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A simple, effective, green and nontoxic protocol was used for the Knoevenagel condensation and the
biscoumarin derivatives synthesis. It have demonstrated that the use of a new hybrid crystal as a het-
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1. Introduction

According to the principles of green chemistry, sustainable syn-
thesis routes are highly sought after, not necessarily to maximize
conversions and yields, but rather to minimize energy consump-
tion and waste production [1-2]. In this context, the integration of
catalytic processes played an important role in the chemical and
pharmaceutical industries [3-4]. This interest is due to the cat-
alyzed reactions simplicity, the energy and solvents reduction and
the increase in the product yield.

Generally, the Knoevenagel condensation [5] and the coumarin
synthesis are reactions still frequently applied, in the synthesis
of certain new drugs like: atorvastatin [6], pioglitazone [7] and
MDL 103371 [8]. Moreover, the biscoumarin and their derivatives
are known for their anticancer [9,10], antifungal, anti-thrombotic
[11], anticoagulant [12],anti-HIV[13] antimicrobial and antioxidant
[14] properties. They also used as fluorescent brighteners, effective
laser dyes and additives in food and cosmetics [15-17].
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According to the interesting chemical and physical properties of
biscoumarin derivatives and the Knoevenagel condensation, they
are therefore highly desirable to develop simple, ecological and
cost-effective procedures for the Knoevenagel condensation [18-
26| and the biscoumarin derivatives synthesis [27-35]. Recently,
we continued our interest in using excellent heterogeneous cat-
alysts [36-42] which, we evaluated the catalytic activity of new
hybrid material in the Knoevenagel condensation and the bis-
coumarin derivatives synthesis.

2. Experimental section
2.1. Experimental details

Large-purity chemicals were purchased from Sigma-Aldrich,
Merck, Fluka and Panreac. All materials were of commercial
reagent grade. All reactions were monitored by thin-layer chro-
matography (TLC) on silica gel plates (Fluka Kieselgel 60 F254).
Melting points were taken on a KOFLER hot stage apparatus with-
out any correction. The 3C NMR and 'H NMR spectra were
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recorded on a 300 MHz and 75 MHz Brucker spectrometer in
DMSO-dg.

2.2. General procedure for the preparation of catalyst

Hydrazinium (1+) hexafluorosilicate (N,Hs),SiFg crystal has
been recently synthesized by slow evaporation at room tempera-
ture of aqueous solution containing stoichiometric (2:1) amounts
of hydrazine NH,NH, and H,SiFg acid [43]. The synthesis method
consists to add the H,SiFg acid (Percentage = 34 % in weight) to
the pure NH,;NH, (Percentage = 100 %) dissolved in the minimal
distilled water. The obtained solution was taken under ambient
temperature for evaporation; after few weeks, colorless single crys-
tals suitable to X-ray structure determination were obtained [43].
The reaction equation mechanisms adopted for this synthesis may
be described as the following:

Firstly: NH,NH, (aq) T H,0 — [OH™ (aq) T TNH3NH, (aq)]

Secondly: 2 [OH™(5q) *NH3NH; (5

2.3. General operating mode of Knoevenagel condensation

A mixture of aromatic aldehyde 1 (1 mmol), the active methy-
lene compound 2 (malononitrile, ethyl cyanoacetate or methyl
cyanoacetate) (1 mmol) and (N,Hs),SiFg (0.1 mol %) were stirred
in 2 ml of ethanol at room temperature. The Progress of the reac-
tion was monitored by TLC using n-hexane |/ EtOAc (5:1) as an elu-
ent. After completion of reaction, the dichloromethane was added
to the reaction mixture, the catalyst was recovered by simple fil-
tration and the filtrate was cooled. The obtained solid was filtered
and recrystallized in hot ethanol.

