at 6 5.71.
(The diagnostic singlet for H-2 proton in chromone
appears at § 7.88.%> A downfield doublet integrating for
one proton at § 8.33 (J = 11.4 Hz) was assigned to H-
9 proton. The doublet of H-5 proton appeared at § 7.99
(J = 7.8 Hz). Another downfield doublet discernible at
6 12.09 (J = 11.4 Hz) was assigned to NH proton. The
relatively higher downfield effect on NH proton was
due to intramolecular H-bonding in its Z-configuration.
The remaining three protons of chromanone and four
protons of pyridine moieties were present in the form
of multiplets at § 6.84—7.66. Further confirmation for
the structure was provided by mass spectrum, which
showed M* at m/z 268.15.

The plausible mechanism for the synthesis of (5a—j)
in the presence of Zn [(L)proline], has been depicted in
scheme 3. Zn is capable of binding with the carbonyl
oxygen increasing the reactivity of parent carbonyl
group in 1. Subsequently, formation of imine (1a) with
proline takes place. This is followed by nucleophilic
attack of amines (2a—j) to the imine (1a) to form hydro-
gen bonded adduct (1b). Finally, water as nucleophile
attacks on electrophilic C-2 centre with the expulsion
of Zn[(L)proline], to give the desired 2-hydroxy chro-
manones (5a—j). Further, attempts were made to get (3)
via dehydration of (5a) under different conditions such
as heating in the presence of PTS, Al,O;, H,SO,, P,Os
etc. The dehydration of (5a—j) did not succeed pro-
bably due to the formation of stable hydrogen bonded
keto-amine system* (scheme 2).

Then we studied the efficacy of the catalyst. We
investigated the reaction of 1 with 2-aminopyridine 2a
as model reaction using different Lewis acid catalysts,
different molar ratios of catalyst and different tempe-
ratures. Then, we optimized the reaction conditions by
increasing/decreasing the catalyst loading and tempe-
rature. After systematic screening, we observed that
the best results were obtained when the reactions were
carried out with 10mol% of Zn[(L)proline], in water
at reflux temperature. With amount less than 10 mol%
of the catalyst the reaction either did not complete or
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Table 2. Reaction of 3-formylchromone (1 mmol) with 2-
aminopyridine (1 mmol) in the presence of various catalysts
in water.

Yield®
Entry  Catalyst Temperature ~ Time? (%)
1 Zn[(L)proline],  reflux 10 min 93
2 Zn[(L)proline], .t 6h 46
3 - reflux 10h 42
4 L-proline reflux 50 min 42
5 Zn(0OAc), reflux 8h 15
6 CuSO4 reflux 7h 40
7 CuCl, reflux 5h 40
8 ZnCl, reflux 6h 34
9 AlCl; reflux 6h 35
10 FeCl; reflux 45 min 25

aReaction progress monitored by TLC. Isolated yield

took several hours to complete, whereas increasing the
amount of catalyst more than 10 mol% did not either
increase the product yield or the reaction rate. At room
temperature in the presence of Zn[(L)proline],/H,O and
in the absence of Zn[(L)proline],/H,O at reflux tempe-
rature reaction times were prolonged and yield of the
product was very low (table 2, entries 2 and 3). Further,
we also scrutinized the reaction by employing various
other Lewis acids such as CuSQO,, CuCl,, ZnCl,, AICl;,
Zn(OAc),, L-proline, FeCl;. Data showed that by using
L-proline alone product Sa was obtained within short
reaction time but in very low yields (table 2, entry 4).
In the presence of Zn(OAc),, the reaction was not suc-
cessful, to give any desirable product (table 2, entry 5).
When CuSO,, CuCl, (table 2, entries 6 and 7) were
used to promote the reaction, a mixture of products was
obtained in low yield. Further, the catalysts with high
Lewis acidity such as ZnCl, AICl; and FeCl; failed
to catalyse the reaction efficiently and resulted in poor
yields of the corresponding products (table 2, entries
8, 9, 10). These results confirmed the high catalytic
activity of Zn[(L)proline], in the current synthesis.

Table 3. Recycling study of the Zn [(L)proline], (10
mol%) for the model reaction.?

Catalyst recycle Time (min)® Yield® (%)

I 10 93
II 10 93
I 10 93
v 10 90
v 10 87

#Reaction of 3-formylchromone (1 mmol) with 2-amino-
pyridine (1 mmol) in water.
bReaction progress monitored by TLC. “Isolated yield
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3.1 Recycling study

One of the special properties of Zn[(L)proline], is its
insolubility in organic solvents and solubility in water
which allows simple and quantitative recovery of the
catalyst. The reaction of 3-formylchromone (1) with 2-
aminopyridine (2a) in the presence of Zn[(L)proline],
in water was taken as model reaction for recycling
studies. After completion of reaction in specified time,
by cooling the reaction mixture to room temperature,
the crude product was extracted with dichloromethane
and the catalyst was recovered by separation of aqueous
and organic phases. The catalyst was recovered by pre-
cipitating the aqueous layer by simple addition of ace-
tone and drying at 80°C for 2.5 h. To rule out the pos-
sibility of catalyst leaching, the recovered catalyst was
recycled to promote the model reaction affording the
corresponding products (table 3). The results revealed
that catalyst exhibited excellent catalytic activity up to
three cycles.

4. Conclusion

In conclusion, Zn[(L)proline], is an efficient catalyst for
the preparation of 4-chromanone derivatives by the con-
densation of 3-formylchromone with different aromatic
and heteroaromotic amines. The catalyst showed a
unique class of catalysis in comparison with other cata-
lysts. The reactions using Zn[(L)proline], in water pre-
vented uncontrolled by-products and were easy to han-
dle. The notable advantages of this green methodology
are mild reaction conditions, use of water as solvent,
cleaner reaction profiles, simplicity in operation, excel-
lent yields of the products, faster reaction rates, recycla-
bility of the catalyst with no loss in its activity and zero
discharge to the environment.
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