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Abstract

A novel, heterogeneous and homogeneous basic nanocatalysts were synthesized by grafting of lithium and cesium on zagro-
sian natural asphalt sulfonate (Li/Cs-Zagronas). The activity of these catalysts was examined in the Claisen—Schmidt and
Knoevenagel condensations under mild reaction conditions. Li/Cs-Zagronas were characterized by FT-IR spectroscopy,
scanning electron microscopy, X-ray diffraction, energy-dispersive spectroscopy, inductively coupled plasma and thermo-
gravimetric analysis techniques. These nanocatalysts were removed by simple filtration and reused several times without

any deterioration of activity.
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Introduction

In recent decades, carbon nanomaterials have attracted sig-
nificant attention for use as catalyst substrate due to their
unique surface chemistry, large specific surface area, low
cost and chemical stability. Today, many substrates such as
SBA-15, [1, 2] graphite [3], alumina, [4—7] zeolites [8—10]
and silica gel [11, 12] have been used to immobilization
variety alkali metals such as Cs,[13—15] K [16] and Li [17],
but many of them require expensive material, a lot of time
and tedious conditions for preparation.

The alkali metals are always used as promoter to increase
the catalytic activity and lengthen the lifetime of the catalyst.
The dispersion of alkali metals on the catalyst substrates has
made it easier to investigate the catalytic activity of these
elements. Among the alkali metals, lithium and cesium
compounds due to their special properties such as conduc-
tion and thermal conductivity are used in many industrial
processes [18-20].
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In the previous works, we were able to the successful
grafting of copper and potassium on natural asphalt and
study of their catalytic properties [21-23]. Therefore, we
were encouraged to grafting other metals including lithium
and cesium on the same substrate and were studied their
catalytic properties.

Natural asphalt is a shiny black solid hydrocarbon and a
type of asphalt that easily turns into a dark brown powder.
Due to the fact that natural asphalt is a natural and non-
toxic substance, its use is increasing. But no studies have
been conducted yet on the application of natural asphalt as
a catalyst in organic reactions.

Natural asphalt with large specific surface area, excellent
stability and high carbon contents is beneficial for use as
catalyst substrate in the organic reactions.

The nature of functional groups on the surface of the
natural asphalt, particularly carbon—carbon double bonds
in aromatic and heteroaromatic rings, vinyl and hydroxyl
groups can act as anchoring sites in the preparation of sup-
ported catalysts. These nanocatalysts have the advantages
such as easy preparation and separation, available and inex-
pensive materials in comparison with other catalysts.

Claisen—Schmidt and Knoevenagel condensations are
well-known strategy for carbon—carbon bond formation in
organic synthesis [24, 25], because Claisen—Schmidt and
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Knoevenagel products play an essential role in the synthesis
of remedial drugs [26], natural products [27, 28], heterocy-
clic compounds [29, 30] and functional polymers [31].
Herein, we reported synthesis of natural asphalt sulfonate
supported with Li/ Cs as a novel, recyclable and environ-
mentally friendly catalysts for the Claisen—Schmidt and
Knoevenagel condensations in the green and mild conditions
under solvent-free and use of ethanol at room temperature.

Experimental
Materials and apparatus

All reagents and solvents were purchased from Merck,
Sigma-Aldrich and Fluka Companies and natural asphalt
from the Kimia bitumen Zagros Cooperative, Iran. All the
known compounds were identified by comparing their melt-
ing points and/or spectral data to those reported in the lit-
erature. The reactions were monitored using TLC on silica-
gel Polygram SILG/UV254 plates. Proton nuclear magnetic
resonance (‘"H NMR) spectroscopy was also performed on
Bruker AVANCE DPX-400 and DPX-500 spectrometers.
Chemical shifts were reported in ppm relative to TMS as
the internal standard. Fourier-transform infrared spectros-
copy (FT-IR) was performed using FT-IR-8300 spectrom-
eter made by Shimadzu. The morphology of the catalyst
was examined by performing scanning electron micros-
copy (SEM) using Mira 3-XMU. The elemental compo-
sition was determined using EDS and Mira 3-XMU. The
exacted amount of Li and Cs in the catalyst was determined
by inductively coupled plasma (ICP) using VISTA-PRO,
Australia. X-ray diffraction (XRD) was investigated using
a Holland Philips X, and the thermogravimetric analysis
(TGA) curve was recorded using a PL-STA 1500 device
manufactured by Thermal Sciences.