2.4. General operating mode of synthesis of biscoumarin derivatives

A mixture of aromatic aldehyde 1 (1 mmol) and 4-
hydroxycoumarine 4 (2 mmol) in a 50 ml round-bottomed flask,
(NyHs),SiFg (0.2 mol %) was added to 2 ml of ethanol. The reac-
tion mixture was heated at reflux for appropriate time (Table 9).
After completion of the reaction as monitored by TLC. The crude
reaction mixture was dissolved in CH,Cl, and the catalyst was sep-
arated out by a simple filtration. The obtained solid was filtered
and recrystallized from hot ethanol.

All the synthesized products 3a-1 [22] and 5a-f [30,44] are ac-
knowledged and were absolutely characterized by 'H and 13C NMR
and confirmed by comparison of their melting points and their
spectral data with those reported in the literature.

2.5. Spectroscopic characterization data for the selected products

2.5.1. 2-(4-chlorophenylmethylene) malononitrile (3a)

Colorless solid, yield: 96%, mp 160-162 °C (lit. [22] 159-160 °C);
TH NMR (300 MHz, DMSO-dg) 8: 7.67 (d, 2H, ] = 8.7 Hz), 7.92 (d,
2H, ] = 8.7 Hz), 8.49 (s, 1H, C=CH). 13C NMR (75 MHz, DMSO-dg)
8: 160.5, 139.5, 132.5, 131.6, 130.1, 114.4, 113.4, 82.7.

2.5.2. Methyl-3-(4-chlorophenyl)-2-cyanoacrylate (3b)

White solid, yield: 84%, mp 120-121 °C (lit. [22] 120-121 °C);
TH NMR (300 MHz, DMSO-dg) 8: 3.84 (t, 3H, OCH3), 7.65 (d, 2H,
] = 8.4 Hz, ArH), 8.04 (d, 2H, ] = 8.4 Hz, ArH), 8.38 (s, 1H, C=CH).
13C NMR (75 MHz, DMSO-dg) §: 162.5, 154.2, 138.5, 132.5, 130.6,
129.9, 115.8, 103.4, 53.8.

2.5.3. Ethyl-3-(4-chlorophenyl)-2-cyanoacrylate (3c)

Colorless solid, yield: 73%, mp 89-90 °C (lit. [22] 89-90 °C); 1H
NMR (300 MHz, DMSO-dg) 6: 1.28 (t, 3H, ] = 7.2 Hz, CH3), 4.29
(q, 2H, ] = 7.2 Hz, CHy), 7.61 (d, 2H, ] = 8.7 Hz, ArH), 8.00 (d, 2H,
] = 8.7 Hz, ArH), 8.33 (s, 1H, C=CH). 3C NMR (75 MHz, DMSO-dg)
8: 162.0, 154.0, 138.5, 132.8, 130.5, 129.8, 115.7, 103.5, 62.9, 14.3.
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2.5.4. 2-(phenylmethylene) malononitrile (3d)

Colorless solid, yield: 80%, mp 80-81 °C (lit. [22] 80-81 °C); 'H
NMR (300 MHz, DMSO-dg) 8: 7.57-7.70 (m, 3H, ArH), 7.59 (d, 2H,
] = 7.2 Hz, ArH), 8.50 (s, 1H, C=CH). 13C NMR (75 MHz, DMSO-dg)
8: 155.7, 134.8, 131.7, 131.6, 130.9, 129.9, 114.6, 113.5, 82.0.

2.5.5. Methyl-2-cyano-3-phenylacrylate (3e)

White solid, yield: 67%, mp 84-85 °C (lit. [22] 84-85 °C); 'H
NMR (300 MHz, DMSO-dg) §: 3.84 (t, 3H, CH3), 7.54-7.65 (m, 3H,
ArH), 8.03 (d, 2H, ] = 8.4 Hz, ArH), 8.38 (s, 1H, C=CH). 3C NMR
(75 MHz, DMSO-dg) §: 162.8, 155.6, 133.9, 131.7, 131.6, 129.8, 115.0,
102.8, 53.8.

