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ABSTRACT

In this research work, Nano-SiO/Taurine was synthesized and characterized by FT-IR, energy dispersive X-ray analysis (EDX),
scanning electron microscopy (SEM), X-ray diffraction patterns (XRD) ,Thermogravimetric analysis (TGA) and MAP analysis.
Nano-SiO./Taurine has considerable benefits such as simple preparation protocol, simple handling, high acidic property,
reusability and high stability. Nano-SiO,/Taurine was used as a catalyst for the synthesis of hexahydroquinolines by the reaction
of ethyl acetoacetate, dimedone and ammonium acetate with various aldehydes. These reactions were carried out under solvent-
free conditions at 85 °C. The present protocol is simple, eco-friendly and efficient. The hexahydroquinolines were produced at

high yields and short reaction times.
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1. Introduction

Hexahydroquinolines [1, 2] from N-heterocyclic
compounds family [3-5], have a wide range of
biological and pharmaceutical application such as anti-
tumour, anti-diabetic and also modulation of calcium
channels [6-11]. A classical protocol for the synthesis of
these compounds is three-component condensation
reaction of aldehyde with ethyl acetoacetate, 1,3-
diketone and ammonia in acetic acid or alcohol [12-14].
Recently, certain protocols for the synthesis of
hexahydroquinolines have been reported by using
catalysts such as [pyridine-SOsH]CI [15], threo-(1S,
2S)-2-amino-1-(4-nitrophenyl)-1,3-propanediol  [16],
Iron (1) trifluoroacetate [17], ionic liquid [18], cerium
(IV) ammonium nitrate [19], Sc(OTf); [20], y-Fe203
[21], SBA-15/SO3H nanoreactor [22], KH2PO4 [23],
sulfamic acid-functionalized nano-titanium dioxide
[24], nano-CoAl;O, [25], nano-ZrO.-SOs;H [26],
ZrOCl»-8H,0 [27], silica-bonded imidazolium—sulfonic
acid chloride [28], nano-Fez04-Ti0»-SOsH [29], 1,3-
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disulfonic acid imidazolium hydrogen sulfate [30],
amino alcohol [31,32], (IRMOF-3) [33], SBA-SO:H
[34], [MPIM][HSO.]@SBA-15 [35], SBA-15/NHSO:H
[36] and graphene oxide supported ionic liquid [37],
eggshell-based nano-magnetic solid acid [38].

Taurine, (2-aminoethanesulfonic acid), which is found
in meat, fish and egg exists as a zwitterion with pKa =1.5
ensuring that it is fully ionized to the sulfonate [39, 40].
Previously, Taurine was used as a catalyst for
preparation of barbituric and thiobarbituric acid
derivatives in water [41]. In this work, we have suppoted
the taurine on nano-silicagel, prepared Nano-
SiO,/Taurine, and applied it for the synthesis of
polyhydroquinolines as catalyst.

2. Experimental
2.1. General

FT-IR, Bruker, Equinox 55 spectrometer, and NMR
[Bruker (DRX-400 Avance)], were used for recording
FTIR and NMR spectra, respectively. Buchi melting
point B-540 B.V.CHI apparatus was used for
determination of melting points. X-ray Diffraction
(XRD) spectrum was recorded by a Philips Xpert MPD
diffractometer. Field Emission Scanning Electron
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Microscopy (FESEM) was obtained on a TESCAN,
Mira Ill. The EDX-MAP analysis was done with
FESEM instrument from TESCAN company (France),
model MIRA Il with SAMX detector. Thermal
gravimetric analysis (TGA) was done by the “STA 50”
from BAHR company (German).

2.2. Preparation of Nano-Silica chloride

Firstly, in a 250 ml round bottomed flask, 10 g of Nano
silicagel and 40 ml of thiony chloride (toxic and should
be used under ventilator) were refluxed for 48 hours.
Then, the reaction mixture was cooled and filtered and
washed several times with dichloromethane. Then the
resulting nano-silica chloride particles were dried at
ambient temperature.

2.3. Preparation of Nano-SiO2/Taurine

In a 100 ml round bottomed flask, 1 mmol of Taurine
(2-aminoethanesulfonic acid), 1 g of nano-silica
chloride and 20 ml of ethanol were refluxed for 15
hours. The reaction mixture was filtered, cooled,
washed with ethanol and dried. The resulting catalyst is
as white powder and does not require special
maintenance.

