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Solvent-free synthesis of 1-amidoalkyl-2-naphthol and 3-amino-1-phenyl-1H
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as an efficient and novel heterogeneous magnetic nanostructure catalyst
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A green procedure for the one-pot three-component synthesis of 1-amidoalkyl-2-naphthol and 3-amino-1-phenyl-1H
benzo[flchromene-2-carbonitrile derivatives from the reaction of 2-naphtol, aldehydes, and malononitrile/acetamide
in the presence of a catalytic amount of Fe,O,@enamine-B(OSO;H), as an efficient and novel heterogeneous
magnetic nanostructure catalyst is described. The catalyst was characterized using Fourier transform infrared spec-
troscopy (FTIR), thermogravimetric analysis (TGA), vibrating sample magnetometry (VSM), energy dispersive X-ray
spectroscopy (EDX), and X-ray diffraction (XRD). These strategies possess some merits such as simple work-up
method, easy preparation of the catalyst, short reaction times, good-to-high yields, and non-use of hazardous solvents
during all steps of the reactions. Moreover, due to the magnetic nature of the catalyst, it was readily recovered
by magnetic decantation and can be recycled at least six runs with no considerable decrease in catalytic activity.
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INTRODUCTION

Energy sources have been used for various processes
and systems because this source has played a major role
in preventing pollution in our environment'. Nano
small-sized catalysts due to their high surface area can
be enhanced the chemical synthesis expediency®®. Among
the many efforts to find the appropriate support used for
the synthesis of heterogeneous catalysis, functionaliza-
tion of the Fe;O, magnetic nanoparticles (MNPs) due
to the ability to adjoin to functional groups with strong
connection, high stability and availability have emerged
as a thoughtfully route to bridge the gap between homo-
geneous catalysis and them’”. Some features of MNPs,
such as a tendency to agglomeration due to the strong
dipole-dipole attraction and deform during the reaction
period will limit their utilization'®". Thus, in order to
increase the efficiency of this kind of nanoparticles in the
various special process, functionalization and modification
of their surfaces are necessary. Surface modification of
the magnetic nanoparticles by silica layers improves their
capability to interact with organic compounds through OH
groups on the silica surfaces™™. Due to the magnetic
nature of the iron oxide nanoparticles, they can provide
a variety of potential usages such as drug delivery, MRI
contrast agents, hyper thermal agents, and cell sorting'>2°.
Also, in the catalysts synthesized using these magnetic
supports, the final product can be readily isolated from
the reaction medium by an external magnet.

The synthesis of 1-amidoalkyl-2-naphthol and its
derivatives have attracted much attention of synthetic
researchers because of their important biological and
pharmacological features such as bradycardia and
depressor effects in humans®*~*2, Many homogeneous
or heterogeneous catalysts have been reported for

the preparation of 1-amidoalkyl-2-naphthol derivati-
ves via three-component condensation of 2-naphthol,
acetonitrile, and aldehydes, of which oxalic acid®, 1,4,
Indion-130%, InCl;*, H,NSO,H?, K;CoW,,0,,-3H,0%,
TMSCI/Nal?, Fe(HSO,);*, Yb(OTf), in ionic liquid®,
p-toluenesulfonic acid®, 2,4,6-trichloro-1,3,5-triazine®,
HPMo*, Sr(OTf),*, and montmorillonite K,,** are
examples. Aminochromene structure moiety has also
been successfully employed for the synthesis a variety
of derivatives with remarkable biological and pharma-
cological properties. In addition, Aminochromene deri-
vatives have been introduced to have antimicrobial’’-,
anticancer?*!, antiviral***, antibacterial*, and central
nervous system (CNS)* activities. The synthetic method
for the synthesis of substituted 3-amino-1H-chromenes
is one of the aminochromene derivatives involve: the
condensation reaction of 2-naphthol, aldehyde, and
malononitrile. There are some methods, such as using
CuO-Ce0,*, basic ionic liquids**, K,CO,*, Rochelle
salt®®, and DABCO?®! as homogeneous or heterogeneous
catalysts which have been presented to the synthesis of
3-amino-1H-chromenes derivatives. Some of the above-
-mentioned catalysts suffer from disadvantages such as
Hazardous organic solvents, tedious work-up, long re-
action times, low yields of the product, drastic reaction
conditions, toxic and corrosive reagent, and use of mi-
crowave or ultrasonic irradiation. Therefore, to overcome
these drawbacks, there is still much demand to expand
an efficient and simple heterogeneous catalytic system
for the preparation of amidoalkyl naphthols derivatives.