Catalyst preparation

Preparation of lithium-zagrosian natural asphalt sulfonate
(Li-Zagronas)

First, zagrosian natural asphalt sulfonate (Zagronas) was
prepared via sulfonation of zagrosian natural asphalt in
the presence of concentrated sulfuric acid according to the
recently reported procedure [21]. In the next step, a mix-
ture of zagrosian natural asphalt sulfonate (0.5 g), lithium
metal (0.32 g) in water (10 mL) was stirred for 120 min at
room temperature. Then, the solvent was evaporated and
lithium-zagrosian natural asphalt sulfonate (Li-Zagronas)
was obtained by being dried at 100 °C in oven (Scheme 1).
Li-Zagronas was characterized by FT-IR, SEM, XRD, TGA
and ICP techniques.

Preparation of cesium-zagrosian natural asphalt sulfonate
(Cs-Zagronas)

To prepare cesium-zagrosian natural asphalt sulfonate
(Cs-Zagronas), an aqueous cesium carbonate10% (10 mL)
was added to the Zagronas (0.5 g) and was stirred at room
temperature for 1 h. Then, the water was evaporated and
cesium-zagrosian natural asphalt sulfonate (Cs-Zagronas)
was obtained after drying at 100 °C in oven (Scheme 1). This
catalyst was characterized by FT-IR, SEM, EDS, XRD, TGA
and ICP techniques.

General procedure for Claisen-Schmidt
condensation catalyzed by Li-Zagronas
or Cs-Zagronas

A mixture of ketones (1 mmol), benzaldehyde derivatives
(1 mmol) and Li-Zagronas or Cs-Zagronas (15 mg) in
ethanol (2.0 mL) was stirred at room temperature until the
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reaction was completed. After completion of the reaction,
the reaction mixture was cooled to room temperature and the
catalyst was separated by filtration and cold water (1 mL)
was added to the reaction mixture. Finally, the products were
obtained through simple filtration and recrystallization with
ethanol and water.

General procedure for Knoevenagel condensation
catalyzed by Li-Zagronas

A reaction mixture containing benzaldehyde derivatives
(1 mmol), activated methylene compounds (1 mmol) and
Li-Zagronas (15 mg) in ethanol (2.0 mL) as solvent was
stirred at 80 °C. When the reaction was completed, the cata-
lyst was separated using filtration and cold water (1 mL) was
added to the reaction mixture to yield the products. Finally,
the pure products were obtained through recrystallization
with ethanol and water.

General procedure for Knoevenagel condensation
catalyzed by Cs-Zagronas

Cs-Zagronas (15 mg) was stirred with of activated meth-
ylene compounds (1 mmol) and benzaldehyde derivatives
(1 mmol) at room temperature for appropriate time. After
completion of the reaction, ethanol (2.0 mL) was added to
the reaction mixture. Then, the catalyst was separated using
filtration and cold water (1 mL) was added to the reaction
mixture to yield the products. The crude products were puri-
fied using recrystallization with ethanol and water.

Selected spectral data

(E)-3-(4-chlorophenyl)-1-(p-tolyl)prop-2-en-1-one
IR (KBr) (v, /cm™!): 1406-1603 (Ar), 1656 (CO),
2850-2900(CH).'H NMR (400 MHz, CDCl,): 8H=2.47(s,
3H), 7.33 (d, J=8 Hz, 2H), 7. 42 (d, J=8 Hz, 2H), 7.56 (d,
J=16 Hz, 1H), 7.60 (d, J=4 Hz, 2H), 7.80 (d, /=16 Hz,
1H), 7.97 (d, J=8 Hz, 2H) ppm. '*CNMR (100 MHz,
CDCl,): 6=21.7,122.4, 128.6, 129.2, 129.4, 129.5, 133.15,
135.4, 136.3, 142.9,143.8, 189.7. ppm.