2.4.Preparation of hexahydroquinoline derivatives
(general protocol)

A mixture of the dimedone (1.0 mmol), ammonium
acetate (1.0 mmol), aldehyde (1.0 mmol), ethyl
acetoacetate (1.0 mmol) and Nano-SiO./Taurine (0.05
g) was stirred at 80 °C in absence of any solvent. The
progress of reaction was scanned by TLC (ethyl acetate:
n-hexane, 1:4). At the end of reaction, 20 ml of hot
ethanol was added to the reaction mixture. Then, the
Nano-SiOy/Taurine catalyst was filtered. The solid

0
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Scheme 1. Preparation of Nano-SiO,/Taurine

product was generated by adding water to the filtrate and
then crystalized in ethanol.

3. Results and Discussion

In this research, Nano-SiO,/Taurine as a new catalyst
was prepared and characterized (Scheme 1). At first, for
the synthesis of nano-silica chloride, a mixture of
thionyl chloride and nano-silica gel was refluxed for 48
h, filtered, washed with CH.Cl, and dried. In this
protocol, OH groups of silica gel were substituted by CI
of thionyl chloride. Then, a mixture of nano-silica
chloride, taurine and ethanol was refluxed to replace ClI
atom of silica chloride with NH> group of taurine. The
characterization of Nano-SiO2/Taurine, was done by
FT-IR, XRD, FESEM, EDS and TGA.

3.1. Characterization of Nano-SiO,/Taurine
3.1.1. FT-IR analysis

Fig. 1 shows the FT-IR spectra of Taurine, Nano-Silica
chloride, Nano-SiO./Taurine and reused Nano-
SiOy/Taurine. Fig. 1c shows the bands at 1613 and 1508
cm!' which are attributed to the S=0, 1174 cm™! to S-O
and 1034 cm! to Si-O stretching vibration and 796
cm™! is attributed to the Si-O-Si bending vibration.
Meanwhile, the signals between 1700-2000 cm™! show
the ammonium salt form (R2NH.)* in the catalyst.

3.1.2. Morphology analysis

Fig. 2 presents the FESEM image of Nano-SiO,/Taurine
to investigate its particle size and surface morphology.
According to this result, the particles of Nano-
SiO./Taurine have a quasi-spherical shape of 23 nm
size.

3.1.3. EDX analysis

EDX spectrum of Nano-SiO./Taurine (Fig. 3) shows its
the elemental compositions including 6.92, 63.68, 28.57
and 0.55% for N, O, Si and S, respectively.
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Fig. 1 FT-IR spectra of (a) Taurine, (b) Nano-Silica chloride, (c) Nano-SiO./Taurine and (d) reused Nano-SiO2/Taurine
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Fig. 2. FESEM image of Nano-SiO/Taurine
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Fig. 3 EDS of Nano-SiO,/Taurine
3.1.4. Mapping analysis
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The elemental maps of Nano-SiO./Taurine show
homogenous distribution of elements in its structure

(Fig. 4).
3.1.5. TGA-DTA analysis

Fig. 5 shows the TGA-DTA analysis thermogram of
Nano-SiO,/Taurine in the range of 50-820 ‘C. The first
decrease of weight (1 %) was assigned to the catalyst
moisture removal (endothermic effect at 50-100 ‘C).
The main weight loss stage in 100-300 ‘C (3%) is due
to Nano-SiO,/Taurine decomposition. At 820 °C, the
char yield of the catalyst is 8%.

3.1.6. XRD analysis

According to the XRD patterns of Nano-SiO,/Taurine
(Fig 6, 20=10-80 °), a wide peak at 20 = 23.525 °C with
FWHM = 2.3616 shows the presence of nano silica gel
in the catalyst. According to Scherrer equation, the
particle size of catalyst is 3.4 nm.

3.2. Study of Nano-SiO /Taurine catalytic activity
hexahydroquinoline

We have investigated the efficacy of various solvents
and also solvent-free conditions on the condensation
reaction of dimedone, ammonium acetate, 4-
nitrobenzaldehyde and ethyl acetoacetate as a model
reaction under various conditions (Table 1). According
to obtained data, the best conditions were obtained by
using 0.0 g of Nano-SiO./Taurine under solvent free
conditions at 80 °C (Table 1). We have examined the
reaction of ethyl acetoacetate, ammonium acetate and
dimedone with various aldehydes under optimized
conditions (Table 2).
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Fig. 4 Maps of Nano-SiO2/Taurine
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Fig. 5 TGA of Nano-SiO2/Taurine
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Fig. 6 XRD of Nano-SiO,/Taurine

368



S. 8. Sharifabad and et al. / Iran. J. Catal. 12(3), 2022, 365-372

Table 1. The condensation reaction of dimedone (1 mmol), ammonium acetate (1 mmol), 4-nitrobenzaldehyde (1 mmol), ethyl
acetoacetate (1 mmol) in the presence of Nano-SiO2/Taurine under various conditions.

