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1. Introduction
Nitrogen-containing heterocyclic compounds 

like morpholine or piperidine derivatives are very 
important chemical compounds, with a wide 
variety of research dedicated to the development of 
novel structures. Over the past two decades, they 
have received increasing attention from scientists 
because of their biological and pharmacological 
activities [1-6].  They are very important chemical 
structures [7, 8] in drug discovery and also good 
intermediates for the synthesis of some important 
organic compounds [9-11]. There have been 
great advances in the development of numerous 
heterocyclic synthesis protocols and catalytic 
methods [12,13].

Scientists are very interested in the biosynthesis 
of nanomaterials because this method focuses on 
the production of the desired product without 
producing harmful intermediate byproducts 

during the chemical reaction [14,15]. The rare 
earth oxide nanoparticles (REO NPs) such as 
samarium, yttrium, europium, and cerium, gained 
much attention as important metal oxide NPs due 
to various applications, including sensors, selective 
electrodes, and catalysis [16–18]. They have gained 
considerable importance in organic synthesis 
because of their small size, large specific surface 
area, ease of handling, enhanced reaction rates, 
high selectivity, and simple workup [19–21]. They 
show good catalytic properties in several reactions 
including synthesis of ammonia and oxidative 
coupling of methane [22]. Samarium oxide 
nanoparticle (Sm2O3 NPs) is one of the main rare 
earth oxide nanomaterials owing to their intrinsic 
properties which is used in various fields such 
as nano-electronics, optics, infrared radiation-
absorbing glass, solar cells, semiconductors, 
sensors, and catalyst [23-27]. According to the 
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above reasons, we predict that samarium oxide 
nanoparticles can be helpful to increase catalytic 
activity for the synthesis of morpholine or 
piperidine derivatives. So in connection with our 
previous studies on the biosynthesis of catalyst, 
design, and synthesis of heterocyclic compounds 
[28–30], we present an effective catalyst for 
designe and synthesis of new derivatives of some 
morpholine and piperidine in ethanol. Hibiscus 
Syriacus Ardens belongs to the Malvaceae family, 
known as Rose of Sharon, was used for the synthesis 
of Sm2O3 NPs.

2. Experimental 
2.1. Chemicals and Instrumentation

All chemicals and solvents were purchased 
from Merck and Aldrich. The production of nano 
compounds was monitored by measuring the 
UV-Vis spectrophotometer (JENWAY 650), in 
the wavelength range of A200 to A800 nm and 
determined by powder X-ray diffraction (XRD) PW 
3040/60 X’Pert PRO diffractometer system, using 
Cu Ka radiation with (λ = 1.5418 Å) in the range of 
2θ = 20–80° at room temperature. The morphology 
and sizes of NPs were evaluated using a scanning 
electron microscope (SEM) and transmission 
electron microscope (TEM, 150 kV, and Philips-
CM 10) by Daypetronic Company-Iran. FT-IR 
measurements were recorded on a Shimadzu 8400s 
spectrometer with KBr plates. The NMR spectra 
were recorded on Bruker XL 400 (400 MHz) 
instruments; Mass-spectrometric measurements 
were made on an Agilent 6890 N Network GC 
system. The C, H, N analyses were performed 
by the microanalytical service of Daypetronic 
Company. Melting points were determined on an 
Electrothermal 9100 without further corrections. 

2.2. Preparation of Sm2O3 NPs 
Purple Rose of Sharon was collected from 

Mazandaran, a province north of Iran. The flower 
was first washed thoroughly in DI water, dried at 
room temperature for one week, and then ground 
in a blender before extraction. 

The powdered Rose of Sharon flower was 
weighted (500 g) in a beaker and percolated 
with ethanol. This beaker was properly covered 
with aluminum foil and left for 72 hours. The 
solution was then filtered using a funnel filled in 
a filter paper and the extract was obtained. It was 
concentrated using a rotary evaporator and stored 
in the refrigerator at 4o C before use.

