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Introduction

The use of homogeneous acidic catalysts such as
H,S04, HCl, CH3COOH, or H3PO4 has some major
limitations, including the difficulty of catalyst
separation from the reaction medium, volatility,
toxicity, and therefore incompatibility with the
environment. Therefore, nowadays, the use of
recyclable, nontoxic, cheap, and easy to handle
heterogeneous catalysts is of great interest to
organic chemists [1-6]. Due to the low specific
surface area of the bulk heterogeneous catalysts,
immobilization of heterogeneous catalysts on the
surface of a solid support with high surface area
such as graphene oxide (GO) nanosheets has
attracted a great deal of attention in recent years
[7-10]. GO is usually prepared from graphite
powder [11]. Although this nanomaterial can be
directly used as a low-cost carbocatalyst to
facilitate various organic transformations [12-
15], it has been considered more support for
homogeneous and heterogeneous catalysts [16-
22]. Several methods have been developed for
attachment of functional groups on GO surface by
covalent linkage or noncovalent interaction [23-
28]. A number of applications in solar cells [29],
dyes [30], and also as effective catalysts [31-33]
have been reported for the functionalized GO-
based materials.

Pyrans and tetrahydrobenzo[b]pyrans are
important heterocycles with lots of natural cases,
as well as synthetic derivatives, and have an
outstanding position in medicinal chemistry.
They are cited as active oxygen heterocycles
having significant antiproliferative, antibacterial,
antianaphylactin, anticoagulant, anticancer,
diuretic, and spasmolytic activities [34-40]. A
number of them are utilized as photoactive
compounds [41] or found in the structure of

natural products [42].
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Tetrahydrobenzo[b]pyrans are synthesized by
the one-pot reaction of dimedone with an aryl
aldehyde using various
promoting agents such as I, [43], piperazine [44],
PhB(OH). [45], tetra(n-butyl)ammonium
bromide (TBAB) [46], nanomixed metal oxides

[47], DABCO-based ionic liquid [48], rare-earth
perfluorooctanoate [RE(PFO)3] [49],
MnFe,0,@Si0,@NHPhNH;-phosphotungstic acid
[50], NFS-PWA [51], NazCaP;0; [52], FSM-
16/AEPC-SOzH [53], KF/Al;03 under ultrasound
[54], NaBr wunder microwave
irradiation [55], 2,2,2-trifluoroethanol (TFE)
[56], Na;Se04 [57], and basic ionic liquid [58].
Some of these methodologies, however, may
suffer from certain drawbacks such as the use of
relatively expensive catalysts, toxic solvents,
lengthy reaction times, or unsatisfactory yields.
Therefore, the introducing of a new effective
catalyst is highly demanding for the preparation
of tetrahydrobenzo[b]pyrans which surpass
those limitations.

Very recently, a new nanocatalyst containing
H2PW 12040 (HzPW), shown as GO-SiC3-NHs-
H,PW, was synthesized by linking of 3-
aminopropyltriethoxysilane  (APTS) GO
followed by reaction with phosphotungstic acid
(H3PW12040, marked as H3PW), and identified in
our group (Scheme 1). This new reusable
nanocatalyst was used to the
amidoalkyl naphthols, demonstrating a high level
of catalytic activity [59]. In this vein, and in line
with our interest in catalysis and heterocycles
[60-69], in the present study we report another
application of GO-SiC3-NH3z-H,PW the
synthesis of tetrahydrobenzo[b]pyrans 4a-1 by
the reaction of dimedone 1, aryl aldehydes 2a-],
and malononitrile 3 in water as a green medium
(Scheme 2).
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Scheme 1. Preparation of GO-SiC3-NH3-H,PW nanosheets
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Scheme 2. Synthesis of tetrahydrobenzo[b]pyrans using GO-SiC3-NH3z-H,PW

Experimental

A Stuart SMP3 apparatus was applied for
recording of the Melting points. The FT-IR
spectra using KBr disks were obtained on a
27 spectrophotometer.
Ultrasonication was done with a Soltec sonicator
at 40 kHz frequency and 260 W powers. The 'H
NMR (300 MHz) spectra were recorded with
Bruker 300 FT spectrometer in DMSO-de¢ as
solvent.

Tensor Bruker

Preparation of GO-SiC3-NH3-H:PW

The catalyst was synthesized by linking of APTS
on GO followed by interaction with H3zPW
according to the literature [59].

Synthesis of tetrahydrobenzo[b]pyrans 4a-l

catalyzed by GO-SiC3-NH3-H:PW

A mixture of dimedone 1 (1.0 mmol), an aryl
aldehyde 2a-1 (1.0 mmol), malononitrile 3 (1.0
mmol), and GO-SiC3-NH3-H,PW (0.07 g) in water
(5 mL) was refluxed for 4-15 min. After
completion of the reaction, the catalyst was
separated by hot filtration. The filtrate was
cooled and the obtained solid was collected by
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filtration and crystallized from 96% ethanol to
give compounds 4a-l in high yields.