EXPERIMENTAL

All the pure materials were prepared from Fluka,
Merck, and Aldrich chemical companies. The FT-IR
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spectra were obtained using a Fourier-transform infrared
spectrometer (PerkinElmer PXI spectrometer in KBr
wafers). A VSM (VSM; Lake Shore 7200 at 300 K VSM)
was used to analyze magnetic susceptibility measure-
ments. The energy dispersive X-ray spectroscopy (EDX)
was applied to the chemical composition of synthesized
nanoparticles with an (ESEM, Philips, and XL30). The
structure of MNPs was examined using a scanning elec-
tron microscope (SEM-LEO 1430VP analyzer). Analysis
of the crystalline phase was carried out with an X-ray
diffraction XRD-6100 Shimadzu, Japan. The thermal
stability of the magnetic nanoparticles was accomplished
with a TG209 F1; Netzsch, Germany.

CATALYST SYNTHESIS

Synthesis of Magnetic Nanoparticles (Fe;O,).

In this way, 2.2 g of FeCl, - 4H,0O and 5.7 g of
FeCl; - 6H,O were dissolved in 60 ml of deionized water
in a beaker under vigorous stirring and nitrogen gas
protection for 1h. Then 5 ml of ammonium hydroxide
solution was added slowly into the reaction mixture until
the content of the reaction vessel reached pH 11.0 and
the black precipitate was achieved. The reaction was at
continued at ambient temperature under agitation for
another 1 h. After completion of the reaction, the pre-
cipitate was isolated by an appropriate external magnetic
field and rinsed three times with deionized water to
remove any unreacted chemicals. Finally, the magnetic
nanoparticles dried under vacuum oven at 50°C for 18 h
and stored in airtight containers.

Synthesis of silica coated magnetic nanoparticles
(Fe;0,@Si0,).

First, 0.1 g of fabricated Fe;O, MNPs was dispersed in
a mixture of 50 mL ethanol, 8 mL deionized water and
4 mL of aqueous ammonia (28 wt%) under mechani-
cal stirring for 30 min. The next step was followed by
the dropwise addition of 0.5 mL TEOS to the above
solution under vigorous sonication for another 30 min.
After continuous stirring at 400 rpm for 24 h at room
temperatures, the silica coated magnetic nanoparticles
were isolated by magnetic decantation and then rinsed
several times with the equal values of ethanol and dis-
tilled water to remove nonmagnetic byproduct, and finally
dried at vacuum conditions at 50°C for 15 h.

Synthesis of Fe;O, bonded aminopropyltriethoxysilane
(Fe;O,@APTES).

About 1 g of the Fe;0,@SiO, was dispersed in a re-
action flask containing 40 mL of dry toluene by ultraso-
nication vibration for 30 min, followed by the addition
of 2 mL of aminopropyltricthoxysilane (APTES). The
achieved solution was mechanically stirred at 400 rpm for
24 h under reflux conditions. After reaching the desired
product, the precipitates of core-shell Fe;O,@APTES
nanoparticles were isolated by magnetic decantation,
rinsed three times with deionized water and anhydrous
ethanol, and dried under vacuum oven at 50°C for 15 h.

Synthesis of Fe,O,@APTES bonded aspartic acid
(Fe;O,@APTES/ASA).