Rose of Sharon flower extract (0.5 g) was 
dispersed into 50 ml of ethanol: H2O (1:1). The 
aqueous solution of Sm(NO3)3.6H2O (0.3 g) 
in water (20 ml) was added dropwise into the 
reaction mixture through a dropping funnel by 
ultrasonication for 30 min and gently stirred at 60oC 
using a temperature-controlled magnetic stirrer for 
2 h, after that 0.02 M NaOH was added dropwise 
to the solution to achieve the pH 10. The mixture 
was stirred for 24 extra hours. The completion of 
the reaction was monitored by UV-Vis spectra at 
300-600 nm (λmax= 244, 324 nm). After completion 
of the reaction, the precipitate was purified by 
several re-dispersions in deionized water and then 
centrifuged at 8000 rpm for 20 min, dried at 100 
°C. The solid samples were then calcined at 500 °C 
for 4 h.

2.3. General procedure for the synthesis of 
morpholine and piperidine derivatives

Morpholine or piperidine (1 mmol), β-naphthol 
(1 mmol),  sugar (1 mmol), and a catalytic amount 
of Sm2O3 NPs (5 mol%) were mixed and reacted 
in ethanol (10 ml) under reflux conditions. 
The progress of the reaction was monitored by 
TLC using n-hexane: ethyl acetate (1:1) and 
detected by a UV lamp (254 & 366 nm). At the 
end of the reaction, the catalyst was separated by 
centrifugation, filtered, washed with ethanol and 
water, dried at 80 °C for 1h, and reused for the same 
reaction. The residue of the reaction mixture was 
evaporated, and the crude product was purified 
by recrystallization using ethanol and water. The 
products were determined by CHN analyses, NMR, 
and FT-IR spectra. The synthetic route for the same 
has been presented in Scheme 1.

2.4. (2R,3R,4R,5S)-6-(2-hydroxynaphthalen-1-yl)-
6-morpholinohexane-1,2,3,4,5-pentaol (1)

Reaction of Morpholine (1 mmol), β-naphthol 
(1 mmol),  and d-glucose (1 mmol), yellow 
powder. FT-IR spectrum, ν, cm–1: 3418.82 (OH), 
3015.33 (CHAr), 2921.75 (CHAliphatic), 2857.66 
(CHAliphatic),1628.14 (C=C), 1600 (C=C), 1514.55, 
1456.46 (C=C), 1394 (C-N), 1274.14 (C-N), 

Scheme 1- Synthesis of compound 4.
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1113.14 (C-O), 1020.00 (C-O). 1H NMR spectrum 
(400 MHz, DMSO-d6), δ ppm (J, Hz): 8.52 (s, 1H, 
OH), 7.71 (dd, 2H, J = 2.4, 7.7 Hz, CHAr), 7.63 (d, 
1H, J = 8.0 Hz, CHAr), 7.34 (t, 1H, J = 7.3 Hz, CHAr), 
7.21 (t, 1H, J = 7.2 Hz, CHAr), 7.17 (d, 1H, J = 2.4 
Hz, CHAr), 4.02-4.98 (br, 5H, OH), 3.55-3.74 (br, 
7H, CH, CH2), 3.52 (t, 2H, J = 4.8 Hz, CHmorpho), 
3.48 (t, 2H, J = 5.2 Hz, CHmorpho), 3.39 (t, 2H, J = 
4.8 Hz, CHmorpho), 3.37 (t, 2H, J = 5.2 Hz, CHmorpho). 
13C NMR spectrum (100 MHz, DMSO-d6), δ, ppm: 
161.65, 156.04, 135.09, 129.66, 128.04, 127.96, 
126.52, 126.37, 122.98, 119.28, 109.15, 78.73, 78.07, 
70.76, 69.24, 67.14, 66.16, 47.69, 45.60. Found, %: 
C, 60.85; H, 6.77; N, 3.45. C20H27NO7 (393.18). 
Calculated, %: C, 61.06; H, 6.92; N, 3.56. 

2.5. (2R,3S,4R,5S)-6-(2-hydroxynaphthalen-1-yl)-
6-morpholinohexane-1,2,3,4,5-pentaol (2)

