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Abstract

In this study, we compared the effect of the commercial NiO, synthesis NiAI-HT and NiO-HT drived from hy-
drotalcite in Knoevenagel condensation reaction. The NiAl-HT sample was synthesized by the coprecipitation
method with a molar ratio M2+/M3+ = 2 at constant basic pH. X-ray Diffraction (XRD) and Fourier Transform Infra-
red Spectroscopy (FTIR) were utilized to identify crystalline phases present in NiAl-HT, NiO-HT and commercial
NiO. The chemical composition of the obtained solids was determined by Atomic Absorption Spectroscopy (AAS).
Other techniques, such as Thermogravimetric Thermal Analyzer (TGA), Scanning Electron Microscopy (SEM) and
Brunauere Emmette Teller Method (BET) were also used. As well as the BET showed the increase of the specific
surface for the solid NiO-HT. The performance of the catalysts were studied in Knoevenagel condensation of ben-
zaldehyde with ethyl acetoacetate without solvent to synthesis of organic compounds such as intermediates of di-
hydropyridines derivatives. The influence of different parameters, such as: catalyst amount, reaction temperature
and reaction time, were optimized for studied the activity, the selectivity and the stability of the solids. Catalytic
activity was in its lowest in the presence of NiAl-HT (26% of benzaldehyde conversion) whereas the benzaldehyde
conversion increased to 77% in case of NiO-HT which can be explained by the presence of the basic sites of the
NiO-HT oxides, a high surface area and a small crystallite size. Therefore, the lower increase in benzaldehyde con-
version was noticed using commercial NiO (84%), perhaps owing to its high purity. A reaction mechanism is pro-
posed by using density functional method (DFT).
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1. Introduction tween aldehydes or ketones and an activated
methylene compound (e.g. malononitrile or ethyl
cyanoacetate) [1,2]. This reaction has been used
to produce of a,f-unsaturated like esters, acids

The Knoevenagel condensation is a carbon-
carbon bond-forming (C=C bond) reaction be-
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agrochemicals, and natural products [2—4].
Generally this reaction is catalyzed by organo-
bases, such as ammonia, primary and second-
ary amines, quaternary ammonium salts, pi-
peridine or pyridine, which deprotonates the
methylene compound and activates it towards
nucleophilic attack by the carbonyl group of the
aldehyde or ketone [1,2]. But using these homo-
geneous base catalysts often leads to time con-
suming work-up procedures, and undesired
side-reactions. The literature mentions, that
the use of strong acid catalysts causes waste re-
moval problem and recovery of the catalyst
from the reaction [5], and also reported that
Lewis acid catalysts known for Knoevenagel
condensation are limited compared to bases as
catalysts. Some of Lewis acid catalysts used for
Knoevenagel condensation under solvent-free
conditions, such as Mg(ClO4)2 [6], CuCl [7] ,
LaCls [8], ZnClz [9], and SnCl4 [10], need to be
used In more than stoichiometric quantity
which causes waste disposal problem. Further-
more, Lewis acid catalysts are extremely mois-
ture-sensitive thereby demanding keeps mois-
ture-free reaction conditions [11,12].

Recently, the acid-base catalysts easily sep-
arable and reusable were used for the
Knoevenagel condensation reactions such as ze-
olites [13] hydrotalcite [14] and sulfonic acid
[15]. Among based-catalysts very used in
Knoevenagel condensation of benzaldehyde re-
action, hydrotalcite due to its advantages, over
the solid acid catalysts [12], and they can be
doped to give a higher activity and a better se-
lectivity [16—18]. Most of these catalysts have
been used to catalyze the Knoevenagel conden-
sation in the presence of solvents. The metal
oxides derived from hydrotalcite can act as ba-
ses to absorb the strongly acidic protons from
an active methylene bearing organic compound,
which generate carbanions without solvent
[12].