2.5.6. 2-(p-tolylmethylene) malononitrile (3f)
White solid, yield: 82%, mp 118-119 °C (lit. [22] 118-119 °C); 'H
NMR (300 MHz, DMSO-dg) §: 2.37 (s, 3H), 7.38 (d, ] = 8.4 Hz, 2H),

] + HySiFs — (NyHs),SiFs + 2H,07.82 (d, ] = 8.4 Hz, 2H), 8.39 (s, 1H, C=CH). 3C NMR (75 MHg,

DMSO-dg) §: 161.6, 146.1, 131.1, 130.5, 129.1, 114.8, 113.8, 80.3, 21.5.

2.5.7. Ethyl-2-cyano-3-p-tolylacrylate (3g)

White solid, yield: 54%, mp 91-92 °C (lit. [22] 91-92 °C); TH
NMR (300 MHz, DMSO-dg) 8: 1.31 (t, ] = 7.2 Hz, 3H), 2.37 (s, 3H),
434 (q,] = 74 Hz, 2H), 7.79 (d, ] = 7.7 Hz, 2H), 7.90 (d, ] = 7.2 Hz,
2H), 8.05 (s, 1H). 3C NMR (75 MHz, DMSO-dg) §: 163.0, 155.5,
144.9, 1314, 1304, 129.1, 116.2, 101.2, 63.1, 14.3, 21.3.

2.5.8. 2-(4-nitrophenylmethylene) malononitrile (3h)

Yellow solid, yield: 98%, mp 161-162 °C (lit. [22] 160-161 °C);
TH NMR (300 MHz, DMSO-dg) §: 8.11 (d, ] = 8.7 Hz, 2H), 8.29 (d,
] = 8.7 Hz, 2H), 8.67 (s, 1H, C=CH). 13C NMR (75 MHz, DMSO-dg)
8: 159.7, 150.1, 137.1, 131.9, 124.8, 114.0, 112.9, 82.4.

2.5.9. Methyl-2-cyano-3-(4-nitrophenyl) acrylate (3i)

Yellow solid, yield: 87%, mp 172-173 °C (lit. [22] 172-173 °C);
TH NMR (300 MHz, DMSO-dg) §: 3.88 (s, 3H, CH3), 8.19 (d, 2H,
] = 71 Hz, ArH), 8.34 (d, 2H, ] = 7.1 Hz, ArH), 8.48 (s, 1H, C=CH).
13C NMR (75 MHz, DMSO-dg) §: 162.1, 153.1, 149.8, 137.6, 132.1,
131.0, 124.4, 115.1, 107.0, 53.9.

2.5.10. Ethyl-2-cyano-3-(4-nitrophenyl) acrylate (3j)

Yellow solid, yield: 83%, mp 168-169 °C (lit. [22] 168-169 °C);
TH NMR (300 MHz, DMSO-dg) §: 1.28 (t, 3H, ] = 7.2 Hz, CH3), 4.29
(q, 2H, ] = 7.2 Hz, CH,), 7.62 (d, 2H, ] = 8.4 Hz, ArH), 8.02 (d, 2H,
] = 8.4 Hz, ArH), 8.30 (s, 1H, C=CH). 3C NMR (75 MHz, DMSO-dg)
8: 162.0, 154.0, 138.4, 132.8, 130.6, 129.9, 115.8, 103.6, 62.9, 14.4.

2.6. 3,3'-(phenylmethylene)bis(4-hydroxy-2H-chromen-2-one) (5a)

White solid. yield: 95%, mp 233-234 °C (lit. [30] 228-230 °C);
TH NMR (300 MHz, DMSO-dg) 8ppm: 7.93 (1H, s, OH), 7.91-7.16
(13H, m, aromatic H), 6.38 (1H, s, CH), 5.63 (1H, br s, OH). 13C NMR
(75 MHz, DMSO-dg) dppm: 35.95, 104.06, 115.91, 117.99, 123.68,
123.89, 125.51, 126.67, 128.02, 131.83, 140, 152.20, 164.8, 165.39.