Reaction of Morpholine (1 mmol), β-naphthol (1 
mmol),  and d-galactose (1 mmol), yellow powder. 
FT-IR spectrum, ν, cm–1: 3417.72 (OH), 3013.52 
(CHAr), 2922.30 (CHAliphatic), 2855.56 (CHAliphatic), 
1599.20 (C=C), 1513.87 (C=C), 1445.88 (C=C), 
1391.90 (C-N), 1271.38 (C-N), 1111.81 (C-O), 
1020.00 (C-O). 1H NMR spectrum (400 MHz, 
DMSO-d6), δ ppm (J, Hz): 8.48 (s, 1H, OH), 7.73 
(t, 1H, J = 7.6 Hz, CHAr), 7.64 (d, 1H, J = 8.4 Hz, 
CHAr), 7.35 (t, 1H, J = 7.2 Hz, CHAr), 7.22 (t, 1H, J 
= 8.0 Hz, CHAr), 7.12 (t, 1H, J = 2.0 Hz, CHAr), 7.10 
(d, 1H, J = 2.4 Hz, CHAr), 4.02-5.00 (br, 5H, OH), 
3.64-3.80 (br, 5H, CH, CH2), 3.62 (d, 1H, J = 7.0 Hz, 
CHgalactose), 3.56 (t, 2H, J = 4.8 Hz, CHmorpho), 3.51 (t, 
2H, J = 5.2 Hz, CHmorpho), 3.45 (d, 1H, J = 6.8 Hz, 
CHgalactose), 3.38 (t, 2H, J = 5.2 Hz, CHmorpho), 3.36 (t, 
2H, J = 4.4 Hz, CHmorpho). 13C NMR spectrum (100 
MHz, DMSO-d6), δ, ppm: 161.51, 156.29, 135.13, 
129.58, 127.99, 127.96, 126.45, 126.35, 122.84, 
119.38, 109.10, 72.48, 71.29, 71.15, 67.18, 66.19, 
63.43, 45.56. Found, %: C, 61.34; H, 7.03; N, 3.52. 
C20H27NO7 (393.18). Calculated, %: C, 61.06; H, 
6.92; N, 3.56. 61.34 (61.06); 7.03 (6.92); 3.52 (3.56).

2.6. (2R,3S,4S)-5-(2-hydroxynaphthalen-1-yl)-5-
morpholinopentane-1,2,3,4-tetraol (3)

Reaction of Morpholine (1 mmol), β-naphthol 
(1 mmol),  and d-ribose (1 mmol), yellow powder. 
FT-IR spectrum, ν, cm–1: 3426.61 (OH), 3052.11 
(CHAr), 2927.51(CHAliph), 2885.13 (CHAliph), 1600.31 
(C=C), 1402.87 (C=C), 1108.82 (C-O), 1072.86 (C-
O). 1H NMR spectrum (400 MHz, DMSO-d6), δ 
ppm (J, Hz): 8.48 (s, 1H, OH), 7.73 (t, 1H, J = 6.8, 
CHAr), 7.64 (d, 1H, J = 8.4 Hz, CHAr), 7.60 (d, 1H, J = 

7.2 Hz, CHAr), 7.48 (d, 1H, J = 8.4 Hz, CHAr), 7.44 (t, 
1H, J = 7.2 Hz, CHAr), 7.36 (t, 1H, J = 7.6 Hz, CHAr), 
7.22 (t, 1H, J = 7.6 Hz, CHAr), 7.07 (t, 2H, J = 2.4 
Hz, CHAr), 7.03 (d, 1H, J = 7.6 Hz, CHAr), 3.34-4.21 
(br, 15H, CH, OH). 13C NMR spectrum (100 MHz, 
DMSO-d6), δ, ppm: 177.31, 167.39, 161.53, 156.12, 
141.33, 135.10, 134.43, 130.40, 129.63, 129.50, 
128.56, 128.44, 128.03, 127.96, 126.49, 126.36, 
122.92, 122.77, 119.36, 119.28, 74.15, 70.59, 63.75, 
56.50, 45.57. C19H25NO6 (363.17). Calculated, %: C, 
62.80; H, 6.93; N, 3.85. 