Hydrotalcite-type (HT) compounds had
many practical applications as catalysts or cat-
alyst precursors or supports [19], ion exchang-
ers [20], stabilizers and adsorbents [21,22]. In
particular, the mixed oxide obtained of HT pre-
cursors presented high surface area, basic
properties and small crystal sizes. These com-
pounds have the general formula:
[M2+1-.M3*.(OH)2] [A" ]um.yH20, where M2+ and
M3+ are di- and trivalent metal cations, respec-
tively, A represents the x valent anion, which is
needed to compensate the net positive charge of
the brucite-like layers and y is the number of
water molecules in the interlayer space [23].
For all these properties, the synthesis of these

products has provided our attention to used
these catalysts for catalyze the Knoevenagel
condensation under solvent-free conditions.

Devi et al. [24] have found that KOH-loaded
MgAl studied the effect of base precursors on
the structure and basicity of the host employed
for the Knoevenagel condensation reaction effi-
ciently giving 99% conversion and 100% selec-
tivity within 10 min. Mancipe et al. [25] stud-
ied the applicability of boric acid deposited on
hydrotalcite as a catalyst in the Knoevenagel
reaction of HMF derivatives and active meth-
ylene compounds to give new HMF derivatives
containing an acrylonitrile moiety under sol-
vent-free conditions. Jadhav et al. [26] synthe-
sized Ti-HT and Zn-HT using glycine and glyc-
erol as two different fuels in the method of syn-
thesis by combustion which have been applied
in the Knoevenagel condensation. The Ti-HT-
glycine was the most active and selective. It
gave 67% benzaldehyde conversion in 4 h at 60
°C. HT compounds were considered as suitable
precursors of nickel catalysts [27,28], allowing
homogeneous distribution of nickel inside the
structure of the precursors and then leading to
the well dispersed and stable metal nickel par-
ticles.

The thermal decomposition of NiAl-HT hy-
drotalcite at about 450 °C gives rise to mixed
oxides whose X-ray diffraction patterns indi-
cate a diffuse Ni(Al)Ox periclase-type structure
with no segregate crystalline phases [29,30].
The catalytic application of mixed oxides ob-
tained from hydrotalcite NiAl-HT include base-
catalyzed reactions, such as aldolic condensa-
tion, the cross-aldol condensation of aldehydes
and ketones, Knoevenagel condensation,
Claisen-Schmidt condensation, and Michael
addition [31-35]. Recently, a group of research-
ers worked extensively on nickel oxide which
has interesting physico-chemical properties
which they then used in various biomedical ap-
plications [36]. Baranwal et al. [37] also
showed that Cu-doped NiO nanoparticles are
excellent catalysts for organic syntheses.

The main objective of this work is to com-
pare the performance of the pure NiO commer-
cial with the NiO-HT obtained from hy-
drotalcite by thermal treatment of NiAl-HT at
450 °C, in the Knoevenagel condensation of
benzaldehyde reaction without solvents
(Scheme 1). The comparison is likely to involve
various aspects, including the yield of the de-
sired product, the selectivity towards the de-
sired product, and the reaction rate.
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2. Materials and Methods
2.1 Raw Materials

The compounds used as starting materials
in the synthesis of NiAI-HT were,
AI(NO3)3.9H20 (Sigma-Aldrich®, 99.99%),
Ni(NO3)2.6H20 (Sigma-Aldrich®, 99.99%) and
Na2COs (Panreac, 98% assay) and NaOH
(Sigma-Aldrich®, >98%). The commercial nick-
el oxide NiO were also supplied by Sigma-
Aldrich® of high purity (99.99%), its density is
4.5 g/cm3, the melting temperature is 1955 °C
its bulk density is 600 kg/m3.

2.2 Catalysts Synthesis

NiAl-HT was synthesized from the nitrates
of Ni2+ and Al3*with a molar ratio Ni2+/Al3+ = 2
at constant pH (10+0.1), as reported by
Touahra et al. [23]. Briefly, Ni(NOs)2.6H20
(0.50 M) and AI(NOs3)3.9H20 (0.25 M) were dis-
solved in 100 mL of deionized water and second
solution was prepared by dissolving NaOH and
Na2COsin 100 mL of water. Both solutions
were mixed dropwise under stirring at 25 °C.
After the addition is complete, the mixture was
aged at 80 °C for 15 h under vigorous stirring.
Finally, the solid obtained was filtered and
washed with distilled water, then that was
dried and ground into a fine. The sample was
calcined under air from room temperature up
to 450 °C (5 °C.min™1) for 6 h to produce the
mixed oxides named NiO-HT.

