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Abstract

Regarding the significance of medicinal and pharmacological sciences, we explored
one-pot multicomponent reaction of aromatic aldehydes, aryl amines, malononitrile
and dimedone in the presence of HMTA-BAIL@MIL-101 (Cr) as a novel, stable
and strong catalyst. The remarkable features of this approach are good to excellent
yields (92-98%), short reaction times (10-20 min), low catalyst loading, reusabil-
ity and stability of the catalyst. The prepared hexamethylenetetramine-based ionic
liquid/MIL-101(Cr) composite was identified via FE-SEM, XRD, EDS, TGA, BET
and FT-IR techniques.

Keywords Multicomponent reactions - Quinoline derivatives - Metal-organic
frameworks - Brgnsted acidic ionic liquid - Heterogeneous catalyst

Introduction

Metal-organic frameworks (MOFs) are among coordination polymers with metal
nodes connected by organic linkers via robust coordination bonds in 3D net creat-
ing hybrid crystalline microporous substances. The MOFs have the main advantage
compared to other porous materials, which is their capability at tuning their topol-
ogy, functionality and pore size by cautiously selecting the inorganic metal centers
and organic linkers [1-4]. Hence, such materials are regarded as potential candidates
for various applications in several areas, such as gas storage, catalysis and molecular
sensing [5-9]. MOFs are used as suitable support for the immobilization of various
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materials like ionic liquids (ILs) and catalysts [10—17]. The structure of MOFs can
be functionalized through post-synthetic modification (PSM) method with covalent
modification of the organic linkers or incorporation of organic molecules at coor-
dinately on metal sites of MOFs structures. Studies have been performed on ILs
with various properties such as negligible vapor pressure, adjustable chemical and
physical properties, good thermal stability, high catalytic activity as green and novel
catalysts [18, 19]. ILs have different applications in different reactions like nitration,
alkylation, Michael addition, Diels—Alder, esterification, etc. [20-27]. Multicompo-
nent reactions (MCRs) are one-pot procedures where various accessible components
easily have reactions to create a single product [28]. Hence, considerable advantages
have been provided over the conventional linear phase synthesis, by decreasing the
time, saving energy, raw materials and money, therefore, both environmental and
economical benefits are resultant. Quinolines, owing to their pharmacological and
lucrative biological features, are utilized as an important group of heterocyclic com-
pounds in the pharmaceutical uses like antimalarial [29], anticancer [30], antibac-
terial [31], antiproliferative [32] and antistaphylococcal activities [33]. There are
several methods reported in the literature for the synthesis of quinoline derivatives
which catalyzed by different catalysts such as Zr(HPO,), [34], CECILs [35], Fe;O,
[36] and MNP@BSAT@Cu(OAc), [37]. Recently, we have reported different syn-
thetic approaches for numerous products utilizing nanocatalysts [38—42].

Herein, we report the use of HMTA-BAIL@MIL-101(Cr) as a novel and efficient
Brgnsted acidic ionic liquid for the preparation of hexahydroquinoline derivatives
through a one-pot four-component reaction of aromatic aldehyde, malononitrile,
dimedone and arylamines under solvent-free conditions (Scheme 1).

Experimental
Materials and instrumentation

Chemicals were purchased from the Sigma-Aldrich and Merck in high purity. All of
the materials were of commercial reagent grade and were used without further puri-
fication. All melting points were uncorrected and were determined in capillary tube
on Boetius melting point microscope. "H NMR and '*C NMR spectra were obtained
on Bruker 250 MHz spectrometer with DMSO-d, as a solvent and using TMS as

CN (0]
O
cH HMTA-BAIL@MIL-101(Cr)
H 3
+ Ie) CHs Solvent-free, 80 °C
R
ArNH,

Scheme 1 Synthesis of hexahydroquinoline derivatives using HMTA-BAIL@MIL-101(Cr)
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an internal standard. FT-IR spectra were recorded on Magna-IR, spectrometer 550.
The elemental analyses (C, H, N) were obtained from a Carlo ERBA Model EA
1108 analyzer. Powder X-ray diffraction (XRD) was carried out on a Philips diffrac-
tometer of X’pert Company with monochromatized Cu-Ka radiation (1= 1.5406 A).
Microscopic morphology of products was visualized by SEM (LEO 1455VP). The
mass spectra were recorded on a Joel D-30 instrument at an ionization potential of
70 eV. The compositional analysis was done by energy-dispersive analysis of X-ray
(EDX, Kevex, Delta Class I). Thermogravimetric analysis (TGA) was performed on
a Mettler Toledo TGA under argon and heated from room temperature to 825 °C.
Nitrogen adsorption—desorption isotherms were measured at 196 °C using a Belsorp
mini automatic adsorption instrument after degassing the samples at 150 °C for 5 h.
The approximate sample weight was 10 mg in TG experiment with 10 °C/min heat-
Ing rate.