(E)-1-(4-chlorophenyl)-3-(4-methoxyphenyl) prop-2-en-
I1-one IR(KBr) (v, /cm™):

1439- 1603 (Ar), 1653 (CO). 'H NMR (400 MHz,
CDCly): 8H=2.92(s, 3H), 7.45 (d, J=8 Hz, 2H), 7.58
(d, J=16 Hz, 1H), 7. 67 (m, 2H), 7.84 (d, /=16 Hz, 1H)
8.07 (d, J=8 Hz, 2H) ppm. *CNMR (100 MHz, CDCl,):
6=55.5,113.8, 121.8, 128.4, 128.9, 130.3, 130.8, 131.1,
135.1, 144.0, 163.4, 188.7 ppm.

2-benzylidenemalononitrile IR (KBr) (vmaxlcm_l):
1469-1640 (Ar), 2225(CN).'H NMR (400 MHz, CDCl,):
O0H=7.57(m, 3H), 7.67 (d, /=8 Hz, 2H), 7. 82 (s, 1H) ppm.

SCNMR (100 MHz, CDCl,): §=82.8, 112.6, 128.5, 130.2,
130.8, 134.7, 160.1 ppm.

2-(4-(dimethylamino) benzylidene) malononitrile IR
(KBr) v, /cm™): 1469-1640 (Ar), 2225(CN). '"H NMR
(400 MHz, CDCl,): 8H=6.84 (d, J=8 Hz, 2H), 7.82 (d,
J=8 Hz, 2H), 8. 03 (s, 1H) ppm. 3CNMR (100 MHz,
CDCly): §=39.6, 68.6, 111.9, 115.5, 116.2, 118.7, 133.5,
154.3,158.8 ppm.

Results and discussion
Characterization of Li/CS-Zagronas

The prepared nanocatalysts were characterized by
FT-IR, SEM, XRD, EDS, ICP and TGA techniques
comprehensively.

The FT-IR spectra for the zagrosian natural asphalt (a),
zagrosian natural asphalt sulfonate (Zagronas) (b), Li-
Zagronas (c) and Cs-Zagronas (d) are shown in Fig. 1. The
FT-IR was used for the confirmation the presence of sulfu-
ric acid moiety on the surface of zagrosian natural asphalt.
The FT-IR spectrum for zagrosian natural asphalt sulfonate
exhibits a stretching vibration at 800-1200 cm-! which
incorporates the contributions from both symmetrical and
asymmetrical modes of O=S =0 bonds (Figure b). Also,
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Fig.1 FT-IR spectrum of zagrosian natural asphalt (a), zagrosian
natural asphalt sulfonate (Zagronas) (b), Li-Zagronas (c¢) and Cs-Zag-
ronas (d)
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Fig.2 SEM images of Li-Zag-
ronas (a) and Cs-Zagronas (b)
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Fig.3 XRD patterns of Li-Zagronas (a) and Cs-Zagronas (b)

the broad band around 3400 cm™! is related to the stretching
vibrations of O—H and N-H groups on the surface of zagro-
sian natural asphalt. The successful graft of Li and Cs on
the surface of zagrosian natural asphalt was approved by the
FT-IR spectra for the Li-Zagronas (c) and Cs-Zagronas (d).
Shifting some bands to lower frequencies in the spectrum
of Li-Zagronas (c) and Cs-Zagronas (d) can be explained
by the grafting of Li and Cs on the surface of zagrosian
natural asphalt.

The morphology and size of particles was evaluated by
SEM technique. Figure 2 (a-b), respectively, shows the SEM
images of Li-Zagronas (a) and Cs-Zagronas (b). The SEM
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Fig. 4 EDX pattern of Cs-Zagronas

images showed that the nanoparticles are approximately
spherical in shape and the average diameter for the Li-Zag-
ronas and Cs-Zagronas are about 17-37 and 33-64 nm.

The XRD patterns of Li-Zagronas (a) and Cs-Zagronas(b)
are shown in Fig.3. According to Fig. (3a), six peaks
observed in XRD spectrum of Li-Zagronas at 26=31.85°,
32.15°, 34.80°, 43.50°, 52.30° and 68.10° were related to
the Li in Li-Zagronas. In addition, the peaks of the XRD
spectrum of Cs-Zagronas(b) at 206 =11.00°, 19.80°, 21.25°,
24.90°, 27.30°, 34.25° and 59.45° were related to the Cs in
the Cs-Zagronas.