2.3 Sample Characterization

Thermogravimetric analysis (TG) was per-
formed using Thermal Analyzer Setaram Set
Sys 16/18 from 25 to 900 °C with a heating rate
of 10 °C/min in the presence of air. The chemi-
cal composition of each material was deter-
mined using atomic absorption spectroscopy
(AAS) Varian spectra AA-110. The dissolution
of solids was affected in the presence of nitric
acid. The specific surface area of samples and
pore size distribution calculations were deter-
mined by nitrogen adsorption using standard
BET and BJH methods. Adsorption isotherms
of nitrogen at —196 °C under study were record-

o._H
COCH;
e +
| COOEt
S

M (2)

ed using a static volumetric apparatus ASAP
2020 (Micromeritics). The structure of samples
were confirmed by X-ray powder diffraction
with a Seifert C-3000 diffractometer with fil-
tered Cu-Ka (L = 1.5418 A). The crystallites
size for NiAIl-HT, NiO-HT and commercial NiO
solids were estimated using the Debey-Scherer
equation [23]:
0.91

thl - ﬂhkl COSH (1)
where, Duu= crystallites size, 4 = wavelength of
CuKa, S = peak with half maximum and 0 is
the Bragg diffraction angle.

FTIR spectra were recorded with Alpha
Bruker (single reflection diamond ATR) spec-
trometer in the region 400-4000 cm-!l. The
morphologies of the samples were studied us-
ing a Quanta 250 with tungsten filament scan-
ning electron microscope (SEM).

2.4 Knoevenagel Condensation

The condensation of benzaldehyde (1) with
ethyl acetoacetate (2) has been studied. An
equimolecular solution of two reagents (14
mmol) was introduced into a two-necked 250
ml bottle, in the absence of solvent. The mix-
ture is maintained in a thermostatically con-
trolled silicone bath with magnetic stirring at a
temperature of 80 °C. After 5 min of reaction, a
mass of 0.50 g of catalyst was added to the
mixture: this is the start of the reaction. Sam-
ples are taken every 30 min for 5 h with a sy-
ringe fitted with a filter, which makes it possi-
ble to separate the solid catalyst from the reac-
tion products. Monitoring of the reaction is car-
ried out by layer thin chromatography (TLC)
and the revelation of the spots is carried out
with iodine vapors and the color of these spots
was yellow.

After each sample was reacted, the product
was separated by transferring the hot reaction
mixture to an ice bath and stirring for 5-10
min, and then filtered. The product is recov-
ered by filtration and recrystallized using etha-
nol. The benzaldehyde conversion (X%) was
calculated using the following equation [38]:

COOEt
80°C = ‘
S
3)

Scheme 1. Condensation of Benzaldehyde (1) with ethyl acetoacetate (2) in the Knoevenagel reaction.
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Weight of benzaldehyde consumed () o (2)

X(%) = — .
Initial weight of benzaldehyde (g)

2.5 Theoretical Calculations

DFT computations were carried out using
the B3LYP Hybrid functional [39], together
with the 6-31G (d.p.) basis set [40]. Optimiza-
tions were carried out using the Berny analyti-
cal gradient optimization method [41,42]. The
stationary points were characterized by fre-
quency computations in order to verify that the
TSs have one and only one imaginary frequen-
cy. All computations were carried out with the
Gaussian 09 suite of programs [43], and the re-
sults were visualized in GaussView [44].

3. Results and Discussion

3.1 Thermogravimetric Analysis (TG/DTG)

The data of TG-DTG, recorded in a tempera-
ture range of 25-1000 °C, with a speed of 10

2| 0,0
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Figure 1. TG Analysis of NiAl-HT hydrotalcite.

Table 1. TG results of NiAl-HT hydrotalcite.