2.7. (2R,3S,4R)-5-(2-hydroxynaphthalen-1-yl)-5-
morpholinopentane-1,2,3,4-tetraol (4)

Reaction of Morpholine (1 mmol), β-naphthol 
(1 mmol),  and d-arabinose (1 mmol), yellow 
powder. FT-IR spectrum, ν, cm–1: 3411.94 (OH), 
3043.74 (CHAr), 2920.57 (CHAliph), 2855.01 (CHAliph), 
1600.82 (C=C), 1514.72 (C=C), 1448.79 (C=C), 
1393.62 (C-N), 1070.62 (C-O), 1010.37 (C-O). 1H 
NMR spectrum (400 MHz, DMSO-d6), δ ppm (J, 
Hz): 8.01 (s, 1H, OH),  7.73 (dd, 2H, J = 2.8, 8.0 Hz, 
CHAr), 7.64 (d, 1H, J = 8.4 Hz, CHAr), 7.36 (dt, 1H, 
J = 1.2, 7.6 Hz, CHAr), 7.22 (dt, 1H, J = 1.2, 7.2 Hz, 
CHAr), 7.16 (d, 1H, J = 2.4 Hz, CHAr), 7.13 (dd, 1H, 
J = 2.4, 8.8 Hz, CHAr), 3.66 (br, 2H, CH), 3.54 (t, 
4H, J= 4.8 Hz, CH2), 3.50 (t, 4H, J = 5.2 Hz, CH2), 
3.38 (t, 2H, J = 5.6 Hz,  CH), 3.33 (t, 2H, J = 4.8 Hz, 
CH), 2.90 (br, 2H, CH2), 4.01-5.40 (br, 4H, OH) . 
13C NMR spectrum (100 MHz, DMSO-d6), δ, ppm: 
161.50, 155.99, 152.60, 135.10, 129.68, 128.12, 
127.98, 126.51, 126.39, 122.99, 119.22, 74.18, 71.17, 
67.16, 67.01, 44.57, 44.17 . Found, %: C, 62.87; H, 
6.97; N, 3.87. C19H25NO6 (363.17). Calculated, %: C, 
62.80; H, 6.93; N, 3.82.

2.8. (2R,3R,4R,5S)-6-(2-hydroxynaphthalen-1-yl)-
6-(piperidin-1-yl)hexane-1,2,3,4,5-pentaol (5)

Reaction of piperidine (1 mmol), β-naphthol (1 
mmol),  and d-glucose (1 mmol), yellow powder. 
FT-IR spectrum, ν, cm–1: 3401.85 (OH), 3057.27 
(NH), 2935.50 (CHAr), 2856.07 (CHAliph), 1627.46 
(C=C), 1588.26 (C=C), 1512.98 (C=C), 1373.25 
(C-N), 1271.89 (C-N), 1119.08 (C-O), 1081.38 
(C-O). 1H NMR spectrum (400 MHz, DMSO-d6), 
δ ppm (J, Hz): 7.94 (s, 1H, OH), 7.75 (d, 1H, J = 
2.8Hz, CHAr), 7.73 (d, 1H, J = 3.6 Hz, CHAr), 7.67 (d, 
1H, J = 8.4 Hz, CHAr), 7.37 (dt, 1H, J = 1.2, 6.8 Hz, 
CHAr), 7.24 (dt, 1H, J = 1.2, 7.6 Hz, CHAr), 7.15 (d, 
1H, J = 2.0 Hz, CHAr), 7.11 (dd, 1H, J = 2.4, 8.8 Hz, 
CHAr), 3.31 (t, 1H, J = 5.6 Hz, CH), 3.24 (t, 1H, J = 
5.2 Hz, CH), 2.92 (br, 2H, CH2), 1.56 (br, 5H, CH, 
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CH2), 1.48 (br, 2H, CH), 1.40 (m, 2H, CH),1.37 
(m, 3H, CH, CH2). 13C NMR spectrum (100 MHz, 
DMSO-d6), δ, ppm: 161.05, 155.86, 135.08, 129.72, 
128.16, 127.99, 126.53, 126.42, 123.04, 119.13, 
109.13, 109.11, 88.44, 48.48, 46.21, 44.13, 26.65, 
25.61, 25.32, 24.64, 24.07, 22.84, 22.36. Found, %: 
C, 64.96; H, 7.11; N, 3.47. C21H29NO6 (391.46). 
Calculated, %: C, 64.43; H, 7.47; N, 3.58. 