Preparation of HMTA-BAIL

The synthesis of HMTA-BAIL was done based on the previous literature with a
slight modification [43]. A mixture of hexamethylenetetramine (0.01 mol) and
1,4-butane sultone (0.08 mol) in toluene (40 mL) was exposed to magnetic stirring
at 80 °C for 72 h. The produced white solid zwitterion (HMTA-BAIL precursor)
was filtered out and washed repeatedly by diethyl ether. An ionic liquid was formed
through adding a stoichiometric quantity of sulfuric acid to the zwitterion and then
stirred the produced admixture at 80 °C for 6 h. Lastly, the BAIL phase was rinsed
several times by toluene and diethyl ether for the removal of non-ionic remains, and
then dehydrated under vacuum at 110 °C (Scheme 2).

Preparation of MIL-101(Cr)

The preparation of MIL-101(Cr) was performed under hydrothermal conditions based
on a previously used procedure with minor modification (Scheme 3) [44]. Briefly, a
mixture of Cr(NO5);.9H,0 (5.4 g), terephthalic acid (1.5 g), deionized water (45 mL)
and 0.6 mL of hydrofluoric acid (5 mol/L) was sonicated for 10 min. Then, the mix-
ture was transferred to a Teflon-lined stainless steel autoclave for 8 h at 220 °C. Sub-
sequent to cooling down the autoclave to ambient temperature, the reaction mixture

HO3S
\@ ]
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NI_—-N —_—— HO5S —
NS YT s : LN~/ SO:H
o0 \j/\
SOzH
HMTA-BAIL

Scheme 2 Synthesis of HMTA-BAIL
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Scheme 3 Preparation of MIL-101(Cr)

was subjected to filtration and washing by distilled water. The resultant solid was dehy-
drated in an oven at 80 °C nightlong and denoted as crude MIL-101(Cr) crystals.

Preparation of HMTA-BAIL@MIL-101(Cr)

Scheme 4 displays the preparing procedure of the new and vigorous Brgnsted acidic
ionic liquid functionalized MIL-101(Cr) MOF. In brief, dehydration of MIL-101(Cr)
(1.0 g) was done under vacuum at 110 °C for 12 h. A suspension of MIL-101(Cr) in
anhydrous toluene (30 mL) was prepared in a round-bottom flask, and hexamethylene-
tetramine (5 mmol) was added afterward. The reaction mixture was refluxed under stir-
ring at 80 °C for 12 h. To separate the solvent, it was filtrated upon the termination of
the reaction, and then washed by toluene to remove the extra hexamethylenetetramine.
Thereafter, the product was dissipated in 30 mL of anhydrous toluene. Throughout stir-
ring vigorously, an equal molar ratio 1,4-butane sultone (5 mmol) was incorporated
into the solution, followed by refluxing the admixture at 80 °C for 12 h. Finally, the
solid was harvested via filtration and dehydrated under vacuum at 110 °C for 3 h. A
suspension of the solid was then made in 20 mL of ethanol simultaneously an equiva-
lent amount of concentrated H,SO, (98%) was added dropwise at 50 °C for 24 h. In the
end, the catalyst was isolated by filtration and desiccated under vacuum at 50 °C for
12 h.

General procedure for the synthesis of hexahydroquinoline derivatives (5a-5n).

A mixture of aromatic aldehyde (1 mmol), dimedone (I mmol), aryl amine
(1 mmol), dimedone (1 mmol) and HMTA-BAIL@MIL-101(Cr) (0.008 g) was
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Scheme 4 Preparation of HMTA-BAIL @ MIL-101(Cr)

heated at 80 °C under solvent-free conditions. After completion of the reaction,
as monitored with TLC (n-hexane:ethyl acetate, 4:1), the reaction mixture was
cooled to room temperature, diluted with acetone (10 mL) and stirred for addi-
tional 10 min. The catalyst was insoluble in acetone and was separated by simple
filtration. Finally, after evaporation of the solvent the crude product was recrys-
tallized from EtOH to produce pure hexahydroquinoline derivatives.

Spectral data of the new products are given below.