°C/min, make it possible to follow the evolution
of the structure as a function of the tempera-
ture and to determine the amount of structural
water of each hydrotalcite type catalyst. The
TG and DTG curves of the NiAl-HT sample is
given in Figure 1. TGA values of analyzed sam-
ple is shown in Table 1. According to the litera-
ture [45], the thermal evolution of hydrotalcite
solid in the carbonate form present, three well-
defined weight losses. The first mass loss corre-
sponds to the departure of molecules from phy-
sisorbed water (moisture water) on the exter-
nal surface of the crystallites and the loss of in-
ter-lamellar water without loss of structure
[46]. A second mass loss at around 250 °C is
due to dehydroxylation and the elimination of
nitrates. The last loss of mass is characteristic
of the departure of carbonates in COg: form
[47].

3.2 Chemical Analysis

The chemical analysis of the uncalcined
sample NiAI-HT was carried out by atomic ab-
sorption (AAS), after attack of the solid by
HNOs. This method of analysis makes it possi-
ble to give us the content of each constituent el-
ement of the catalyst and to arrive at its chem-
ical formulation. Table 2 summarizes the re-
sults of the chemical analysis. It emerges from
a Table 2 that the molar ratio Ni2+/Al3+ is in
agreement with the theoretical value. This con-
firms that precipitation of the precursor salts is
taking place and shows the good operating con-
ditions for the preparation of the catalyst.

First Second Third
. Temperature . Temperature . Temperature
Sample  weight loss C) weight loss o) weight loss C)
(%) (%) (%)
NiAl-HT 20 117 25 253

Table 2. The experimental molar ratio as well as the chemical formula of NiAl-HT, BET surface, total

pore volume, pore diameter and crystalline size.

Molar ratios

Chemical Total pore Pore .
M SBET . Crystalline
Samples _|n formulas volume diameter .
R = o (m2/g) size? (nm)
nM [M2+(1.M3*] (cm? /g) (nm)
NiAl-HT 2.12 Nio.esAlo.32 65.48 0.31 10-12 28
NiO-HT - - 82.30 0.28 7-8 14
Commercial NiO - - 83.78 0.27 7-8 20

aCrystalline size calculated from the XRD results in Figure 3.
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3.3 Measurement of Specific Surface Areas

Table 2 represents the data calculated from
the nitrogen adsorption/desorption at —196 °C.
The specific surface area of NiAl-HT is 65.48
m2/g. The heat treatment of NiAl-HT at 450 °C
for 6 h caused an increase of the specific sur-
face from 65.48 m?2/g to 82.78 m2/g. This result
can be explained by the fact that during the
calcination step, the solids undergo degassing
phenomena of the molecules of H2O and of
COs32~ (in CO:z form) which are found in the
pores on the surface of materials. The specific
surface area of commercial NiO (83.78 m2/g) is
similar to that of NiO-HT.

Examination of the pore volume values in
all the catalysts vary between 0.27 and 0.31
cm3/g as well as their average pore diameters
are between 7 and 12 nm (Table 2), which con-
firms that all the pores of the catalysts are of
the mesoporous type. This result once again
confirms that the mixed oxides phases from hy-
drotalcites are mesoporous materials (Figure
2).

(A) -
5 NiAIHT é?
E ==
L O%
B -
£ - =
g -"£

-~ O/

% -® " -
g / o
e -t

e o e
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T T
0,0 0,2 0,4 06 0,8 1,0
Relative pression (P/P,)

Commercial NiO

.

0.0 02 0.4 0.6 08 1.0
Relative pression (P/Py)
Figure 2. The nitrogen adsorption-desorption

isotherm for samples (A) NiAl-HT hydrotalcite,
(B) NiO-HT and commercial NiO.