2.9. (2R,3S,4R,5S)-6-(2-hydroxynaphthalen-1-yl)-
6-(piperidin-1-yl)hexane-1,2,3,4,5-pentaol (6)

Reaction of piperidine (1 mmol), β-naphthol (1 
mmol),  and d-galactose (1 mmol), yellow powder. 
FT-IR spectrum, ν, cm–1: 3429.45 (OH), 3057.19 
(CHAr), 2932.97 (CHAliph), 1625.51 (C=C), 1513.58 
(C=C), 1447.80 (C=C), 1373.90 (C-N), 1243.45 
(C-O), 1214.23 (C-O), 1001.22 (C-O). 1H NMR 
spectrum (400 MHz, DMSO-d6), δ ppm (J, Hz): 
7. 95 (s, 1H, OH), 7.89 (d, 1H, J = 8.0 Hz, CHAr), 
7.71-7.76 (m, 1H, CHAr), 7.66 (d, 1H, J = 8.4 Hz, 
CHAr), 7.61 (d, 1H, J = 8.8 Hz, CHAr),  7.37 (t, 1H, 
J = 7.6 Hz, CHAr), 7.25 (m, 1H, CHAr), 7.09 (d, 1H, 
J = 7.6 Hz, CHAr), 7.07 (m, 1H, CHAr), 3.34 (q, 2H, 
J= 6.8 Hz, CH), 3.32 (t, 2H, J = 5.6 Hz, CH), 3.27 
(t, 2H, J = 5.6 Hz, CH), 3.23 (br, 1H, CH), 3.18 (s, 
1H, CH), 3.15 (br, 2H, CH, CH2), 2.92 (br, 2H, 
CH), 1.57 (d, 4H, J = 5.2 Hz, CH2), 1.46 (t, 3H, J = 
5.6 Hz, CH, CH2), 1.34-1.40 (b, 5H, CH, CH2),1.21 
(br, 1H, CH), 1.06 (t, 1H, J = 6.8, CH). 13C NMR 
spectrum (100 MHz, DMSO-d6), δ, ppm: 161.05, 
157.02, 155.78, 146.15, 135.06, 131.14, 129.91, 
129.73, 128.44, 128.16, 127.50, 126.54, 125.64, 
125.55, 124.66, 123.05, 122.53, 121.82, 119.08, 
111.84, 109.09, 88.44. 48.48, 46.20, 44.15, 26.66, 
25.61, 25.33, 24.64. 24.08, 22.85, 22.32. Found, %: 
C, 64.57; H, 7.73; N, 3.62. C21H29NO6 (391.46). 
Calculated, %: C, 64.43; H, 7.47; N, 3.58. 

3. Results and discussion
The present paper reports the results of research 

aimed at the synthesis of some nitrogen heterocyclic 
compounds like morpholine and piperidine using 
biosynthesized Sm2O3 NPs from purple Rose of 
Sharon flower extract. 

Some parameters like phytochemicals, 
phytochemical concentration, metal salt 
concentration, pH, and temperature can control the 
morphology, yield, stability, and rate of nanoparticle 
formation. The phytochemicals present in plant 
extracts of the reaction mixture have the potential 
to oxidize the metal ions in a much shorter time 
as compared to other methods. Therefore, extracts 

are considered to be an excellent source for metal 
and metal oxide nanoparticle synthesis. GC-
Mass analyses of the Rose of Sharon flower were 
performed and various bioactive compounds like 
1-decyne, 2,3-dihydro-3,5-dihydroxy-6-methyl-
4H-pyran-4-one, cytidine, gamma sitosterol, 
stigmasterol, aristolone, alpha amyrin, bis(2-
ethylhexyl) phthalate, eicosane, ethyl linoleate, 
elcosa methyl cyclodeca siloxane, hexadecanoic 
acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester, and 
octadecanal were identified. 

The effects of the reaction conditions such as the 
ratio of plant extract and Sm(NO3)3, pH, reaction 
time, and reaction temperature were studied to 
maximize the yield of the nano compounds. The 
resulting solutions of the reaction were monitored 
using a UV-Vis spectrophotometer. The optimized 
condition of the reaction was obtained at room 
temperature in pH=10 after 24 h with the ratio of 
1:1 of plant extract and samarium nitrate solution. 