NH4OAc
|()
N | O
= Nano-Si0; /Taurine ﬁ\ )/\
)I()\)::)\( Various Conditions b\l\l
s
Row Nan-SiO/Taurine (g) Solv. Cond. Time (min) Yield (%)?
1 0.0075 S.F. 80°C 60 71
2 0.01 S.F. 80°C 45 83
3 0.02 S.F. 80°C 30 89
4 0.05 S.F. 80°C 10 95
5 0.07 S.F. 80°C 10 96
6 - S.F. 80°C 130 23
7 0.05 S.F. R.T. 60 53
8 0.05 CH.CI; Reflux 60 50
9 0.05 CHsCN Reflux 120 38
10 0.05 EtOH Reflux 120 50
11 0.05 H>O Reflux 120 40
12 0.05 S.F. 70°C 40 86
13 0.05 S.F. 90°C 40 90

3solated yields

Table 2. Synthesis of hexahydroquinoline derivatives using Nano-SiO,/Taurine at 80 °C under solvent-free condition?

) o
I ’ |
Nano-Si0, /Taurine(0.05g) N
+ ) -
-~ Solvent-free, 80 °C
D ¢ > |\|

NH,OAc

Row Ar Time (min) Yield® (%) M.P. ('C) Obs.  M.P. ("C)Rep. [Refl
1 4-NO-CgH4 10 95 204-206 203-205#2
2 2-NO2-CeH4 15 93 207-209 208-21043
3 4-Cl-CgHa 20 89 245-247 245-246*4
4 4-Br-CgHa 25 90 256-258 255-25714]
5 2-OMe-CgH4 32 89 243-245 244-246%]
6 4- N(CH3)2CeH4 35 88 222-225 224-227%1
7 2,4-(Cl)2-CeHs 25 89 244-246 243-2451%1
8 2-OEt-CgHa 15 90 218-220 217-2201471
9 CeHs 25 90 200-203 203-205[1
10 2-Cl-CgH4 25 91 202-205 20718l

11 2,6-(Cl)2-CeHs 32 87 243-245 244-245130
12 2,4-(OMe),-C6H3 25 86 234-236 235-238 148l

@The amount ratio of dimedone (1 mmol), ammonium acetate (1 mmol), benzaldehyde (1 mmol), ethyl acetoacetate (1 mmol).
blsolated yields

A proposed mechanism  for  synthesis  of is shown in Scheme 2. First, the enol form of the
hexahydroquinoline in presence of Nano-SiO./Taurine dimedone reacts with the catalyst activated aldehyde
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and forms enone 1. NH4OAc elaborates NHs which
attacks to the ketone group of ethyl acetoacetate to form
enamine 2. Hexahydroquinoline derivatives are formed
via conjugate addition of the enamine 2 to the enone 1
followed by cyclization.

The reusability of the catalyst is important for
commercial applications. To examine the reusability of
the catalyst, the condensation reaction of 4-
nitrobenzaldehyde, = ammonium  acetate, ethyl
acetoacetate and dimedone was studied. In the final step

of reaction, the catalyst was separated by simple
filtration, washed with CHCl,, dried at 50 °C and
reused for the same reaction (Fig. 7).

According to Table 3, the efficacy of the Nano-
SiO,/Taurine was compared with some reported
catalysts for the synthesis of hexahydroquinoline
derivatives. Nano-SiO/Taurine is comparable with the
most of reported catalysts in yields and time of reaction.
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Fig 7. Catalyst recycling experiment
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Table 3. Synthesis of hexahydroquinoline derivatives in the presence of previously reported catalysts.

NH OAc
0
|
4
S Catal\st f
|0 T! \’armus Conditions
A~
Row Catalyst Solvent Conditions Time (h)/ Yield?(%)
1 Yb(OTf)s EtOH R.T. 5/90[49]
2 p-TSA EtOH R.T. 2/93[50]
3 Organocatalysts EtOH R.T. 2/85[51]
4 Scoleccite EtOH Reflux 0.75/93[52]
5 Hf(NPfy)4 CioHis 60°C 3/95[53]
6 SSA S.F. 60 °C 0.75/92[54]
7 CSc(0THf); EtOH R.T. 4/93[55]
8 DBH S.F. 130°C 0.5/90[56]
9 DCH S.F. 130°C 0.5/90[56]
10 Cs25P0.5W12040 S.F. 110°C 6/92[57]
11 Nano-SiO,/Taurine S.F. 85°C 0.15/95[this work]
12 Taurine S.F. 85°C 0.08/95[this work]

2lsolated Yield

4. Conclusions

Finally, we successfully show the catalytic activity of
Nano-SiOy/Taurine in  the hexahydroquinolines
synthesis by Hantzsch reaction of dimedone, aldehydes,
ethyl acetoacetate and ammonium acetate in the absence
of any solvent. The present protocol is simple, eco-
friendly and efficient. The hexahydroquinolines were
produced in short times and good yields. Also Nano-
SiOy/Taurine has considerable benefits such as
reusability and stability.