2.7. 3,3'-(4-Chlorophenylmethylene )bis-(4-hydroxy-2H-chromen-2-
one) (5b)

White solid. yield: 92%, mp 258-260 °C (lit. [30] 254-256 °C);
1H NMR (300 MHz, DMSO-dg) §ppm: 7.86 (1H, s, OH), 7.83—7.11
(12H, m, aromatic H), 6.27 (1H, s, CH), 5.61 (1H, br s, OH). 13C NMR
(75 MHz, DMSO-dg) Sppm: 35.72, 103.34, 115.61, 119.20, 123.15,
124.03, 127.68, 128.58, 129.56, 131.28, 140.77, 152.41, 164.46,
166.96.
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Fig. 1. The crystal structure view of (NyHs),SiFg with the anions shown as polyhe-
dral.

Fig. 2. Illustration of hydrogen bonds between the hydrazinium (1+) cations and
(SiFg)?~anions in the catalyst.

3. Results and discussion
3.1. Structural and vibrational characterization of the catalyst

The crystal structure of the catalyst, (N,Hs),SiFg, is formed by
the organic (N,Hs),2t cations and the mineral (SiFg)2~ anions,
which are linked together through ionic and hydrogen bonds. In
the present structure, the slightly distorted (SiFg)2~ octahedra (Si-
F distances varying from 1.6777 (4) A to 1.7100 (4) A) are ar-
ranged in wire parallel to the [1 0 0] direction; The hydrazinium
(1+) cations linked together by strong hydrogen bonds N-H---N,
form zigzag chains propagating along the [0 1 0] direction (Fig. 1).
Each fluorine atom of the (SiFg)?~ is linked to two nitrogen atoms
of (N,Hs)* cations through bifurcated or trifurcated N—H..-F hy-
drogen bonds giving rise to three-dimensional network structural
(Fig. 2).
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NC cl
\\ CN
o= CN Cat. (0.3 mol%) _
+ 2 CN

a 2 ml EtOH, r.t

1a Cl

Scheme 1. Model reaction Condensation of p-chlorobenzaldehyde 1a and malonon-
itrile 2a.

3.2. Utilization of hybrid crystal (N,Hs),SiFg catalyst in the
Knoevenagel condensation

Initially, we tested the catalytic capacity of the three hybrid
crystals [NH3(CH2)4NH3SIFGE (C4Sl) or NH3(CH2)6NH3SIFGE (CGSI)
or (NyHs),SiFg= CySi] in the Knoevenagel condensation. Therefore,
we carried out the transformation of parachlorobenzaldehyde 1a
with malononitrile 2a in 2 ml of ethanol at room temperature as a
model reaction (Scheme 1). The results obtained are presented in
Table 1.

This table showed that the desired product 3a is obtained with
an excellent yield by carrying out the model reaction in 2 ml of
ethanol at room temperature in the presence of 0.3 mol% of the
various catalysts that we tested (C4Si or CgSi or CySi). It should
be noted that under similar conditions, but in the absence of a
catalyst, only 54 % of the product 3a is recovered (Table 1, Entry
1), which showed the essential role played by our catalysts. There-
fore, the CySi was the best catalyst with a 90 % yield (Table 1, En-
try 2). After determined the right catalyst (Table 1, Entry 2), we
then compared the catalytic activity of our catalytic support with
calcium carbonate as a conventional base under the same condi-
tions, we found that our catalyst has a very interesting catalytic
activity (Table 1, Entry 2) compared to CaCO5 (Table 1, Entry 5).
Afterward, (NyHs),SiFg = CySi is recovered by filtration and the
filtrate is used as a reaction medium for the model reaction for
3 hours under ambient conditions (Scheme 1). Afterward, the de-
sired product 3a is recovered with the same yield obtained in the
absence of the catalyst (Table 1, Entries 1-6). This result showed
that our catalytic support is a heterogeneous catalyst. Then, we
studied the effect of the solvent by carrying out the model reac-
tion in the presence of 0.3 mol% of catalyst (N,Hs),SiFg in 2 ml of
various organic solvents under ambient conditions. The obtained
results are collated in Table 2. The obtained results showed that
this transformation led only to traces of product 3a in the absence