Completion of the reaction between Rose 
of Sharon flower extract, and samarium nitrate 
Sm(NO3)3 was monitored and optimized by 
taking the absorption spectrum in UV-Vis 
spectrophotometer at different reaction conditions. 
As the Rose of Sharon flower extract was added to 
the aqueous samarium nitrate solution, the color of 
the solution changed to colloidal dark brown with 
Sm2O3 colloids formation. The UV-Vis spectra 
were recorded after 10 min, 20 min, 60 min, 16 
h, and 24 h at different temperatures (25oC, 45oC, 
60oC, and 90oC) from the initiation of reaction at 
the wavelength of 200-800 nm. Absorption UV-Vis 
spectra of biosynthesized Sm2O3 hybrid showed λ 
maxes at 244 and 324 nm (Fig. 1). The absorption 
peaks found between 300 and 500 nm were 
assigned to the corresponding peaks. The broad 

Fig. 1- UV-Vis spectrum of biosynthesized Sm2O3 after 24h with 
the ratio of Sm(NO3)3: Rose of Sharon flower extract (1:1).
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absorption below 300 nm was possibly due to the 
O2--Sm3+ charge transfer [31,32]. It is well known 
from absorption spectroscopy that the bandgap 
increases on decreasing particle size. There is 
also an opposite ratio between bandgap and the 
wavelength of absorption. The absorption bands of 
the synthesized Sm2O3 nanocomposite have shown 
a blue shift. This optical phenomenon indicates 
that these nanoparticles show the quantum size 
effect and can be due to a high decrease in particle 
size [33, 34].  The possible interaction between 
Sm(NO3)3.6H2O and Rose of Sharon flower extract 
was investigated using FT-IR spectroscopy, which 
leads to the preparation and stabilization of Sm2O3 
NPs. The results of FT-IR spectra show that the 
data are the same as reported in the literature [35]. 

The broad strong absorption bands belonging to 
O-Sm- and OH was shown at 600–900  and 3446 
cm−1, respectively. They confirmed the formation 
of the Sm2O3 NPs. The broad band at 3446 cm−1 is 

Fig. 2- XRD patterns of Sm2O3 NPs. 

Fig. 3- SEM image of Sm2O3 NPs.

attributed to the stretching vibration of –OH and 
H–O–H molecules absorbed physically on the 
surface of Sm2O3 NPs. 

The crystalline structure and average size of 
nanoparticles of Sm2O3 were identified with the 
XRD technique. As shown in Fig. 2, the XRD 
pattern of Sm2O3 nanoparticles shows high 
intense peaks in the whole spectrum of 2θ values 
ranging from 20˚ to 80˚, which correspond to the 
hexagonal phase of Sm2O3 nanoparticles. They are 
consistent with the standard pattern for JCPDS 
Card No. (98-002-3666 and 98-006-2022) [38, 39] 
and confirmed that Sm2O3 nanoparticles had been 
formed. The average diameter is obtained as about 
35.6 nm according to the line width analysis of the 
diffraction peaks based on the Debye–Scherrer 
equation [40] (D=Kλ/βcosθ, where K is constant, 
β is the peak width at half maximum and λ is X-ray 
wavelength).

The SEM images in Fig. 3 show the morphology 

(a) (b)
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Fig. 4- TEM image of Sm2O3 NPs.

and particle size of Sm2O3. In this method, the 
samples were turned to hexagonal particles with 
much less agglomeration when calcined at high 
temperatures. The particles’ diameter and size were 
measured. Most NPs are in the range of nanometers 
(around 30-70 nm).

Fig. 4 shows the transmission electron microscopy 
(TEM) images of the Sm2O3 NPs. We can see that 
the Sm2O3 NPs are composed of small particles. The 
average particle size is about 30-70 nm.

In Fig. 5, EDX analysis was performed to confirm 
the elements presented in the resulting Sm2O3 NPs. 
For using SEM/EDS to analyze the composition of 
a sample, usually, heavy metal like Au (Au-Pd) was 
coated with the sample to make it conductive before 
inserting it into FE-SEM. So there is a sign of coating 
metal (Au) in EDX. Also the analysis reveals the 
presence of Sm and O (Sm2O3 NPs) in the sample.

In the preliminary stage of the investigation, 
the model reaction of β-naphthol, piperidine, 
and arabinose was carried out by using various 

amounts of NPs in various solvents and solvent-
free conditions. The optimum amount of Sm2O3 
NPs was 5 mol% as shown in Table 1. Increasing 
the amount of catalysts by more than 5 mol% does 
not improve the yield of the product any further, 
whereas decreasing the amount of catalyst leads to 
a decrease in the product (Table 1). 