2-amino-4-(4-cyanophenyl)-7,7-dimethyl-5-oxo-1-(p-tolyl)-1,4,5,6,7,8 hex-
ahydroquinoline-3-carbonitrile 5d. Yellow solid; m.p. 241-242 °C. IR spec-
trum v, cm™: 3313, 3209, 2958, 2225, 2179, 1635, 1512, 1365, 1223; 'H NMR
(250 MHz, DMSO-d,) 8: 0.84 (s, 3H, CH;), 0.98 (s, 3H, CH;), 1.88-1.99 (m,
2H, 2CH), 2.20-2.38 (m, 2H, 2CH), 2.47 (s, 3H, CH;), 4.48 (s, 1 H, CH), 5.28
(s, 2 H, NH,), 6.76-7.03 (d, 2H, ArH), 7.29-7.31 (d, 2H, ArH), 7.61-7.77 (m,
4H, ArH); MS (EI) (m/z): 408.20 (M™); Anal. Calcd. for: C,H,,N,O: C 76.45, H
5.92, N 13.72. Found: C 76.58, H 5.89, N 13.65.

2-amino-7,7-dimethyl-4-(4-(methylthio)phenyl)-5-oxo0-1-(p-tolyl)-
1,4,5,6,7,8-hexahydroquinoline-3-carbonitrile =~ 5Se. Yellow solid; m.p.
255-257 °C. IR spectrum v, cm™: 3321, 3186, 2954, 2187, 1651, 1522, 1369,
1215; "H NMR (250 MHz, DMSO-d;) 8: 0.84 (s, 3H, CH,), 0.92 (s, 3H, CH,),
1.77-2.12 (m, 2H, 2CH), 2.19-2.25 (m, 2H, 2CH), 2.44 (s, 3H, CHj;), 2.47 (s, 3H,
SCH;), 4.12 (s, 1 H, CH), 5.33 (s, 2 H, NH,), 6.78-6.98 (m, 2H, ArH), 7.08-7.19
(m, 6H, ArH); MS (EI) (m/z): 429.19 (M*); Anal. Calcd. for: C,¢H,,N;0S: C
72.70, H 6.34, N 9.78. Found: C 72.61, H 6.39, N 9.86.
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Results and discussion
The structure elucidation of the catalyst

In the initial experiments, the hexamethylenetetramine-based ionic liquid/MIL-(101)
Cr composite was characterized by field emission scanning electron microscopy
(FE-SEM), Fourier transform infrared spectroscopy (FT-IR), powder X-ray diffrac-
tion patterns (XRD), energy-dispersive X-ray (EDX), N, adsorption—desorption iso-
therm (BET) and thermogravimetric analysis (TGA).

SEM analysis was studied to distinguish the particle size and surface morphol-
ogy of the synthesized HMTA-BAIL@ MIL-101(Cr). FE-SEM micrograph of the
as-synthesized MIL-101(Cr) and HMTA-BAIL@MIL-101(Cr) (Fig. 1a and b) rep-
resenting a characteristic octahedral shape form.

The FT-IR spectra of the BAIL-functionalized MIL-101(Cr) and bare MIL-101
(Cr) nanostructure are represented in Fig. 2. The two sharp peaks around 1385 and
1665 cm™! are equivalent to asymmetric and symmetric vibrations of C=C [45].
Moreover, Cr—O bonds-related peaks appeared at, respectively, 550 and 663 cm™".
The peaks at 1203 cm™! accompanied by a shoulder at 1452 cm™! which is related to
the O=S=0 asymmetric and symmetric stretching modes, nevertheless, the bands at
1155 cm™! are allocated to the S—O stretching vibrations.

The PXRD (powder X-ray diffraction) patterns of the BAIL-functionalized MIL-
101(Cr) substances represent nearly all the main diffraction peaks regarding the pure
MIL-101(Cr) and simulated pattern (Fig. 3). Such findings showed that the MIL-
101(Cr) materials’ crystalline structures were unaffected and remained intact over
the BAIL functionalization procedure. The reflection planes equivalent to the Miller
indices (201), (311), (440), (402), (333), (531), (606), (753), (666) and (600) are
indexed for the MIL-101 consistent with the reported values [44, 46]. It is found
that there is a good consistency between the representative peaks of the synthesized
HMTA-BAIL@MIL-101 (Cr) materials and MIL-101 (Cr). There is also an agree-
ment between the observations and the one reported in the studies [47].