3.4 X-ray Diffraction Analysis

The X-ray diffractogram of the uncalcined
NiAl-HT, NiO-HT and commercial NiO sam-
ples was shown in Figure 3. In accordance with
JCPDS file No. 15-0087, the X-ray diffracto-
gram of the uncalcined sample is characterized
by the presence of diffraction lines of the hy-
drotalcite phase. The latter crystallizes in a
hexagonal mesh with principal reflections of
the reticular planes (003), (006), (012), (015),
(018) and (110) which correspond respectively
to the angles of diffraction 20 = 11.6°, 23.5°,
35.3°, 39.7°, 47.2°, 61.4°, and 62.8°. The calci-
nation of sample at 450 °C leads to their dehy-
dration (—H20) then to dehydroxylation and de-
carboxylation (—COs32-) which is accompanied
by the collapse of the HT structure. The calci-
nation of NiAl-HT catalyst exhibited NiO dif-
fraction peaks at 20 = 37.2°, 43.2°, and 62.8°
NiO [JCPDS file No. 47-1049]. These peaks,
were relatively wide, indicating that it had a
poor crystallinity. Aluminum oxide Al2O3 is in
an amorphous state [48], therefore not detecta-
ble by X-ray diffraction. The solid diffracto-
gram of the commercial NiO shows a pure
peaks of NiO. The diffraction peak for the com-
mercial NiO was sharp, indicating that it had a
high crystallinity. Additionally, no other impu-
rity peaks were observed, which shows that it
had a higher purity.

3.5 SEM Analysis

The SEM images for the different solids are
presented in Figure 4. In all cases, these imag-
es highlight platelet-shaped morphologies,
which implies the formation of a lamellar
structure of almost hexagonal shape. We can

0(33
006 NiAI-HT
* 01.2 018 110
(30
. ¢ Commercial NiO

*
—JMA .

Intensity (a,u)

w

20 40 60 80
2 Theta (Degree)

Figure 3. XRD patterns of NiAl-HT hydrotalcite,
NiO-HT and commercial NiO. e hydrotalcite, ¢
NiO and & NiO-HT.
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notice that the calcination of NiO-HT solid
leads to the disappearance of the hexagonal
shape and which has the same morphology as
commercial NiO.

3.6 FTIR Analysis

The infrared spectra of the NiAl-HT, NiO-
HT and commercial NiO samples are shown in
Figure 5. IR spectra forum NiAl-HT present a
wide adsorption band between 3500-3300 cm™!

; %m(v o‘rgba%n‘ ! ‘;. |
4
¥ » }

A(;GV Spot'?agn : ggf éJD‘ g € \ *50 um ; ’

\ 200k\;f7 5i)(ix A E {Q ;orr SEQUMMTo

Figure 4. SEM images of samples: (a) NiAl-HT
hydrotalcite, (b) NiO-HT and (c) commercial NiO.

attributed to the stretching vibrations of hy-
droxyl groups of water in the interlayer space
[49]. Furthermore, the vibration band observed
in the region between 1400-1500 cm™! reveals
the presence of O—C-O vibration of COs2- in
the interlayer space as reported in the litera-
ture [50]. We also observed low intensity vibra-
tion bands in the region below 1000 cm~! which
are associated to M2+—-0O-M3+ (Ni—O-Al)
stretching mode according to the literature
[61]. After calcination the NiO-HT thermal de-
composition of samples, induced formation of
mixed oxides although trace amounts of re-
maining carbonate was found in the spectra of
all calcined samples (band at 1320 cm-1). Alt-
hough absorption bands at 3370 and 1610 cm~!
(present in all spectra) indicate the presence of
OH- and/or water, we should recall that dehy-
droxylation of samples is complete at applied
calcinations temperature (400-450 °C).

Commercial NiO spectra show peaks in re-
gion below 1000 cm~! due to stretching vibra-
tional peak of Ni—O bond. The absorption band
at 1320 cm™! is due to the stretching mode of
0O-C-0 vibrations of CO2 molecule absorbed
from the air. The broad band at high frequen-
¢y, i.e. around 3370 cm™, is attributed to —OH
stretching vibrations of water molecules ab-
sorbed on catalyst surface from the atmosphere
when analysis was carried out [52]. On the oth-
er hand, we observe the appearance of a new
more or less intense band around 720 cm1l.
This band may indicate the probable formation
of mixed oxides [53]. The calcined NiO-HT
sample spectrum shape is similar to that of
commercial NiO.

Commercial NiO

NIAI-HT

Transmittance (%)

1320
T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500 0

Wave number (cm™)

Figure 5. FTIR spectra of NiAl-HT hydrotalcite,
NiO-HT and commercial NiO.