Table 1
Catalytic test on the model reaction.
Entry  Catalyst Time (min)®  Yield (%)*
1 — 180 54
2 (N3 Hs ), SiFs=CoSi 30 90
3 NH3(CH,)4NH;5SiFs=(C,Si) 30 88
4 NH3(CH,)sNH5SiFs=(CsSi) 30 83
5 CaCo; 60 76
6 recovered solvent 180 54
2 Isolated yields.
b Time reported in min monitored by TLC.
Table 2
Study of the solvent effect on the model reaction.
Entry Solvent (2 ml) Yield (%)
1 EtOH 90
2 MeOH 67
3 CH3CN 13
4 THF 88
5 Solvent-free Trace

2 Isolated yields.
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Table 3
Mass effect of the catalyst in the model reaction.
Entry  (NyHs),SiFs (mol%)  (N,Hs),SiFg(mg)  Yield (%)?
1 0.05 0.1 81
2 0.1 0.2 96
3 0.2 0.41 94
4 0.3 0.63 90
5 0.4 0.83 84
6 0.5 1.04 82
7 0.6 1.24 78

2 Isolated yields.

NC X
+ X (NH5),SiFg (0.1 mol%) Ar\/\ CN
0=\ 2 ml EtOH, r.t, 30-60 min
Ar 3a-j

54-98%
X= CN, CO,Me, CO,Et

Scheme 2. Synthesis of alkenes catalyzed by (N,Hs ),SiFg,

of the solvent (Table 2, Entry 5) and a low yield in the presence
of acetonitrile (Table 2, Entry 3). In addition, we have found that
the reaction is carried out in the presence of methanol and THF
gives good yields (Table 2, Entry 3). Finally, the best result is ob-
tained when the reaction is carried out in ethanol (Table 2, Entry
1).To estimate the optimal quantity of our catalyst required to con-
dense 4-chlorobenzaldehyde with malononitrile in 2 ml of ethanol
at room temperature; we varied the catalyst mass between 0.05 to
0.6 mol%. The obtained results are presented in Table 3. The ta-
ble indicated that the mass 0.1 mol% is the optimal mass for this
transformation (Table 3, Entry 2). Then, we have distinguished that
more the mass of our catalytic support increased, the yield of the
reaction decreased (Table 3, Entries 3-7). Furthermore, we proved
that (N,Hs),SiFg is an excellent catalytic support for the formation
of our product 3a and we will study the range and the versatility
of the process of the optimal conditions found, by the use of the
various aromatic aldehydes, the malononitrile, ethyl cyanoacetate
and methyl cyanoacetate (Scheme 2). The Table 4 showed that the
compounds 3a-j are obtained with a good to excellent yields when
the condensations are carried out at ambient temperature. Appar-
ently, Knoevenagel condensation is not significantly affected by the
nature of the substituent linked to the aryl group of the aldehyde.
To assess the long-term stability of the CySi catalyst, it is recov-
ered by simple filtration, washed with ethanol (2 x 10 mL) and
dried in the oven. The catalyst is reused directly in the next cycle
without further treatment. The efficiency of the recovered catalyst
is measured by carrying out the same model reaction. As observed
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Fig. 3. Reusability of (N;Hs),SiFg in synthesis of product 3a.

H™ N\
nc—

O =— (N,Hy),SiF,

CN
NC
e X Ar
\\(CN
~
. 3a-j
O = (N,Hy),SiFg X
o
\W Ar mo and O = (N;Hy),SiF
Ar

S]
X
H@)XH oH
N A% :(Nsz)zSiF(,
O — (NZHS)ZSiF6

Scheme 3. Mechanism suggested for the Knoevenagel condensation in the presence
of hybrid crystal (N,Hs ),SiFg.

in Fig. 3, it was clear that our catalyst (N,Hs),SiFg was recycled
for five successive cycles without any significant loss of its catalytic
power.