Figure 4 demonstrates the elemental analysis of MIL-101(Cr) and HMTA-
BAIL@MIL-101(Cr) obtained from EDX. The results confirm the existence of C,

&b
& Qv

D= 42 96pm

Fig.1 FE-SEM images of MIL-101(Cr) (a) and HMTA-BAIL@MIL-101(Cr) (b)
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Fig.2 The FT-IR spectra of MIL-101(Cr) MOF and HMTA-BAIL @ MIL-101(Cr)
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Fig. 3 XRD patterns of MIL-101(Cr) and HMTA-BAIL@MIL-101(Cr)

O, Cr, F and N as the only elementary components of MIL-101(Cr) MOF (Fig. 4a).
The purity of HMTA-BAIL@ MIL-101(Cr) was also confirmed by appearance of C,
O, Cr, F, N and S as elements in EDX analysis (Fig. 4b).

The N, adsorption—desorption isotherm of MIL-101 (Cr) and HMTA-BAIL@
MIL-101 (Cr) is shown in Fig. 5. Measuring pore volume and surface area of
HMTA-BAIL@ MIL-101 (Cr) represents their reduction in comparison with pris-
tine MIL-101 (Cr). The pure MIL-100 (Cr) represented an overall pore volume
and a BET surface area of 1.42 cm3/g and 2473 mz/g; however, HMTA-BAIL @
MIL-101(Cr) represented corresponding values of 1.06 cm®g and 1921 m%g. The
reduced porosity may be related to the pore blockage of MIL-101(Cr) via the BAIL

group.
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Fig.4 The EDX spectra of MIL-101(Cr) MOF (a) and HMTA-BAIL@MIL-101(Cr) (b)
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Fig.5 The N, adsorption—desorption isotherms at 77 K of MIL-101(Cr) and HMTA-BAIL@MIL-
101(Cr)

The thermogravimetric analysis curves for MIL-101(Cr) and HMTA-BAIL@
MIL-101(Cr) show two-step weight losses at <200 °C and 200 to 400 °C, respec-
tively (Fig. 6). The first weight step appeared at <200 °C, which was attributed to
the loss of solvents from the framework. The subsequent loss at 200—400 °C can
be attributed to decomposing the immobilized ionic liquid moieties into the MIL-
101(Cr) nanocages, causing the collapse of framework.

Optimization of the reaction conditions

In this research, we report an efficient method for the synthesis of hexahydroqui-
noline derivatives in high yields via the multicomponent reaction of aromatic alde-
hydes, malononitrile, dimedone and aryl amines in the presence of HMTA-BAIL @
MIL-101(Cr) as an efficient catalyst. To optimize the reaction conditions, the
model reaction was performed using 3-nitrobenzaldehyde (1 mmol), malononitrile
(1 mmol), dimedone (1 mmol) and aniline (1 mmol) under various conditions. The
reaction conditions were optimized based on the solvent, catalyst and different tem-
peratures for the synthesis of hexahydroquinoline Sc¢ (Scheme 5).
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Fig.6 TGA curves of the MIL-101(Cr) and HMTA-BAIL@MIL-101 (Cr) under Ar atmosphere

Our research began with examine model study using different solvents such as
H,0, EtOH, H,O/EtOH (1:1), DMF, CH;CN, and also under solvent-free condi-
tions at varying temperatures. As shown in Table 1, with the increasing temperature
from the 25 to 100 °C under solvent-free conditions led to an increase in the product
yield within reducing reaction time and the best outcomes were achieved at 80 °C
(Table 1, entry 8). Then, to have a comparison between solvent-free conditions and
the presence of various solvents, the synthesis of hexahydroquinoline Sc¢ was car-
ried out in the presence of HMTA-BAIL@MIL-101(Cr) (0.008 g) as catalyst under
reflux conditions. Finally, the solvent-free condition was selected because it dem-
onstrated the surprising results of these experiments involve a higher yield in short
reaction time in comparison with other conditions.