1 g of Fe,;O,@APTES nanoparticles was poured in
40 mL ethanol and dispersed by ultrasonic vibration;
then, 0.5 g of aspartic acid (ASA) was added, and the
achieved solution was mechanically stirred for 24 h
under reflux conditions. At the end of the reaction, the
Fe,O,@APTES/ASA nanoparticles were extracted from
the reaction vessel using an external magnetic field, wa-
shed three times with equal amounts of deionized water
and anhydrous ethanol to remove any unreacted organic
groups, and dried under vacuum oven at 50°C for 15 h.

Synthesis of Fe,O,@enamine-B(OH),.

About, 1 g of Fe;O,@APTES/ASA nanoparticles
were dispersed in 50 mL dry ethanol and sonicated for
30 min. Then, 4 mmol of 2-formylbenzeneboronic acid
was added into the reaction flask and the solution was
refluxed and mechanically stirred for 24 h under a con-
tinuous flow of nitrogen gas. Finally, the resultant was
collected using an appropriate magnetic field and rinsed
three times with equal amounts of distilled water and
ethanol to eliminate any unreacted chemicals, and dried
under vacuum oven at 50°C for 15 h.

Synthesis of Fe,O,@enamine-B(OSO;H),.

To prepare Fe;O,@enamine-B(OSO;H),, 2 g of
Fe;O,@enamine-B(OH), was dispersed in 20 mL of dry
dichloromethane for 30 min using ultrasonication. After
that, 10 mmol of chlorosulfonic acid was added dropwise
to the reaction solution and the obtained mixture was
stirred at 0°C for 6 h. Finally, these precipitates were
separated with an external magnetic field, rinsed three
times with 30 mL of with water and ethanol to eliminate
the unreacted residue of the chemicals, and next dried
in a vacuum oven at 60°C for 12 h. All stages of the
Fe,O,@enamine-B(OSO;H), synthesis are exhibited in
Scheme 1.

FTIR analysis of Fe,O,@enamine-B(OSO;H),.

The FT-IR spectra of the Fe,O,, Fe;0,@Si0,, Fe;0,@
APTES, Fe,O0,@APTES/ASA, Fe,O,@enamine-B(OH),,
Fe;O,@enamine-B(OSO;H), and recovered Fe;O,@
enamine-B(OSO;H), samples in the ranging from 400
to 4000 cm™ are illustrated in Fig. 1. FT-IR spectra
of the Fe;O, exhibited the characteristic Fe-O and the
OH groups attached to the iron absorptions at 583 and
3391 cm™, respectively. In about the Fe,0,@SiO,, the
characteristic absorption band’s appeared at 1052 cm™!
can be attributed to the stretching vibration of the Si-O-
-Si group. In the case of Fe;O,@APTES, The existence
of an anchored alkyl group is exhibited by the band at
about 2984 cm™, which corresponds to the C-H stretching
vibration mode. The achieved FT-IR spectra for Fe,O,@
APTES/ASA contained characteristic stretching and
bending vibrations at 1492, and 3307 cm™ related N-H
groups, respectively. The presence of the phenylboronic
acid in the spectra of Fe,O,@enamine-B(OH), is confir-
med by the B-C vibration at 1375 cm™'. Characteristic
SO;H groups are presented at 1098 and 1173 ecm™ in
the spectra of Fe;O,@enamine-B(OSO;H), From the
spectra of recovered Fe;O,@enamine-B(OSO;H), we



Pol. J. Chem. Tech., Vol. 22, No. 2, 2020 11

0 NH;
FeCly6H,O . -
FeCl, 4H,O =
Fe 0, Fe,0,@SiO,
T
HO
~ —
o NH, 0 : _OH
@/L“ (o] HN J)
TN OH 2 OH H
Si l\l — Si/\/\i\i_
Fe;O,@APTES/ASA Fe O @enamine-B(OH),
— _OSOH
HN (])
CISOH 'WOSOJH SO3H
Fe;0 @enamine-B(0OSO;H),