Copyright © 2023, ISSN 1978-2993




Bulletin of Chemical Reaction Engineering & Catalysis, 18 (2), 2023, 192

3.2 Catalytic Tests
3.2.1 Effect of reaction time

Figure 6 shows the results of the conversion
of benzaldehyde with ethyl acetoacetate as a
function of reaction time. In the absence of cat-
alyst, the Knoevenagel condensation reaction
does not occur, even after 4 h of reaction. In the
presence of the catalysts, the conversion of the
benzaldehyde reaches 26%, 77% and 84% after
3 h of reaction respectively of NiAl-HT, NiO-HT
and commercial NiO. The NiAl-HT showed low-
er catalytic performance than commercial NiO
and NiO-HT under the same reaction condi-
tions. This result is explained by the lower spe-

100

—_ Commercial NiO
=
= 80
$
= NIO-HT
_C
el
< 60
N
c
Q
0
—
© 404
c
k=l .
] NiAI-HT
g
E 20+
O
No catalyst
0 ¥, ; y— S— . 4
0 50 100 150 200 250

Time (min)

Figure 6. Conversion of benzaldehyde (1) in the
Knoevenagel reaction as a function of time. Re-
action conditions: benzaldehyde (1) (14 mmol)
and ethyl acetoacetate (2) (14 mmol) and cata-
lyst (0.50 g), at 80 °C.
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< 80+ NiAI-HT
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O 404
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0,25 05 1 15 2

Catalyst mass (g)

Figure 7. Effect of catalyst amount on conver-
sion of benzaldehyde (1). Reaction conditions:
benzaldehyde (1) (14 mmol) and ethyl acetoace-
tate (2) (14 mmol) and catalyst 0.50 g, at 80 °C.

cific surface of NiAI-HT (65 m?2/g). The increase
in conversion obtained for the NiO-HT com-
pared to NiAI-HT catalyst is justified by the
strength of the basic sites of the oxides which
should easily release the proton from ethyl
acetoacetate to lead to the formation of the eno-
late anion, (see the reaction mechanism
Scheme 4) high specific surface verified by BET
analysis and a small crystallite size (Table 2)

The conversion rate of commercial NiO is
lower increase than that of NiO-HT. This dif-
ference in conversion can be explained by high
purity knowing that it is synthesized under
ideal conditions on an industrial scale as previ-
ously observed in XRD (see Figure 3)
[64].These results are in agreement with
Chaudhary's et al. [55] study. This showed in
the synthesis of 2oxoindolin3ylidenemalono-
nitrile by Knoevenagel condensation in the
presence of NiO catalyst under solvent-free
conditions that the reaction gave excellent
yield and environmental friendliness.

3.2.2 Effect of catalyst amount

The conversion of benzaldehyde is practical-
ly stable at 84% and 86% when the quantity of
the catalyst passes from 0.25 g to 0.50 g
(Figure 7). Increasing the amount of catalyst
beyond 0.50 g leads to a gradual decrease in
yield, it thus reaches 14% for an amount of 2 g
of catalyst. This decrease would be linked ei-
ther to the crowding of the active sites of the
catalyst, given that the mass of the latter is
high and/or to an inhibitory effect, always

Table 3. Total energies and relative energies of
the reactants in the gas phase in the presence
of catalyst.

AE
E@u) (kcal/mol)
R1 -345.58268
R2 -460.35737
NIO -1583.1961
R1+R2+NiO -2389.1361
NiOH -1583.5484
12 -805.37981
12+NIOH -2388.9282 130.43
14 -805.9432
14+NiO -2389.1393 -1.97
I3 -805.39532
13+NiOH -2388.9438 120.70
P-trans -729.50416
P-cis -729.50303
P-trans+NiO+H:0  -2389.1199 10.13
P-cis+NiO+H20 -2389.1188 10.84
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linked to this excess by the formation of hydro-
gen bonds between the catalyst and the reac-
tants [56,57]. In all case, working with large
quantities of the catalyst switches the reaction
from the catalytic mode to the stoichiometric
mode, which is in disagreement with the stand-
ards of green chemistry. The best conversions
of benzaldehyde are obtained in the presence of
the commercial NiO catalyst.