Acknowledgments

Yazd University is acknowledged for support of this
research.

References

[1] M. Abdelmoniem, M. G. M. Abdelrahman, S. A. S.
Ghozlan, I. A. Abdelhamid. J. heterocycl. Chem. 56
(2019) 3387.

[2] R. S. Reddy, C. Lagishetti, I. N. C. Kiran, H. You,
Y. He, Org. Lett. 18 (2016) 3818.

[3] H. You, S. R. Vegi, C. Lagishetti, S. Chen, R. S.
Reddy, X. Yang, J.Guo, C. Wang, Y. He, J. Org.
Chem. 83 (2018) 4119.

[4] Lagishetti, S. Banne, H. You, M. Tang, J. Guo, N.
Qi, Y. He, Org. Lett. 21 (2019) 5301.

[5] R. S. Reddy, S. Zheng, C. Lagishetti, H. You, He,
RSC Adv., 6 (2016) 68199.

[6] M. Abdelmoniem, M. F. Mohamed, D. M.
Abdelmoniem, S. A. S. Ghozlan, I. A. Abdelhamid,
Anticancer Agents Med. Chem., 19 (2019) 875.

[7] A. Ghorbani-Choghamarani, B. Tahmasbi, P.
Moradi, N. Havasi, Appl. Organomet. Chem. 30
(2016) 619.

[8] P.N. Kalaria, S.P. Satasia, D.K. Raval,
Chem. 38 (2014) 2902.

[9] S.M. Vahdat, F. Chekin, M. Hatami, M.
Khavarpour, S. Baghery, Z. Roshan-Kouhi, Chinese
J. Catal. 34 (2013) 758.

[10] M. Saha, A.K. Pal, Tetrahedron lett. 52 (2011)
4872.

[11]  A. Ghorbani-Choghamarani, B. Tahmasbi, New
J. Chem. 40 (2016) 1205.

[12] S.-J.Ji, Z.-Q. Jiang, J. Lu, T.-P. Loh, Synlett.
2004 (2004) 0831.

[13] M.M. Heravi, K. Bakhtiari, N.M. Javadi, F.F.
Bamoharram, M. Saeedi, H.A. Oskooie, J. Mol.
Catal. A Chem. 264 (2007) 50.

[14] S. Kumar, P. Sharma, K.K. Kapoor, M.S.
Hundal, Tetrahedron 64 (2008) 536.

[15] A. Khazaei, M.A. Zolfigol, A.R. Moosavi-Zare,
J. Afsar, A. Zare, V. Khakyzadeh, M. H. Beyzavi
Chinese J. Catal. 34 (2013) 1936-1944.

New J.

371



S. 8. Sharifabad and et al. / Iran. J. Catal. 12(3), 2022, 365-372

[16] S.-J. Song, Z.-X. Shan, Y. lJin, Synth.
Commun. 40 (2010) 3067.

[17] H. Adibi, H.A. Samimi, M. Beygzadeh, Catal.
Commun. 8 (2007) 2119.

[18] M. VM, S. SA, S. MS, Bull. Catal. Soc. India 6
(2007) 125.

[19] M. Raghu, S.R. Ch, Chem. Lett 19 (2008) 775.

[20] J.L. Donelson, R.A. Gibbs, S.K. De, J. Mol.
Catal. A Chem. 256 (2006) 309.

[21] S. Rostamnia, A. Nuri, H. Xin, A. Pourjavadi,
S.H. Hosseini, Tetrahedron Lett. 54 (2013) 3344.

[22] S.Rostamnia, H. Xin, X. Liu, K. Lamei, J. Mol.
Catal. A Chem. 374 (2013) 85.

[23] S.-J. Y, S. Wu, X.-M. Zhao, C.-W. L, Res.
Chem. Intermed. 43 (2017) 3121.

[24] E. Tabrizian, A. Amoozadeh, J. Chinese Chem.
Soc. 64 (2017) 331.