Many methods have been successfully developed for carrying
out the Knoevenagel condensation reaction. The efficiency of our
catalyst was compared with other catalysts cited in the literature.
The results are presented in Table 5. These results demonstrated
that the catalytic capacity of our catalyst is greater than those re-
ported in the literature (short reaction time, excellent yield, mild
reaction conditions). Therefore, we believe that this simple, quick
and efficient method is an improvement over other procedures.

The proposed mechanism of Knoevenagel condensation has
been illustrated in Scheme 3. Firstly, the deprotonation of mal-

Table 4
Knoevenagel condensation in using (N,Hs),SiFg catalyst.
Time Yield

Entry Product Ar X (min)® (%) M.p( °C)/Lit. m.p (°C) [Refs]
1 3a p-ClCgH4 CN 30 96 160-162/158-159 [22]
2 3b CO,Me 30 84 120-121/120-121 [22]
3 3c CO,Et 30 73 89-90/89-90 [22]
4 3d CgHs CN 30 80 80-81/80-81 [22]
5 3e CO,Me 60 67 84-85/84-85 [22]
6 3f p-MeCgH, CN 30 82 118-119/118-119 [22]
7 3g CO,Et 60 54 91-92/91-92 [22]
8 3h p- CN 30 98 161-162/160-161 [22]
9 3i NO,CgHy CO,Me 30 87 172-173/172-173 [22]
10 3j CO,Et 60 83 168-169/168-169 [22]

@ Isolated yields.
b Time reported in min monitored by TLC.
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Table 5
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Comparison of (N,Hs),SiFgwith other catalysts cited in the literature for the Knoevenagel condensation.

Entry  Catalyst Conditions Yield (%)?
1 CaP04,2H,0 0.01 g, 3 mL EtOH, r.t, 10min 80-96 [22]
2 (MAP,DAP, TSP) 0.01 g, 0.01 g et 0.02 g3 mL EtOH, r.t, 25-60min  51-97 [23]
3 PMO-IL-NH, 0.5mol%, solvent free, r.t, 90-180min 88-97 [18]
4 Na,Ca(HPOy), 0.006 g, 3 mL EtOH, t.a, 10-65min 82-99 [24]
5 RhPt@GONPs 0.07 mmol, H,0:MeOH,(1,2),r.t, 8-35min 85-90 [19]
6 ZrKP-MePh 2mol%, solvent free, r.t, 1h 94-96 [20]
7 Fe304 MNPs-OSO3H 10 mg, 3 ml H,0, reflux, 10-145 min 80-97 [45]
8 Clay A, PC-A 100 mg, 3 ml EtOH/ H,0, 40 °C, 5-120 min 21-98 [46]
9 [MML-PDO][OAc] 10 mol%, 1 ml H,0, r.t, 7-600 min 95-99 [47]
10 (N, Hs ), SiFg 0.1 mol%, 2 ml EtOH, r.t, 30-60 min 54-98 (Present work)

2 Isolated yields.

OH
X
2
)
+ 4 Cat. (0,3 mol%)
0

2 ml EtOH, reflux

Scheme 4. Model
hydroxycoumarin 4.

reaction Condensation of benzaldehyde 1a and 4-

Table 6
Studies of the catalytic activity of our catalysts on the syn-
thesis of product 5a.

Time Yield
Entry  Catalyst (min)® (%)
1 — 60 62
2 (NyHs ), SiFg= CoSi 5 )
3 NH3(CH, )4NH;SiFs=(C4Si) 5 73
4 NH,(CH, JsNH;SiFe=(CsSi) 10 65

2 Isolated yields.
b Time reported in min monitored by TLC.

ononitrile by our catalyst. Next, the activation of the aldehyde car-
bonyl group also the ease of formation of the C-C bond. After, the
intermediate (I) then undergoes a proton exchange, deprotonation
and dehydration, allowing the condensation of the products 3a-j
and regeneration of our catalyst.