Scheme 1. Synthetic route of Fe,O,@enamine-B(OSO;H),

can see that the catalyst after the third recovery and
reuse do not exhibit any difference.
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Figure 1. FTIR spectra of Fe,O,, Fe,0,@SiO,, Fe,O,@APTES,
Fe,O0,@APTES/ASA, Fe,O,@enamine-B(OH),, and
Fe,O,@enamine-B(OSO;H),

TGA analysis of Fe;O,@enamine-B(OSO;H),.

As observed in Fig. 2, thermogravimetric analysis (TGA)
was applied for measuring the thermal constancy of the
Fe,O,, Fe;O,@APTES, Fe,O,@APTES/ASA, Fe,O,@
enamine-B(OH),, and Fe;O,@enamine-B(OSO;H), at
10°C min~! of heating rate under a nitrogen atmosphere.
As can be seen in all of the samples, the weight loss in
the temperature range below 240°C was observed due to
evaporation of physically adsorbed H,O molecules and
dehydration of the surface OH groups. In the curve of

Fe,O,@APTES, a weight loss up to 300°C is also ob-
served, which is associated to the thermal decomposition
of APTES group. The weight loss stages up to 350°C
were observed in thermogram for Fe;O,@APTES/ASA,
which can be related to the decomposition of APTES
and ASA groups. Fe;O,@enamine-B(OH), and Fe,O,@
enamine-B(OSO;H), have another two weight loss stages
up to 450°C, which is associated with the decomposition
of functionalized groups on the magnetic nanoparticles
surface.
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Figure 2. TGA curves of Fe,O,, Fe,0,@SiO,, Fe,O,@APTES,
Fe;0,@APTES/ASA, Fe;0,@enamine-B(OH),, and
Fe,0,@enamine-B(OSO;H),

EDX analysis of Fe;O,@enamine-B(OSO;H),.

The components of the Fe,O,@enamine-B(OSO;H),
were characterized by using energy dispersive X-ray
spectroscopy (EDX) (Fig. 3). The EDX spectrum exhi-
bits elements, including Fe, Si, C, O, and N, which are
present in the catalyst substrate. The existence of sulfur
in the Fe,O,@enamine-B(OSO;H), illustrates that SO,H
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Figure 3. EDX spectra of Fe;O,@enamine-B(OSO;H),

groups was attached to the functional groups of Fe,O,@
enamine-B(OH),.

VSM analysis of Fe,O,@enamine-B(OSO4H),.

The magnetization measurements of the Fe;O,,
Fe,0,@Si0O,, and Fe;O,@enamine-B(OSO;H), were
surveyed by vibrating sample magnetometer (VSM) at
room temperature. As shown on Fig. 4, the saturation
magnetization of Fe;O,, Fe;0,@SiO,, and Fe;0,@
enamine-B(OSO;H), were found to be at about 61.82,
51.34, and 32.56 emu/g, respectively. The decrease in
value of the saturation magnetization can be assigned to
the presence of silica-layers, organic groups, and sulfuric
acid groups on the surface of the magnetic nanoparticles.
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Figure 4. Magnetization curves of Fe,;O,, Fe,0,@SiO,, and
Fe,O,@enamine-B(OSO,H),

XRD analysis of Fe;O,@enamine-B(OSO,H),.