The components of Cs-Zagronas were analyzed by using
EDS analysis (Fig. 4). The EDS spectrum of catalyst shows
the presence of C, O, S, N and Cs species in the Cs-Zagronas
and demonstrates that the Cs successfully grafted on the
zagrosian natural asphalt.

Also, the results of EDS of Li-Zagronas and Cs-Zagronas
were confirmed by EDS mapping analysis. The EDS map-
ping was used for distributions of C, O and S in the Li-Zag-
ronas and C, N, O, S and Cs in the Cs-Zagronas structures.
Also, as shown in figures, the homogeneous distribution of
all the elements is clearly observed in the EDS mapping
analysis (EDS mapping figures are shown in supplementary
information).
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Fig.5 DSC-TGA diagram of Li-Zagronas (a) and Cs-Zagronas (b)

Figure 5 shows the TGA diagram of Li-Zagronas (1a)
and Cs-Zagronas (1b). As shown in Fig. 5, the first weight
loss below 200 °C (about 10%) is caused by the removal of
the adsorbed solvents and the second weight loss between
300 and 600 °C (about 10%) in two diagrams is due to the
decomposition of organic groups of the Li-Zagronas and
Cs-Zagronas. As the result of this analysis, Li-Zagronas and
Cs-Zagronas have high tolerance at high temperatures.

Catalyst (mg)

Catalytic studies
Claisen-Schmidt condensation

After characterization of the catalyst, catalytic activity
of Li-Zagronas and Cs-Zagronas was investigated in the
Claisen—Schmidt condensations. First, we examined the
activity of Li-Zagronas and Cs-Zagronas for the synthesis of
a, f-unsaturated carbonyl compounds via Claisen—Schmidt
condensation. In this respect, reaction of acetone and ben-
zaldehyde was selected as model reaction and the reaction
conditions were optimized with respect to the solvent and
the amount of catalyst.

The obtained results for Li-Zagronas and Cs-Zagronas
are listed in Table 1. First, the effect of catalyst loading on
the model reaction was studied (Table 1, Entry 1-5). The
best results were obtained with 0.015 g Li-Zagronas and Cs-
Zagronas in ethanol (Table 1, entry 4). Then, under catalytic
amount of Li-Zagronas and Cs-Zagronas (15 mg), the effect
of solvent in the model reaction was investigated. This pro-
cess was performed in the absence of solvent and a series of
solvents such as PhCH;, DMF, THF, H,O and EtOH at room
temperature. The remarkable point is that these nanocata-
lysts dissolve in organic solvents such as PhCH;, DMF and
EtOH while insoluble in water (Fig. 6). Therefore, they can
act as heterogeneous and homogeneous catalysts.

O

(e}
CHO . )K
Solvent, Temp(°C), Tim(h)

O

Table 1 Optimization

. . Entry Solvent Temp (°C) Catalyst (mg) Time (min) Yield (%)

conditions of reaction

benzaldehyde with acetone® a b a b
1 EtOH r.t - 60 45 0 0
2

EtOH r.t 5 60 45 55 50

3 EtOH r.t 10 60 45 7 78
4 EtOH r.t 15 60 45 90 96
5 EtOH r.t 20 60 45 90 96
6 Toluene r.t 15 60 45 30 25
7 DMF r.t 15 60 45 51 73
8 H,0 r.t 15 60 45 68 78
9 THF r.t 15 60 45 20 15
10 Solvent-free r.t 15 60 45 40 60
11 EtOH r.t 15 60 45 90 96
12 EtOH 40 15 60 45 85 90
13 EtOH 60 15 60 45 82 86

“Reaction conditions: benzaldehyde (1 mmol), acetone (2 mmol), solvent (2 ml)

a. Li-Zagronas

b. Cs-Zagronas
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Fig.6 Solubility test of Li-Zagronas and Cs-Zagronas

After optimizing the reaction conditions, to explore the
activity of these catalysts, reaction of various benzaldehyde
derivatives with electron-donating and electron-withdrawing
functional groups and a wide range of aliphatic and aromatic
ketones were investigated under optimum conditions. The
results are listed in Tables 2 and 3. Various benzaldehyde
derivatives afforded the relevant products in short times and
high yields.