3.3. Utilization of hybrid crystal (N,Hs),SiFg catalyst in the synthesis
of biscoumarin derivatives

To study and improve the catalytic activity of our catalysts in
the synthesis of biscoumarin derivatives, we chose the condensa-
tion of benzaldehyde 1a and 4-hydroxycoumarins 4 in 2 mL of
ethanol at reflux. This reaction is considered as a model reaction
(Scheme 4). The obtained results are collated in Table 6. Accord-
ing to the obtained results, we find that in the absence of catalyst,
gave a small amount of product in a slow time (Table 6, Entry 1).
On the other hand, the same reaction was carried out in the pres-
ence of our catalysts (CySi, C4Si, CgSi) leads to the desired product
5a with yields of 90 %, 73 % and 65 % respectively (Table 6, Entries
2-4). Then, the suitable catalyst for this reaction was (N,Hjs),SiFg
(Table 6, Entry 2). After determining the right catalyst for this re-
action, we carried out the model reaction in 2 mL of different sol-
vents such as polar protic solvents (Ethanol, Methanol and Wa-
ter), polar aprotic solvents (Acetonitrile) and without solvent in the
presence of 0.3 mol% of (NyHs),SiFg at reflux. The Table 7 showed
that the desired product 5a is obtained with moderate yields when

Table 7
Effect of solvent on the synthesis of product 5a.
Entry  Solvent (2 ml)  Time (min)®  Yield (%)
1 EtOH 5 90
2 MeOH 5 80
3 CH3CN 6 Trace
4 H,0 15 60
5 Solvent-free 20 50

2 Isolated yields.
b Time reported in min monitored by TLC.

Table 8
Mass effect on the formation of product 5a.

Entry (N Hs ), SiFg(mol%) (NyHs),SiFs(mg)  Time (min)® Yield (%)*

1 0.1 0.2 3 84
2 0.2 0.41 3 95
3 0.3 0.63 5 90
4 0.4 0.83 5 88
5 0.5 1.04 5 80
6 0.6 1.24 7 75

2 Isolated yields.
b Time reported in min monitored by TLC.

OH
2
o Yo
+ (N,H5),SiF (0.2mol%)
o=
jAr 2 ml EtOH, reflux, 2-15 min
5a-f
83-99%

Scheme 5. Synthesis of the biscoumarin derivatives catalyzed by (N,Hs ), SiFs.

the reaction is carried out in polar aprotic solvents (Table 7, Entries
1-2). However, the same transformation carried out in acetonitrile
leads to traces of product 5a (Table 7, Entry 3). Therefore, we find
that the optimal solvent for this synthesis is ethanol (Table 7, En-
try 1). To predict the ideal mass for this transformation, we studied
the evolution of the model reaction yield as a function of the cata-
lyst mass by varying the mass from 0.1 to 0.6 mol%. The reactions
are carried out in 2 ml of ethanol at reflux. The present results in
Table 8 showed that the quantity of product increased with the in-
crease in the catalysis mass and became maximum for a mass of
0.2 mol% (Table 8, Entries 2-6), beyond this value, considered as
a limit, the conversion rate of the reactants decreased. Ultimately,
we retained 0.2 mol% of the maximum mass of the catalyst to be
used, since this mass corresponds to the optimal yield of the reac-
tion (Table 8, Entry 2). Encouraged by the remarkable results ob-
tained and to justify the catalytic activity of our catalyst, we have
studied the generalization of this method by the use of different
aromatic aldehydes (Scheme 5). Therefore, a series of substituted
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Scheme 6. A plausible Mechanism for the synthesis of biscoumarin derivatives catalyzed by (NHs)SiFe,

Table 9
Synthesis of the biscoumarin derivatives catalyst by (N,Hs),SiFg below reflux con-
ditions.
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Table 10
Comparison of (N,Hs),SiFg with other catalyst reported in the literature for the syn-
thesis of biscoumarin derivatives.