The X-ray diffraction (EDX) patterns of the Fe;O,,
Fe;O,@enamine-B(OH),, and Fe;O,@enamine-
B(OSO;H), indicates the preservation spinel phase of the
magnetic nanoparticles during the surface modification
(Fig. 5). The reflections of the all samples were found to
be 27.65, 33.74, 43.68, 52.87, 58.76 and 64.79 to the (220),
(311), (400), (422), (511), and (440) planes, respectively.
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Figure 5. The XRD patterns of Fe,O,, Fe;O,@enamine-
-B(OH),, and Fe,O,@enamine-B(OSO;H),

RESULTS AND DISCUSSION

In continuation of our investigations and on the basis of
the achieved information, Fe;O,@enamine-B(OSO;H),
was tested as a separable heterogeneous magnetic nano-
catalyst for the synthesis of 1-amidoalkyl-2-naphthol and
3-amino-1-phenyl-1H-benzo[f]chromene-2-carbonitrile
derivatives under solvent-free conditions (Scheme 2).

Fe;0@enamine-B(OSO;H),

+t — Solvent-free conditions

RCHO HN—<
J 2
Scheme 2. Synthesis of 1-amidoalkyl-2-naphthol and 3-amino-

-1-phenyl-1H-benzo[f]chromene-2-carbonitrile deriva-
tives using Fe;O,@enamine-B(OSO;H),

Firstly, the catalytic efficiency of Fe;O,@enamine-
-B(OSO;H), was surveyed in a three-component reac-
tion for the preparation of 1-amidoalkyl-2-naphthol and
3-amino-1-phenyl-1H-benzo[f]chromene-2-carbonitrile
derivatives. To find the optimal conditions, the reaction
between 2-naphtol, 4-chlorobenzaldehyde, and aceta-
mide with 1:1:1 molar ratios and the reaction between
2-naphtol, 4-chlorobenzaldehyde and malononitrile with
1:1:1.1 molar ratios were selected as the model reac-
tions, respectively. The effects of various factors such
as amounts of the catalyst, solvents, and temperatures
were studied on the rate and yield of the 1-amidoalkyl-
-2-naphthol and 3-amino-1-phenyl-1H-benzo[f]chrome-
ne-2-carbonitrile synthesis reaction (Table 1). As can
be seen, in the presence of the catalyst, with different
solvents such as H,O, EtOH, CH,CN, CHCl;, DME
and toluene, under reflux conditions, the yields of the
desired products were low-to-moderate (Table 1, entries
1-6). The outcomes showed that the model reactions
using 15 mg of the Fe;O,@enamine-B(OSO;H), as the
heterogeneous magnetic nanocatalyst at 90°C in the ab-
sence of solvent proceeded with the highest yields of the
products (Table 1, entry 7). The effect of temperature on
the reactions times and products yields are well proved.
As can be seen from this table (Table 1, entries 7 and
11-13), the reactions times of the model are significantly
reduced and subsequently products yields also increase
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Table 1. Optimization one-pot three-component reaction between 2-naphtol, acetamide and 4-chlorobenzaldehyde, and the reaction
between 2-naphtol, malononitrile, and 4-chlorobenzaldehyde under different conditions

Time [min] Yield [%]°
Entry Solvent Catalyst [mg] Temp. Method [a] Method [b] Method [a] Method [b]
7 H,0 15 Reflux 70 60 59 65
2 EtOH 15 Reflux 70 60 62 73
3 CH,CN 15 Reflux 95 75 50 56
4 CHCl 15 Reflux 100 90 42 50
5 DMF 15 Reflux 100 90 35 46
6 toluene 15 Reflux 90 80 54 63
7 — 15 90°C 10 12 94 94
8 = 15 25°C 120 75 35 43
9 = 15 50°C 95 60 43 58
10 = 15 60°C 85 45 61 69
11 - 15 70°C 45 30 88 85
12 - 15 80°C 20 20 91 90
13 - 15 100°C 10 10 94 92
14 = 5 90°C 60 55 54 60
15 - 8 90°C 45 30 65 69
16 - 12 90°C 20 15 80 78
17 - 18 90°C 10 12 94 93
18 = 20 90°C 15 20 93 91

? The yields refer to the isolated product

substantially. Our investigations exhibited that the weaker
outcomes can be achieved at temperatures below 70°C,
even in the presence of 15 mg of the Fe;O,@enamine-
-B(OSO;H), (Table 1, entries 8-10). In continue, we
investigated the effect of catalyst concentration (such as
5, 8, 12, 15, 18, and 20 mg) on the completion of the
reaction (Table 1, entries 7 and 14-18) and as guessed,
the yields of the products have decreased remarkably in
low concentrations of the catalyst, whereas the reactions
times have increased (Table 1, entries 14-16). When the
reactions were performed in high concentrations of the
catalyst, none of these model reactions were obtained
with the highest percentages of the products (Table 1,
entries 17-18).