It was found that in the absence of Sm2O3 NPs, 
the yield of the product on the TLC plate even after 
3h of the reaction was not good. The best results 
were obtained with 5 mol% of Sm2O3 NPs in 
ethanol under reflux conditions (Table 1, Entry 14).

To evaluate the scope and limitations of this 
methodology, we extended our studies to include 
a variety of structurally different sugars with 
β-naphthol, morpholine, or piperidine. The results 
are summarized in Table 2 (entries 1–6). In almost 
all cases, the reactions proceeded smoothly within 
60-90 min, providing the corresponding products 
in good isolated yields.

The structures of compounds 1-6 are confirmed 

Fig. 5- Energy dispersive spectra (EDS) of Sm2O3 NPs. 
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Table 1- The reaction of β-naphthol (1 mmol), piperidine (1 mmol) and arabinose (1 mmol) 
under different conditions



 
    

    
  
  
 

 
  
 
 
 

    
    
 
 
   

by IR, 1H NMR, 13C NMR, and CHN analysis. For 
example, the 1H NMR spectrum of compound 
4 shows singlet at 8.01 ppm for OH proton of 
β-naphthol and signals at 4.01-5.40 ppm for OH 
protons. The aromatic protons were presented 
at 7.13-7.73 ppm. In the 13C NMR spectrum, the 
resonances related to carbon groups of HO-C- 
were appeared at 67.16, 67.01, 44.57, and 44.17 
ppm. The signals attributed to unsaturated carbon 
double bonds (-CH=CH-) have appeared at 155.99, 
152.60, 135.10, 129.68, 128.12, 127.98, 126.51, 
126.39, 122.99, and 119.22 ppm, respectively. FT-IR 
spectra of compounds (1-6) have been investigated 
in the frequency range 400–4000 cm-1. The bands at 
about 1602-1624 and 1438-1542 cm-1 belonged to 
the C=C double bonds stretching vibration of the 
synthesized compounds. The bands at about 1017-
1402 cm-1 indicated the existence of C-O and C-N 
groups. The elemental analysis result of compound 
4 was satisfactory.

A plausible mechanism [39] for the reaction is 
envisaged in (Scheme 2). It is proposed that the 
carbonyl group of aldehyde (sugars) primarily is 
activated by NPs (Sm3+) followed by an intermediate 
formation. The carbonyl group of this resulting 

intermediate is activated again with Sm3+ further 
reacts with the HN group of amine to obtain 
compound 4 as shown in Scheme 2.

To investigate the efficiency of the Sm2O3 NPs, 
we compared some other metal oxide NPs for 
the synthesis of compound 4 and the results were 
summarized in Table 3. The metal oxide NPs were 
synthesized according to the previously reported 
procedures [40-45]. As shown in Table 3, the best 
catalyst for the synthesis of compound 4 is Sm2O3 
NPs, using this metal oxide as a catalyst offers 
several advantages such as excellent yields, short 
reaction times, a simple procedure, and using EtOH 
as a green solvent in contrast with other metal 
oxides. Sm2O3 NPs as an efficient heterogeneous 
catalyst were prepared by a simple operation from 
Rose of Sharon flower extract.

The catalyst was easily recovered by 
centrifugation, washed with ethanol, and dried 
at 80 °C for 2 h. The recovered catalyst was then 
added to a fresh reaction mixture under the same 
conditions and reused 4 times without significant 
loss of activity (Table 4). Further recycling of the 
nanocatalyst led to a gradual loss of the catalyst 
during the recovering and washing stages.
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Table 2- Production of morpholine and piperidine derivatives using Sm2O3 NPs
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Scheme 2- A plausible mechanism for synthesis of compound 4 using Sm2O3 NPS.

Table 3- A comparison of different catalysts for the synthesis of compound 5 in EtOH

Table 4- Recycling of the Sm2O3 NPs catalyst

4. Conclusions   
In summary, an efficient protocol for the 

synthesis of morpholine and piperidine derivatives 
was described with the reaction of β-naphthol, 
morpholine, or piperidine, and monosaccharide 
using Sm2O3 NPs as a reusable catalyst in ethanol. 
The reactions were carried out in short reaction 
times and the corresponding products were 
obtained in good yields. In addition to having 
the general advantages attributed to the inherent 
property of nanocatalyst, Sm2O3 NPs exhibited 
exceptionally high catalytic activity in green 
chemistry and increases reaction speed without 
pollution. 
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