To find the optimum amount of the nanocatalyst, the model reaction was accom-
plished by using catalyst amounts from 0 to 0.008 g. It was illustrated that the yield
was increased with the addition of HMTA-BAIL@MIL-101(Cr) quantity and no

CHO CN
HMTA@MIL-101(Cr)

o Solvent-free

NO,
NH,

Scheme 5 Model reaction for the synthesis of 2-amino-7,7-dimethyl-4-(3-nitrophenyl)-5-oxo-1-phenyl-
1,4,5,6,7,8-hexahydroquinoline-3-carbonitrile (5¢)
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Table 1 The optimization

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

of various temperatures and

solver.lts in the model reactions 1 B 25 120 65

by using 0.008 g of HMTA-

BAIL@MIL-101(Cr) as 2 - 60 20 23

nanocatalyst 3 - 80 10 98
4 - 100 10 98
5 EtOH Reflux 90 70
6 H,O/EtOH  Reflux 100 65
7 H,0 Reflux 110 31
8 DMF Reflux 120 70
9 CH;CN Reflux 130 75

Bold values emphasise the best reaction conditions considering reac-
tion time and yield of corresponding product

Tsolated Yield

product was obtained in the absence of the catalyst. Besides, the optimal amount
of catalyst was 0.008 g with 98% yield after 10 min (Fig. 7). Moreover, with the
increasing amount of the catalyst over 0.008 g no significant result was obtained.

To evaluate the catalytic efficiency of the HMTA-BAIL@MIL-101(Cr) in
the synthesis of hexahydroquinoline 5c¢, the model reaction was performed in the
absence of catalyst and also using various catalysts including HMTA, Cul, MgO,
MIL-101(Cr), ZnO and HMTA-BAIL@MIL-101(Cr) (Fig. 8). As shown in Fig. 8,
a trace amount of the desired product was obtained in the absence of a catalyst. Fur-
thermore, the summarized results from Fig. 8 demonstrated that the HMTA-BAIL @
MIL-101(Cr) was afforded the product in higher yield within a shorter reaction time
in comparison with other catalysts.

After optimization of the reaction conditions, we considered the synthesis of
hexahydroquinoline derivatives using various aldehydes and aniline derivatives in
the presence of 0.008 g of HMTA-BAIL@MIL-101(Cr) as catalyst at 80 °C under

—&—None —®—0.00lg ——0.003¢g 0.005g —®—0.008¢g
100

75

50

Yield (%)

0 150 300 450 600 750 900
Time(min)

Fig. 7 The optimization of catalyst amount for the synthesis of hexahydroquinoline 5¢
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Fig. 8 The effect of various catalysts and absence of a catalyst on the model reaction

solvent-free conditions (Table 2). As expected, the aldehydes bearing electron-with-
drawing groups lead to products with higher yields and shorter reaction time than
those with electron-donating groups.

To show the eligibility of HMTA-BAIL@MIL-101(Cr) in the synthesis of hexa-
hydroquinoline derivatives, we compared the presented method with some recently
published works. As shown in Table 3, the advantages of this research which make
it exclusiveness than other previously reported procedures, are clear reaction condi-
tions, high yield of products with high purity, short reaction time and reusability of
the catalyst for six times without considerable loss of catalytic activity.

Recycling and reusing of the catalyst

To continue, the reusability of the HMTA-BAIL@MIL-101(Cr) composite was stud-
ied under optimized reaction conditions. After completion of the reaction, the het-
erogeneous catalyst was dissolved in acetone and then the insoluble HMTA-BAIL @
MIL-101(Cr) was separated by simple filtration. As shown in Fig. 9, the HMTA-
BAIL@MIL-101(Cr) nanocatalyst could be used for six cycles whit a slightly
decreased in its activity from the first run to the sixth (98-90%). The chemical struc-
ture of recovered HMTA-BAIL@MIL-101(Cr) was verified using XRD pattern and
FT-IR spectrum. There is no significant difference between the XRD and FT-IR of
the fresh and recovered nanocomposite (Fig. 10). Also, the acid sites (1.23 mmol/g)
of the catalyst after 6 times reused had no dramatic changes based on the acid—base
titration measurement, in comparison with acid sites of the fresh HMTA-BAIL @
MIL-101(Cr) nanocomposite (1.26 mmol/g). These facts prove that the efficiency,
appearance and structure of HMTA-BAIL @MIL-101(Cr) catalyst remained intact in
recycles and there was no considerable deformation or leaching after 6 runs.

The proposed reaction mechanism
A plausible mechanism for the synthesis of hexahydroquinoline derivatives (5a-

5n) catalyzed by HMTA-BAIL@MIL-101(Cr) is shown in Scheme 6. It is pre-
sumed that HMTA-BAIL@MIL-101(Cr) acts as Brgnsted acid which increases
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Table 2 Synthesis of hexahydroquinoline derivatives (5) using HMTA-BAIL@MIL-101(Cr) as catalyst

Time Yield m. p. Lit. m.p.
Entry ArCHO ArNH, Product .
(min) (%) (Y] (°C)
CHO NH,
Sa 15 95 242-244 244-245133
CHO
NH,
5b 12 96 268-269 269-2715¢1
Br
CHO NH,
Sc ©\ 10 98 265-267 265-26787!
NO,
CHO
NH,
5d 12 97 241-242 New
CN
CHO
NH,
Se 20 95 255-257 New
SMe
NH, o
CHO NC
5f L 10 96 277-279 279-28014%
NO,
Me
CHO NH,
Sg 15 94 248-250 250-252834
Me Me
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Table 2 (continued)

Time Yield m. p. Lit. m.p.