As shown in Table 2, to further explore the efficien-
cy of the heterogeneous magnetic nanocatalyst using
these optimized reaction conditions, a range of 1-ami-
doalkyl-2-naphthols were synthesized by the one-pot
three-component condensation of 2-naphtol, acetamide,
and aldehydes having electron-donating as well as elec-
tron-withdrawing groups, using 15 mg of the Fe;O,@
enamine-B(OSO;H), under solvent-free conditions at
90°C in high-to-excellent yields with short reaction times.

After the successful preparation of a series of 1-amido-
alkyl-2-naphthols, we decided to explore the effectiveness
of the Fe;O,@enamine-B(OSO;H), in the synthesis of
3-amino-1-phenyl-1H-benzo[f]chromene-2-carbonitriles
by the one-pot three-component condensation of 2-na-
phtol, malononitrile and aldehydes having electron-do-
nating as well as electron-withdrawing groups using 15
mg of the Fe,O,@enamine-B(OSO,H), under solvent-
-free conditions at 90°C. As shown in Table 3, the final
products were achieved in high-to-excellent yields under
the above-mentioned conditions.

A suggested mechanism for the preparation of the
1-amidoalkyl-2-naphthol (4) and 3-amino-1-phenyl-1H-
-benzo[f|chromene-2-carbonitrile (6) derivatives via
one-pot three-component condensation is shown in
Scheme 3. Initially, Fe;O,@enamine-B(OSO;H),, as
a heterogeneous magnetic nanocatalyst, activates the
carbonyl group of the aldehyde 3 and then naphthol 1
and malononitrile 2 (raw materials that produce 4 and

6, respectively) react with the activated aldehyde to
give intermediate 7 and 8. The condensation between
intermediate 7 with amide 5 affords product 4. Also,
Intermediate 9 causes by the Michael addition of 2-na-
phthol 1 to alkylidenemalononitrile 8, which produces
the final product 6 by cyclization and dehydrogenation
of intermediate 10.

Reusability of Fe;O,@enamine-B(OSO;H), as a novel
and efficient heterogeneous magnetic nanocatalyst was
confirmed in the preparation of 1-amidoalkyl-2-naphthol
4 (a) and 3-amino-1-phenyl-1H-benzo[f]chromene-2-car-
bonitrile 6 (b) derivatives. Thus, after completion of the
reaction, ethyl acetate as a polar solvent was added to the
backer, and the reaction mixture was heated for 10 min.
Extraction with magnetic decantation was achieved the
corresponding product and the catalyst remained in the
beaker. The recovered magnetic catalyst was rinsed with
distilled water and reused with the negligible decrease
in catalytic activity for six runs (Fig. 6).

Ldldlybl SO;H
w\
\ \ P _-catalyst-SO;H
\>
Ho\ \

H,N ;R

f; SN

R ‘\ /’NH

(0]

10
Scheme 3. A suggested mechanism for the synthesis of 1-amido-
alkyl-2-naphthol (4) and 3-amino-1-phenyl-1H-benzo[f]
chromene-2-carbonitrile (6) derivatives catalyzed by
Fe,O,@enamine-B(OSO,H),
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Table 2. Synthesis of 1-amidoalkyl-2-naphthol (4) derivatives catalyzed by Fe,O,@enamine-B(OSO;H),*