Selected spectral data

Compound 4a. 'H NMR (8, ppm): 0.97 (s, 3H,
CHs), 1.05 (s, 3H, CH3), 2.12 (d, J = 16.0 Hz, 1H,
CHy), 2.27 (d, ] = 16.0 Hz, 1H, CHy), 2.45-2.60 (m,
2H, CH: overlapped with solvent), 4.22 (s, 1H,
CH), 7.08 (s, 2H, NHz), 7.20 (d, J = 8.0 Hz, 2H, Har),
7.37 (d, ] = 8.0 Hz, 2H, Ha); FT-IR (v, cm1): 3394
and 3204 (NHy), 2192 (CN), 1664 (C=0).

Compound 4d. H NMR (§, ppm): 0.98 (s, 3H,
CHs), 1.05 (s, 3H, CHs), 2.15 (d, J = 16.0 Hz, 1H,
CH2), 2.28 (d, J = 16.0 Hz, 1H, CHy), 2.48-2.58 (m,
2H, CH: overlapped with solvent), 4.26 (s, 1H,
CH), 7.13 (s, 2H, NHy), 7.18-7.45 (m, 4H, Ha,); FT-
IR (v, cm1): 3434 and 3166 (NHz), 2192 (CN),
1669 (C=0).

Compound 4g. 'H NMR (§, ppm): 0.97 (s, 3H,
CHs), 1.05 (s, 3H, CH3), 2.11 (d, J = 16.0 Hz, 1H,
CHy), 2.27 (d, ] = 16.0 Hz, 1H, CHy), 2.45-2.55 (m,
2H, CH: overlapped with solvent), 3.73 (s, 3H,
OCH3s), 4.16 (s, 1H, CH), 6.86 (d, /] = 8.6 Hz, 2H,
Har), 6.98 (s, 2H, NHy), 7.09 (d, J = 8.6 Hz, 2H,
Har); FT-IR (v, cm1): 3433 and 3170 (NHy), 2192
(CN), 1659 (C=0).
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Compound 4j. *H NMR (§, ppm): 0.90 (s, 3H,
CHs), 1.03 (s, 3H, CHs), 2.03 (d, / = 16.1 Hz, 1H,
CHy), 2.23 (d, J = 16.1 Hz, 1H, CH>), 2.40-2.60 (m,
2H, CH; overlapped with solvent), 4.98 (s, 1H,
CH), 7.22 (s, 2H, NH3), 7.35-7.47 (m, 2H, Ha/),
7.67 (td, ] = 7.5, 1.1 Hz, 1H, Ha), 7.83 (dd, J = 8.1,
1.1 Hz, 1H, Ha); FT-IR (v, cm1): 3375 and 3194
(NH2), 2193 (CN), 1659 (C=0).

Compound 41. *H NMR (§, ppm): 0.98 (s, 3H,
CHs), 1.06 (s, 3H, CH3), 2.13 (d, / = 16.0 Hz, 1H,
CHy), 2.29 (d, ] = 16.0 Hz, 1H, CHy), 2.50-2.60 (m,
2H, CH; overlapped with solvent), 4.39 (s, 1H,
CH), 7.20 (s, 2H, NHz), 7.47 (d, ] = 8.7 Hz, 2H, Ha:),
8.19 (d, J = 8.7 Hz, 2H, Ha); FT-IR (v, cm-1): 3348
and 3196 (NH3), 2194 (CN), 1652 (C=0).

Results and Discussion

After preparation of GO-SiC3;-NHs3-H,PW [59],
the activity of this catalyst was evaluated in the
synthesis of tetrahydrobenzo[b]pyrans. Initially,
the reaction of dimedone 1 (1.0 mmol), 4-
chlorobenzaldehyde 2a (1.0 mmol),
malononitrile 3 (1.0 mmol) for the preparation of
compound 4a in the absence or presence of GO-
SiC3-NH3-H2PW were chosen as a test reaction to
determine appropriate conditions. Considering
the unique properties of water such as the large
surface tension, the network of hydrogen bonds,
polarity, the absence of inflammability, low cost,
and availability [70,71], we firstly decided to
investigate the efficiency of GO-SiC3-NH3-H,PW in
the test reaction in water as a solvent in different
catalyst amounts and temperatures. The results
are demonstrated in Table 1. A blank, no catalyst,
reaction in refluxing water (entry 1) did not lead
to a considerable yield of the product 4a,
indicating the necessary of the catalyst for the
reaction. Interestingly, it was observed that the
GO-SiC3-NH3-H2PW catalyst was highly efficient,
and 0.07 g of it in refluxing water was sufficient
to give the product in high yield over short time
(entry 11). However, further increasing the
catalyst amount had no significant effect on the