Knoevenagel condensation

In the second part of our research, we studied the activity
of Li-Zagronas and Cs-Zagronas nanocatalyst in the Kno-
evenagel condensation. In this respect, the condensation
between benzaldehyde and malononitrile was chosen as the
model reaction. The effect of different parameters includ-
ing solvent, the amount of catalyst and temperature on the
model reaction, was investigated and the results summarized
in Table 4. As seen on Table 4, optimum conditions for the
Li-Zagronas were obtained with 15 mg of Li-Zagronas in
ethanol at room temperature and for the Cs-Zagronas using
15 mg of the catalyst under solvent-free condition.

Subsequently, under the optimized reaction conditions,
Knoevenagel condensation of various aromatic aldehydes
and two types of active methylene compounds (malononi-
trile and ethyl cyanoacetate) were investigated. The results
are summarized in Table 5.

Li-Zagronas and Cs-Zagronas were found to be a highly
effective catalyst for the Knoevenagel condensation; all sub-
stituents on the various benzaldehyde derivatives, including
methoxy, hydroxyl, halide and nitro on ortho, meta and para
positions, afforded the relevant products in short reaction
times with high yields.

Based on results in Tables 2, 3 and 5, both catalysts have
a good to excellent yields with a short time, but in compari-
son between the two catalysts, Cs-Zagronas has more activ-
ity and efficiency in the Claisen—Schmidt and Knoevenagel
condensations.

Recyclability of the catalyst

Recovery and reusability are an important factor in catalytic
processes. For this purpose, we checked the recycling of
the Li-Zagronas and Cs-Zagronas by choosing the reaction
of benzaldehyde with acetophenone and benzaldehyde with
malononitrile as model reactions. In these experiments, after
completion of the reactions, the catalysts were easily separated
from the reaction mixture using filtration and the recyclability
of Li-Zagronas and Cs-Zagronas was examined in the model
reactions for five times in the Claisen—Schmidt and Knoev-
enagel condensations. As shown in Figs. 7 and 8, no significant
loss of activity was observed in the separated catalysts.

Characterization of recycled catalyst

In order to show the structure stability of Li-Zagronas and
Cs-Zagronas after recycling, recovered catalysts were char-
acterized by SEM and FT-IR techniques (Figs. 9, 10, 11).
The SEM images of the recovered catalysts are shown in
Fig. 9. The FT-IR spectrum and SEM images of the recov-
ered Li-Zagronas and Cs-Zagronas indicate that these cata-
lysts can be recycled without any change in their structure.
Furthermore, the exact amount of lithium and cesium in
fresh catalysts are 1.9 mmol g~! and 2.2 mmol g~!, respec-
tively. Based on ICP analysis, after five reuse runs, the
lithium and cesium concentration is found to be 5.03 and
6.08%; in addition, the catalyst leaching for two catalysts
after recovery is approximately 0.13%.

CHO ., O Catalyst (mg) o CN
Solvent, Temp(°C), CN
CN Tim(min)
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Table 2 Synthesis of a, /-
unsaturated derivatives from the
condensation of aldehyde and
acetophenone derivatives in the
presence of Li-Zagronas and
Cs-Zagronas

0]
o CHO+ “CH, _Li/Cs-Zagronas _
1 2 T EOH,rt

Ry, Ry= H, CI, CHj, OCH3

(@] (@]
Cl Cl CH

Path a: 30 min, 95% Path a: 50 min, 96%
Path b: 20 min, 95% Path b: 45 min, 92%

mp (°C) mp(°C)
Found Lit. Found Lit.
112-115 110-112 [32] 143-145 143-144[22]

0] (0]
OCHjy

Path a: 45 min, 88% Path a: 30 min, 93%
Path b: 30 min, 90% Path b: 30 min, 95%
mp (°C) mp (°C)

Found Lit. Found Lit.

105-107 102-105[ 22] 49-51 54-56 [33]

o o)
jopas!