Time Yield

Entry Product Ar (min)®  (%)*  M.p (°C)/Lit.m.p (°C) [Refs] Entry Catalyst Conditions Yield (%)*
1 5a CgHs 3 95 233-234/228-230 [30] 1 MISA 15mol%, H,0, 80 °C, 12-46min 77-95 [27]
2 5b p-ClC¢Hy 2 92 258-260/254-256 [30] 2 P4VP-CuO 20 mg,5 mL H;0, reflux, 15-60min 80-93 [28]
3 5¢ p-MeCgH, 8 96  241-244[242-244 [30] 3 OBS 50mol%, H,0:EtOH 2/0.1 mL, reflux, 74-91 [29]
4 5d p-NO,CgHy 15 93 238-240/232-234 [30] 20-50min

5 5e p-N(Me),CsHy 2 99  222-224/216-218 [44] 4 Zn(0Ac), 0.1 mmol, H,0, 100 °C, 15-30min  93-98 [30]
6 5f Furfural 5 83 202-204/198-200 [30] 5 APVPB 7 mg,sans solvent,70 °C ,10-20 min 86-94 [33]
- - 6 Zn3(P04),-4H,0 6 mg, 2 ml H,0, 70 °C, 15-32min ~ 81-84 [35]

Isolated yields. 7 (N;Hs),SiF;  0.2mol%, 2 mL EtOH, reflux, 2-15 83-99

b Time reported in min monitored by TLC.
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Fig. 4. Recyclability of the catalyst forthe synthesis of 5a.

biscoumarins has been produced with a good to excellent yields
and the results are collated in Table 9. After the first reaction, the
catalyst was completely recovered, washed with dichloromethane,
dried at 70 °C. This catalyst was reused in a new catalytic cycle
under the same model reaction conditions. The results are collated
in Fig. 4. Analysis of these results, allows us to conclude that our
catalyst can be recycled and reused up to 5th time without any
significant loss of its catalytic activity. Indeed, the obtained yields

min (Present work)

2 [solated yields.

from this transformation were quantitative and remain almost un-
changed depending on the number of reuse cycles. To show the
merit of our work compared to those reported in the literature,
we compared the results obtained by the hybrid single crystal with
other catalysts in the synthesis of biscoumarin derivatives. From
the results of Table 10, it can be seen that among all the exam-
ples of the catalysts, we find that our catalytic system was the
most efficient from the point of view of short time and high ef-
ficiency. Moreover, our catalyst was easy to handle, very available,
low cost and nontoxic. The offered mechanism for the formation
of biscoumarin derivatives in the presence of (N,Hs),SiFg as a cat-
alyst is illustrated in Scheme 6. This proposition has already been
mentioned in the literature [35,48-50]. Initially, our catalytic sup-
port (N,Hs),SiFg is activated the carbonyl group of substituted aro-
matic aldehyde which then reacts with 4-hydroxycoumarin to form
the intermediate (I) by eliminating the molecule from the water
obtained, the intermediary (II). Subsequently, the catalyst-activated
4-hydroxycoumarin (N,Hs),SiFg unplanned an addition transfor-
mation of the Michael variety vis-a-vis the intermediate (II). Fi-
nally, the formation of biscoumarin derivatives (5a-f).

4. Conclusion

In this work we have developed an efficient, very simple and
environmentally friendly protocol for the synthesis of alkenes and
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the synthesis of biscoumarin derivatives in the presence of our
catalytic support (N,Hs),SiFg under green conditions. The present
method has several advantages such as operational simplicity, easy
treatment, reuse of the catalyst repeatedly without significant loss
of reactivity as well as the formation of the desired products pure
with good to excellent yields and very short reaction times.
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