and
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product yield and reaction time. On the other
hand, the compound 4a can be obtained in low to
high yields in EtOH, MeOH, CHsCN, CHCl3;, and
CH2Cl; and also under solvent-free conditions.
Although there was no considerable difference in
the product yield between the use of H,O and
EtOH as solvent (entries 11 and 13), the reaction
time was shorter in H;0. Therefore, H,0 was
selected as a solvent in all subsequent reactions
because of the advantages mentioned above. It
should be noted that water plays a critical role in
accelerating the rate of a large number of organic
[72]. In this reaction, however,
formation of the intermediates becomes easier
probably due to the water's high polarity.

For comparison, the effect of GO and GO-SiCs-
NH; was also studied in the optimized model
reaction. As seen in Table 1 (entries 19 and 20),
GO-SiC3-NH3-H,PW showed to be a better
catalyst compared with that of the GO and GO-
SiC3-NHz in both reaction time and yield.
Furthermore, the heterogeneous nature of GO-
SiC3-NH3-H2PW was investigated by hot filtration
test on the optimized model reaction. Thus, a
mixture of GO-SiC3-NH3-H,PW (0.07 g), dimedone
1 (1.0 mmol), 4-chlorobenzaldehyde 2a (1.0
mmol), and malononitrile 3 (1.0 mmol) was
heated in water under reflux. After 4 min (50%
conversion), the catalyst was isolated by hot
filtration. The filtrate was heated for additional 4
min. The reaction's monitoring
further formation of the product and so no
leaching of GO-SiC3-NH3-H2PW occurred during
the reaction and GO-SiC3-NH3-H.PW
heterogeneous in nature.

By considering the optimized conditions and
the scope of this methodology, a range of
substituted aryl aldehydes undergo reaction with
dimedone 1 and malononitrile 3 under optimized
conditions to afford 2-amino-4-aryl-3-cyano-7,7-
dimethyl-5-o0x0-5,6,7,8-4H-
tetrahydrobenzo[b]pyran derivatives (Table 2).
As demonstrated in Table 2, the reaction is

reactions

revealed no

is

effective with diverse electron-rich and electron-
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poor aryl aldehydes. Although the type of aryl be expected. Therefore the GO-SiC3-NH3-H,PW
aldehyde had no notable effect on the reaction, was found to be an effective catalyst in this
the electron-poor aryl aldehydes reacted faster, methodology.

giving the higher yields of the products, as would

Table 1. Optimization of conditions for the preparation of compound 4a“

Entry Catalyst (g) Solvent T (°C) Time (min)  Isolated Yield (%)
i H,0 Reflux 100 Trace
2 GO-SiC3-NH3-H2PW (0.03) H,0 50 50 44
3 GO-SiC3-NHs-H2PW (0.03) H>0 Reflux 20 75
4 GO-SiC3-NHs-H2PW (0.04) H>0 50 45 49
5 GO-SiC3-NH3-H2PW (0.04) H0 Reflux 15 80
6 GO-SiC3-NH3-H2PW (0.05) H0 50 45 52
7 GO-SiC3-NHs-H2PW (0.05) H>0 Reflux 15 86
8 GO-SiC3-NHs-H2PW (0.06) H>0 50 40 55
9 GO-SiC3-NH3-H2PW (0.06) Hz0 Reflux 12 90
10 GO-SiC3-NH3-H2PW (0.07) H-0 50 40 61
11 GO-SiC3-NHs-H2PW (0.07) H>0 Reflux 8 97
12 GO-SiC3-NHs-H2PW (0.08) Hz0 Reflux 10 97
13 GO-SiC3-NH3-H2PW (0.07) EtOH Reflux 15 95
14 GO-SiC3-NH3-H2PW (0.07) MeOH Reflux 30 82
15 GO-SiC3-NHs-H2PW (0.07) CH3CN Reflux 45 54
16 GO-SiC3-NHs-H2PW (0.07) CHCl3 Reflux 50 41
17 GO-SiC3-NH3-H2PW (0.07) CH2Cl2 Reflux 50 45
18 GO-SiCs-NH3-HPW (0.07)  ----- 100 60 51
19 GO (0.07) Hz0 Reflux 60 41

20 GO-SiC3-NH; (0.07) H,0 Reflux 90 39

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

Table 2. Synthesis of tetrahydrobenzo[b]pyrans 4a-1 catalyzed by GO-SiC3-NH3-H,PW¢

Time Isolated

Entr Ar Product m.p. (°C

y (min) Yields (%) P-(°0)

1 4-ClCe¢Ha4 8 97 210-212

2 2-ClCe¢Ha4 10 89 217-218

3 4-BrCeH, wl T T 8 91 215-217
4c
e

4 3-BrCsHs v L 10 90 228-230
4d
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5 4-FCeHa
6 CeHs

7 4-MeOCeHa
8 4-MeCeHa
9 2-Thienyl
10 2-02NC¢H4
11 3-02NC¢H4
12 4-0;NCeHa

6 93 188-190
10 90 229-231
15 88 201-203
12 88 216-218
10 90 222-224
8 90 232-234
7 92 212-215
4 98 181-182

aReaction conditions: dimedone (1.0 mmol), an aryl aldehyde (1.0 mmol), malononitrile (1.0 mmol), GO-SiC3-

NH3-H2PW (0.07 g), H20, reflux.