H;CO Cl cl cl

Path a: 80 min, 89% Path a: 45 min, 94%

Path b: 60 min, 93% Path b: 30 min, 96%

mp (°C) mp (°C)
Found Lit. Found Lit.
119-120 120-122 [32] 148-150 150-154[ 22]

/‘/\)J\‘\OCH3

Path a: 30 min, 88%
Path b:30 min, 90%

mp (°C)
Found Lit.
125-126 129-130 [34]

Path ? (Li-Zagronas) and Path P (Cs-Zagronas): aldehyde (1 mmol).
acetophenone (1 mmol), cat (15 mg), r.t, EtOH (2 ml).
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Table 3 Synthesis of a,f- (e} (0]
unsaturated derivatives
. N =
from reaction of aldehyde R; O ‘ G R,
and aliphatic ketones in the
presence of Li-Zagronas and Ah-i
Cs-Zagronas 5 Q cHo OR Li / Cs-Zagronas J
1 + e
i EtOH, rt )
HzC™ "CHs NN
4k-|

4h

Path a: 500 min, 70%
Path b: 400 min,77%
mp (°C)
Lit.
169-171[ 22]

Found
170-172

4j

Path a: 700 min, 65%
Path b: 600 min, 68%

mp (°C)
Found Lit.
113-114  115-117[35]

4i

Path a: 500 min, 73%
Path b: 300 min, 78%
mp (°C)
Lit.
199-200 [35]

Found
198-200

0]

4k

Path a: 60 min, 90%
Path b: 45 min, 96%

mp(°C)
Found Lit.
41-43 39-41[35]

41

Path a: 80 min, 91%
Path b: 65 min, 94%

mp (°C)
Found
126-129

Lit.
127-128[35]

Path ? (Li-Zagronas) and Path ? (Cs-Zagronas): aldehyde (2 mmol), aliphatic

ketones (1 mmol), cat (15 mg), r.t, EtOH (2 ml).

Comparison of the catalysts
The efficiency of Li-Zagronas and Cs-Zagronas as catalysts

was demonstrated by comparing them with the catalysts
reported in literature. Tables 6 and 7 present the results

@ Springer

associated with the reaction of benzaldehyde with aceto-
phenone and malononitrile in the presence of Li-Zagronas
and Cs-Zagronas. As is evident, these catalysts show shorter
reaction time and better yield than the other catalysts. Also,
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(b) in the Claisen—Schmidt condensation

Fig.9 The SEM micrographs of
Li-Zagronas and Cs-Zagronas
after run 5
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Table 4 Optimization

- . Entry Solvent Temp (°C) Catalyst (mg) Time (min) Yield (%)

conditions for the reaction of

benzaldehyde and malononitrile a b a b
1 EtOH r.t - 90 60 0 0
2 EtOH r.t 5 90 60 55 50
3 EtOH r.t 10 90 60 83 87
4 EtOH r.t 15 90 60 90 90
5 EtOH r.t 20 90 60 90 94
6 Toluene r.t 15 90 60 30 30
7 DMF r.t 15 90 60 70 78
8 H,0 r.t 15 90 60 72 80
9 THF r.t 15 90 60 15 20
10 Solvent-free r.t 15 90 60 55 94
11 EtOH r.t 15 90 60 90 90
12 EtOH 40 15 90 60 85 92
13 EtOH 60 15 90 60 79 90

Reaction conditions: malononitrile (1 mmol), benzaldehyde (1 mmol), solvent (2 ml)

a. Li-Zagronas

b. Cs-Zagronas

Li-Zagronas and Cs-Zagronas are comparable in terms of
cost, non-toxicity, simple preparation and stability.

Conclusions

In summary, we have demonstrated that Li-Zagronas and Cs-
Zagronas are a novel and efficient reusable heterogeneous
and homogeneous nanocatalysts for the Claisen—Schmidt
and Knoevenagel condensations. This is the first report for
the use of lithium and cesium grafted on zagrosian natural
asphalt sulfonate as a basic separable nanocatalysts.