Entry ArCHO ArNH> Product .
(min) (%)° (°C) (YO

s
= =
=]
Z
F
F oz
z e}
z
=}
)

Sh 96 257-259 259-26114%
Me
Me
CHO NH,
Si (; @ 10 98 256-258 258-2600481
Cl Me
CHO NH,
Cl
5j 10 95 265-267 267-26941
Cl Me
CHO NH,
5k 10 92 267-269 269-271854
Cl
o] Me
NH,
CHO ?
51 @\ @ 15 94 271-273 271-272834
NO,
Br
CHO NH,
Sm (; @ 15 97 274-276 275-276134
Br Br
Br
CHO NH,
5n 10 93 277-279 279-281134
Cl1
Cl Br
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Table 3 Comparison of the catalytic efficiency of HMTA-BAIL@MIL-101 (Cr) with other catalysts for

the synthesis of (5¢)*

Entry  Catalyst Conditions Time (min)  Yield (%)® TON®
1 MNP@BSAT @Cu(OAc), EtOH/reflux 14 83 [37] 93
2 Zr(HPO,), Solvent-free, (80 °C) 120 97 [34] 86
3 DBU (5 mol %) MW/EtOH, (90 °C) 4 96 [48] 63
4 [bmim*][BF ] 90 °C 5 96 [49] 450
5 HMTA-BAIL@MIL-101(Cr)  Solvent-free, (80 °C) 10 98 138

“Based on the multicomponent reaction of 3-nitrobenzaldehyde, malononitrile, dimedone and aniline.

bIsolated yield
“TON turnover number (mol of the product/mol of the

catalyst)

Fig.9 Reusability of HMTA- 98 98 9
BAIL@MIL-101(Cr) catalyst 100 94 -
95 90
g 90
=
T 8
- 80
159 T T T T T 1
1 2 3 4 5 6
RUN
(@) (b)

£ |Fresh

Intensity(a.u.)

M

Reused

I

4200 3900 3600 3300 3000 2700 2400 2100 1500 1500 1200 900 600

Wavenumbers/(em')

Fresh

T T

10
2 Theta/degree

20

Fig. 10 FT-IR spectrum (a) and XRD pattern (b) of the recovered HMTA-BAIL@MIL-101(Cr) after 6
runs

the electrophilicity of the carbonyl groups of the dimedone and aldehyde through
a strong coordination bond [34]. Initially, malononitrile reacts with aromatic
aldehyde catalyzed by the HMTA-BAIL@MIL-101(Cr) through a Knoevenagel
condensation to generate intermediate I. After that, the formation of intermedi-
ate III occurred from Michael-type addition of enamine II, which is obtained
from the reaction of dimedone and arylamine to intermediate I in the presence
of nanocatalyst. The intermediate III undergoes intramolecular cyclization and
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Scheme 6 Proposed mechanism for the synthesis of hexahydroquinoline derivatives using HMTA-BAIL
@MIL-101(Cr)

tautomerization using HMTA-BAIL@MIL-101(Cr) catalyst to form the desired
hexahydroquinoline derivatives in high yield and short reaction time.

Conclusion

In summary, we have designed an efficient and robust heterogeneous catalyst includ-
ing HMTA-BAIL@MIL-101(Cr) for the one-pot synthesis of hexahydroquinoline
derivatives via the reaction of aromatic aldehydes, aryl amines, malononitrile and
dimedone under solvent-free conditions. This new catalyst was easily recovered and
reused for six cycles without a significant loss of its catalytic activity. The charac-
terization of the prepared heterogeneous catalyst was carried out by various spec-
troscopy techniques like SEM, XRD, EDS, TGA, BET and FT-IR analysis. It is
notable that the procedure has shown diverse advantages, such as excellent yields of

@ Springer
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the preparation hexahydroquinolines, short reaction times, environmentally process,
reusability of the catalyst and low catalyst loading. Consequently, the presented
method provides a green and effective method for the synthesis of hexahydroquino-
lines under mild reaction conditions.
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