. Time | Yield | M.P(Obsd) M.P (Lit)
Entry Amide Aldehyde (3) Product [min] [%)° RS rc)
0 0 OH
1 ©)LNH2 ©)LH O NH 12 95 231-233 234-236%
O%\©
4a
0 0 OH
2 ©)LNH2 /©)LH O NH 10 96 262265 | 265-267%
cl cl 0%\©
4b
0 0 OH
3 ©)LNHZ /@\)LH O NH 12 96 235237 238-239%
cl cl cl Clo%\@
4c
g ‘ OH
0 o)
NH
4 ©)LNHZ O)L H O 10 % 233-236 237-239%
4d
o o OH
5 @ANHz /©)LH O NH 15 93 187-189 | 182-184%
Br Br o%\©
4e
O .| T,
6 ©)LNH2 @AH O NH 25 90 211215 | 214-216%
o
OMe OMe %\©
4
o ! ! OH
o MeO
NH
7 ©)LNH2 Meo\@\)LH O 40 90 239-241 238-240%
OMe MeO o
49
0 . | T,
8 N H NH 10 94 233-235 235-236
H;C” "NH, be
c cl 07 “CH;,
4h
O .,
9 H 25 87 196-198 198-199*
wh | I |
Cl Cl cl Clo CH,
4i
0 .| OO,
10 H 20 90 185-189 180-182%
whoe || Oy
2 ON 0~ “CH,
4
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0 . | O,
11 H 15 93 246-249 248-250%
H;C)LNHz O)L NH
0N O,N OZ\CH
2 3
4K
12 o 0 OO OH
H 20 95 228-230 229-231%
wha | O | oy
Br Br 07 “CH,
4l
0 O OO,
13 H 20 91 247-249 251-253%
o | LT oy
Me),N
(Me), (Me),N 07 >CH
4m
Me
14 P MeO H NH 30 95 215-218 220-221%
H;C” "NH, o //l\CH
OMe MeO 3
4n
0 i ! OH
o
15 _ )LNH H O E\H 25 92 227-229 235-236"
3 2 MeO MeO O~ "CH;
OMe OMe
40
Q ! ‘ OH
(6] H 57
16 L NH 15 93 200-202 203-205
H;C” "NH, A
OM 0”7 "CH;,
¢ OMe
4p
o o g ‘ OH
17 15 93 238-240 241-243%
whw || O
0”7 "CH;,
4q
o o ! ‘ OH
18 35 89 172-174 176-175%
e || O
0~ "NH,
4r
0 .| T,
18 H 35 88 170-172 168-169%"
ol | Oy
1
¢ cl 07 NH,
4s
0 . | T,
18 H 35 84 165-168 163-165%
wdw, || oy
0,N
2 O,N 07 "NH,
4t

# Reaction conditions: 2-naphtol (1 mmol), aldehyde (1 mmol), amide (1 mmol), Fe;0,@enamine-B(OSO;H), (15 mg).

A comparison between the previously reported me-
thods and our procedure could highlight the efficiency
of the synthesized catalyst Fe;O,@enamine-B(OSO;H),
for the preparation of 1-amidoalkyl-2-naphthol (4) and
3-amino-1-phenyl-1H-benzo[f]chromene-2-carbonitrile

15

(6) derivatives. To ensure the safety, cleanliness and
simplicity of classical strategies, solvent-free procedures
from the perspective of green chemistry are important.
The outcomes tabulated in Table 4 show that our pro-
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Table 3. Preparation of 3-amino-1-phenyl-1H-benzo[ |chromene-2-carbonitrile (6) derivatives using Fe,O,@enamine-B(OSO;H),
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as a catalysta