3.2.3 Effect of reaction temperature

To optimize the experimental conditions, we
then examined the effect of temperature on this
reaction. Figure 8 shows the influence of the re-

100
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action temperature on the catalytic perfor-
mance of commercial NiO and NiO-HT at 30,
60, 80, 100, and 120 °C for 4 h of reaction. At
low temperature, no catalytic activity was
shown, while at 60 °C and 80 °C, the conver-
sion of benzaldehyde amounts to 51% and 86%
respectively for commercial NiO and 38% and
71% for NiO-HT, respectively. Beyond this
temperature (100 °C and 120 °C) a significant
drop in the conversion is observed for the two
catalysts. Following the appearance of several
spots on the chromatogram of the analysis by
thin layer chromatography, TLC, these spots
can be explained by the appearance of uniden-
tified secondary products.
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Figure 8. Effect of reaction temperature on conversion of benzaldehyde (1)of samples: (A) commercial
NiO and (B) NiO-HT. Reaction conditions: benzaldehyde (1) (14 mmol) and ethyl acetoacetate (2) (14

mmol) and catalyst 0.50 g.
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Scheme 2. Condensation of benzaldehyde (1)with ethyl acetoacetate (2).
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Scheme 3. The enol form of ethyl acetoacetate.
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3.3 Reaction Mechanism

Due to the asymmetry of ethyl acetoacetate
(2), the reaction between benzaldehyde (1) and
ethyl acetoacetate (2) can occur via two possible
stereo isomeric approaches, resulting in the for-
mation of two potential cis and trans products
(Scheme 2). The formation of these different
products is linked to several intermediates. It
should be noted that ethyl acetoacetate exists
in the enol form with a concentration ranging
from 1-5% in polar solvents and from 15 to 30%
in nonpolar solvents from 15 to 30% (see
Scheme 3). As a model, NiO was chosen as the
catalyst in this study, and the proposed mecha-
nism is illustrated in Scheme 4. Table 3 shows
the total and relative energies of the reactants
in the gas phase, while the geometries of the

8] 0
O o]

INiO
—_—-
OCzHs HNIO oCH
‘\ @ 205
H “H

OH"

I3

reactants and intermediates are presented in
Scheme 5.

According to the obtained results, the rela-
tive energies of intermediates 12, 14, and I3 are
130.43, —1.97, and 120.70 kcal/mol, respective-
ly. It is observed that the relative energies of
intermediates 12 and 14 are very high, which
can be explained by the presence of negative
electronic charges on these intermediates. On
the other hand, the relative energies of the P-
trans and P-cis products are around 10.13 and
10.84 kcal/mol, respectively. Therefore, the P-
trans product is more favorable than the P-cis
product. In conclusion, the formation of the P-
trans product is favored in the presence of the

catalyst.
0 OC;Hs
S
@] 0
-
8]
= A
12

HNI1O
0 OCaHs
H
o S OH
NiO

14

Scheme 4. Reaction mechanism in the presence of the commercial NiO catalyst.
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P-cis P-trans

Scheme 5. Geometry of reactants and catalyzed intermediates.
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4. Conclusion

In the present work, we are interested in
the study and the improvement of the optimal
conditions of the reaction of Knoevenagel. For
this, we have used new basic catalysts, such as
commercial NiO, and compared to hydrotalcite
NiAl-HT and NiO-HT drived from hydrotalcite
which allow a simple, easy and efficient synthe-
sis of the intermediates of the dihydropyridine
derivatives which have important pharmaceuti-
cal properties. The intermediates of the dihy-
dropyridine derivatives were synthesized from
the condensation of benzaldehyde with ethyl
acetoacetate without solvent. The catalytic ac-
tivity is low for the solid NiAl-HT. This low cat-
alytic inertia of this sample is linked to the de-
crease of its specific surface. After heat treat-
ment of NiO-HT solid the recorded conversion
shows a significant improvement which can be
explained by the strength the basic sites of the
oxides. Furthermore, the conversion rate of
commercial NiO is higher than that NiO-HT.
The difference of conversion can be justified by
the purity and the synthesis under ideal condi-
tions of commercial NiO. The modeling of the
Knoevenagel reaction has led to the conclusion
that obtaining P-trans in the presence of the
catalyst is more favorable than P-cis.
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