@ Springer

Notable advantages of these protocols are good to excel-
lent yields, the mild reaction conditions and eco-friendly
conditions. Also, the nanocatalysts can be reused for many
times without any significant loss in its activity. More
importance, Li-Zagronas and Cs-Zagronas have several
advantages such as low toxicity, thermal and mechanical
stability, simple and inexpensive procedure of preparation.
Also, these catalysts, being soluble in water and insoluble
in other organic solvents, can be used as heterogeneous and
homogeneous catalysts in organic reactions.
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Table 5 Li-Zagronas and Li-Zagronas

Cs-Zagronas catalyzed the -
Knoevenagel condensation ﬁtOHN
CHO CN
R1© e {
EWG \@nt-free, r.t

R4: H, NO,, CH3, OCHg, OH, CI, N(Me), Cs-Zagronas 6a-J
EWG: CN, CO,Et

CN CN
CN HaC HsCO
NO,

6a 6b 6¢
Path a: 90 min, 92% Path a: 90 min, 88% Path a: 90 min, 86%
Path b: 65 min, 92% Path b: 70 min, 90% Path b: 90min, 92%
Mp(°C) mp(°C) mp(°C)
Found Lit Found Lit. Found Lit.
106-108  105-103[36] 130-132 132-134[37] 117-119 114-116[38]
©j\/CN mCN mCN
CN CN
oHN cl
6d 6e of
Path a: 200 min, 91% Path a: 90 min, 90% Path a: 60 min, 85%
Path b: 180 min, 93% Path b: 60 min, 94% Path b: 40 min, 88%
mp(°C) mp(°C) mp(°C)
Found Lit. Found Lit. Found Lit.
97-100 98-100[ 39]  80-82 82-84[ 38] 162-164 162-163[ 37]
N
S O Sy
COEt CO,Et CO,Et
NO,
6g 6h 6i
Path a: 45 min, 91% Path a: 180 min, 89% Path a: 120 min, 89%
Path b: 25 min, 93% Path b: 110 min, 90% Path b: 55 min, 90%
mp(°C) mp(°C) mp(°C)
Found Lit. Found Lit. Found Lit.
125-127  128-132[40] 95-98 92-94[ 40] 48-50 44-45[40 ]
o5
CN
Me\l‘\l
Me
6j

Path a: 70 min, 88%

Path b: 30 min, 96%
mp(°C)

Found Lit.

180-182 179-180[38]

Path ? (Li-Zagronas): aldehyde (1 mmol), compounds with active methylene group
(1 mmol), cat (15 mg), EtOH (2 ml), r.t.

Path P (Cs-Zagronas): aldehyde (1 mmol), compounds with active methylene group
(1 mmol), cat (15 mg), Solvent-free, r.t.
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Table 6 Comparison of the activity of Li-Zagronas and Cs-Zagronas
for the reaction of benzaldehyde and acetophenone with other cata-

lysts

Entry Conditions

Time (min) Yield (%)[Ref]

1

~N N L W

GO, PhNH, /100 °C/solvent- 960 84 [41]
free
CP-2.0, solvent-free/200 °C 100 82 [42]
MNPS-TMG, solvent-free, rt 250 85 [43]
K-NAS, EtOH, rt 210 95 [22]
Lipase, DMSO, 35 °C 720 95 [44]
Li-Zagronas, EtOH/r.t 30 93[This work]
Cs-Zagronas, EtOH/r.t 30 95([This work]

Table 7 Comparison of the activity of Li-Zagronas and Cs-Zagronas
for the reaction of benzaldehyde and malononitrile with other cata-

lysts

Entry Conditions

Time (min) Yield (%)[Ref]

~N O R WD~

10

Chitosan EtOH/40 °C 360 99 [45]

BCN, acetonitrile/80 °C 30 92 [46]
HF-UIO-66, EtOH/r.t 240 98 [47]
RE(72%)NaY/CH;CN/rt 360 16 [48]
Zn/solvent-free/140 °C 720 95 [49]
MgF2/EtOH/rt 150 93 [50]
Fe;0,@UiO-66-NH,-3/ 60 73 [51]

DMF/80 °C

C/Z-30/70/EtOH/reflux 900 100 [52]
Li-Zagronas, EtOH/r.t 90 90[This work]
Cs-Zagronas, EtOH/r.t 60 94[This work]

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s13738-021-02270-4.
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