The efficiency of the catalyst GO-SiC3-NH3-H,PW
was compared with other methods of synthesis
of tetrahydrobenzo[b]pyrans (Table 3). The
results revealed that the current methodology
provided high yields of the products in shorter
times than the others. On the other hand, as seen
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in Table 3, although organic solvents have been
used in most cases, in the current method, the
reactions are done in water as a green solvent
and so operate under environmentally friendly
conditions.
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Table 3. Comparison of different catalysts in the synthesis of tetrahydrobenzo[b]pyrans

Catal Conditions Time Yield Ref
atalyst Solvent T (°C) Other (min) (%) e
I DMSO 120 ---- 180-240 80-92 [43]
: . Ball-milling
Piperazine -—-- r.t. at 20-25 Ha 20-120 88-96 [44]
PhB(OH): EtOH/H:0  reflux 30 61-88 [45]
TBAB EtOH reflux -—-- 20-140 87-95 [46]
Nano mixed metal EtOH  reflux 3545  90-94 [47]
oxides
DABCOl;Ef‘Ifgd oM EtOH/H,0  reflux 12-45  85-95 [48]
[RE(PFO)3] EtOH 60 240-480  80-90 [49]
MnFe;04@Si0,@NHPh
NH:-phosphotungstic - 80 ---- 25-35 86-95 [50]
acid
NFS-PWA EtOH reflux 5-45 80-95 [51]
Na;CaP;07 H,0 reflux 10-15 86-95 [52]
FSM-16/AEPC-SOsH ~ EtOH/H,0 80 25-240  62-89 [53]
KF/Al;O3 EtOH 27-34  Ultrasound 20-240 81-98 [54]
NaBr 70-85  Microwave 10-15 80-95 [55]
TFE TFE reflux 300 80-95 [56]
NazSeO4 EtOH/H,0  reflux 40-210 80-98 [57]
Basic ionic liquid EtOH/H20  reflux ---- 5-240 50-94 [58]
GO-SiC3-NH3z-H,PW H,0 Reflux - 4-15 88-98 This work

The recovery of recycled GO-SiC3;-NHs3-H,PW
was also explored in the synthesis of compound
4a. After completing the reaction, the catalyst
was easily recovered by hot filtration of the
reaction mixture and directly reused for the next

turn after washing with hot ethanol and dried at
70 °C under vacuum for 2 h. As shown in Figure
1, the catalyst could be used five times without
considerable decrease in activity.

99 .
97 -
o5 |

o3 |

Yield (%)

91 {1

89

87 R

Reaction cycles

Figure 1. Reusability of GO-SiC3-NH3-H2PW for the synthesis of compound 4a

aldehydes 2a-1 and malononitrile 3 which then
reacts with enol intermediate [II], obtained by

At the end, a plausible pathway can be
considered as shown in Scheme 3. The olefin [I]
condensation of aromatic

is obtained by tautomerization of dimedone 1, to afford the
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intermediate [III]. The later intermediate was
then cyclized to give the final products 4a-1
through the intermediate [IV]. The catalyst GO-
SiC3-NH3-H2PW = Cat. assists the formation of

Me@
Me

Cat.

— Me

' 11
Cat.

"
——> Me
;?\O ;

the intermediates; however, of the
intermediates could be isolated under the
reaction conditions.

none

CN Cat. CN
i - )k <
CN

4a-l v

Scheme 3. Plausible pathway for the formation of tetrahydrobenzo[b]pyrans using GO-SiC3-NH3-H,PW

= (Cat. as catalyst
Conclusion

In this work, the reaction of dimedone, aryl
aldehydes, and malononitrile was effectively
catalyzed by newly prepared GO-SiC3-NH3z-H,PW
in water as green solvent at reflux temperature,
producing the tetrahydrobenzo[b]pyrans in 88-
98% yields over 4-15 min. Electron-poor
aldehydes reacted slightly faster and gave the
products high yields. Furthermore, the catalyst
could be simply recovered, and used five times
without a significant decrease in the activity (97,
96, 95, 95, and 94 in first to fifth use,
respectively). The method was also found to be
advantageous as it was done in water, operating
under environmentally friendly conditions.
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