Time . M.P(Obtd) M.P (Ref)
Entry Product Aldehyde (3) Product [min] Yield[%] rcj ]
NH,
o o CN
1 6a ©)LH O O 18 92 277-279 279-280%°
NH,
CN
Cl O 0N
2 6b ©)LH O O 12 92 273-275 271-272%
NH,
o o N
3 6c CIO)LH O O cl 15 92 210-212 202-204%
NH,
0) 0 CN
12 6l /©)LH O O 25 92 272-274 273-274%
Me O Me
NH,
CN
OMeO O """ OMe
13 6m ©/‘LH O O 25 93 220-222 219-222%
NH,
o o N
14 6n /©)LH O O 20 92 195-197 185-187%°
MeO O OMe
NH,
0 0 CN
15 60 /@J\H O O 20 94 210-212 215-217%
F5C O CF,
NH,
o o N
16 6p HOO)LH O O OH 15 91 281-283 280-282%
NH,
0 0 CN
17 6q /@J\H O O 20 96 285-287 288-290%
HO ‘l OH

 Reaction conditions: 2-naphtol (1 mmol), aldehyde (I mmol), malononitrile (1.1 mmol), Fe;0,@enamine-B(OSO;H), (15 mg).
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Figure 6. The recycling of Fe,O,@enamine-B(OSO;H), in
the synthesis of 1-amidoalkyl-2-naphthol 4 (a) and
3-amino-1-phenyl-1H-benzo[f]chromene-2-carboni-
trile 6 (b) derivatives

Table 4. Different catalysts for the preparation of 1-amidoal-
kyl-2-naphthol (4) and 3-amino-1-phenyl-1H-benzol[f]
chromene-2-carbonitrile (6) derivatives

1-amidoalkyl-2-naphthol (entries 1-9)

1)KHSO./Solvent-free/100°C
1h, 90%, Ref:65

2) Fe(HSO4)s/Solvent-
free/85°C
25h, 56%, Ref:30

3) l/Solvent-free/125°C
5.5h, 85%, Ref:24

4) Succinic acid /Solvent-
free/120°C
25 min, 93%, Ref:66

5) K5COW12040.3H20 /Solvent-
free/125°C
2h, 86%, Ref:28

6) MgSO,.7H0 /Solvent-
free/100°C
1h, 91%, Ref:67

7) Baz(PO4)./Solvent-
free/100°C
45 min, 87%, Ref:68

8) Nano SnO./Solvent-
free/25°C
35 min, 81%, Ref:69

9) Fe;0,@enamine-B(OSOsH),/Solvent-free/90°C, 15 min, 93%,
Ref: This work

3-amino-1-phenyl-1H-benzo]filchromene-2-carbonitrile
(entries 10-16)

10) Morpholine/H,O/r.t.
3h, 87%, Ref:70

11) DABCO/EtOH/r.t.
2h, 72%, Ref:51

12) Fe(HSO4)s/CH3CN/Reflux
4h, 85%, Ref:71

13) CuS0O,-5H,0/H,0/Reflux
80 min, 85%, Ref.62

14) Nanozeolite
CP/H,0O/Reflux
20 min, 92%, Ref:72

15) Methanesulfonic
acid/CH;CN/Reflux
4h, 91%, Ref:73

94%, Ref: This work

16) Fe;0,@enamine-B(0OSO3H)./Solvent-free/90°C, 12 min,

cedure, utilizing Fe,O0,@enamine-B(OSO;H),, provided
the highest yields of the products in low reaction times.

CONCLUSIONS

The prepared magnetic nanocatalyst was characterized
by several techniques such as FTIR, TGA, VSM, EDX
and XRD analysis. Magnetic recovery of the catalyst
Fe,O,@enamine-B(OSO;H), was discovered to be
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a highly effective and economically sustainable catalyst
for the synthesis of a wide range of substituted 1-ami-
doalkyl-2-naphthol and 3-amino-1-phenyl-1H benzol[f]
chromene-2-carbonitrile derivatives through a one-pot
three component condensation reaction. The main
properties of these procedures are a simple work-up
method, easy preparation of the catalyst, short reaction
times, good-to-high yields, and non-use of hazardous
solvents during all steps of the reactions.
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