[25] A. Khazaei, L. Jafari-Ghalebabakhani, E.
Ghaderi, M. Tavasoli, A.R. Moosavi-Zare, Appl.
Organometal. Chem. 31 (2017) e3815.

[26] A. Amoozadeh, S. Rahmani, M. Bitaraf, F.B.
Abadi, E. Tabrizian, New J. Chem. 40 (2016) 770.

[27] A. Khazaei, N. Sarmasti, J.Y. Seyf, M.
Tavasoli, RSC Adv. 5 (2015) 101268.

[28] A.R. Moosavi-Zare, M.A. Zolfigol, M. Zarei,
A. Zare, J. Afsar, Appl. Catal. A. 505 (2015) 224.

[29] A. Amoozadeh, S. Golian, S. Rahmani, RSC
Adv. 5 (2015) 45974.

[30] A. Zare, F. Abi, A.R. Moosavi-Zare, M.H.
Beyzavi, M.A. Zolfigol, J. Mol. Lig. 178 (2013)
113.

[31] X. Ke, X. Zhou, H. Gao, G. Hao, L. Xiao, T.
Chen, J. Liu, W. Jiang, Mater. Des. 140 (2018)
179.

[32] S.J. Song, Z.-X. Shan,
commun. 40 (2010) 3067.

[33] S.Rostamnia, H. Xin, Appl. Organomet. Chem.
28 (2014) 359.

[34] E. Doustkhah, S. Rostamnia, A. Hassankhani, J.
Porous Mater. 23 (2016) 549.

[35] S. Rostamnia, A. Hassankhani, H.G. Hossieni,
B. Gholipour, H. Xin, J. Mol. Catal. A Chem. 395
(2014) 463.

[36] S. Rostamnia, A. Hassankhani, Synlett. 25
(2014) 2753.

[37] S. Sobhani, F. Zarifi, J. Skibsted, New J. Chem.
41 (2017) 6219.

[38] T. Akbarpoor, A. Khazaei, J. Yousefi Seyf, N.
Sarmasti, M. Mahmoudiani Gilan, Res. Chem.
Intermed. 46 (2020)15309.

[39] R. Huxtable, Physiol. Rev. 72 (1992) 101.

[40] A. Cook, Tenside, surfactants, detergents 35
(1998) 52.

Y. Jin, Synth.

[41] N. Daneshvar, F. Shirini, M. Safarpoor, N.
Langarudi, R. Karimi-Chayjani, Bioorgan. Chem.
77 (2018) 68.

[42] Y.-L.Chen, K.-C. Fang, J.-Y. Sheu, S.-L. Hsu,
C.-C. Tzeng, J. Med. Chem. 44 (2001) 2374.

[43] A. Moosavi-Zare, M. Zarei, A. Zare, V.
Khakyzadeh and A. Hasaninejad. Appl. Catal. A.
467 (2013) 61.

[44] R. Simsek, U.B. ismailoglu, C. Safak, I. Sahin-
Erdemli, Il Farmaco 55 (2000) 665.

[45] C.O. Kappe, Tetrahedron 49 (1993) 6937.

[46] R.D. Larsen, E.G. Corley, A.O. King, J.D.
Carroll, P. Davis, T.R. Verhoeven, P.J. Reider, M.
Labelle, J.Y. Gauthier, Y.B. Xiang, J. Org. Chem.
61 (1996) 3398.

[47] A.R.Hajipour, M. Karimzadeh, H. Tavallaei, J.
Iran. Chem. Soc. 12 (2015) 987.

[48] M. Tajbakhsh, H. Alinezhad, M. Norouzi, S.
Baghery, M. Akbari, J. Mol. Liqg. 177 (2013) 44.

[49] L.-M.Wang,J. Sheng, L. Zhang, J.-W. Han, Z.-
Y. Fan, H. Tian, C.-T. Qian, Tetrahedron. 61
(2005) 1539.

[50] S.R. Cherkupally, R. Mekala, Chem. Pharm.
Bull. 56 (2008) 1002.

[51] A.Kumar, R.A. Maurya, Tetrahedron 63 (2007)
1946.

[52] L.S. Gadekar, S.S. Katkar, S.R. Mane, B.R.
Arbad, M.K. Lande, Bull. Korean Chem. Soc. 30
(2009) 2532.

[53] D. Azarifar, Y. Abbasi, M. Jaymand, M.A.
Zolfigol, M. Ghaemi, O. Badalkhani, J.
Organomet. Chem. 895 (2019) 55.

[54] A. Mobinikhaledi, N. Foroughifar, M.A.B.
Fard, H. Moghanian, S. Ebrahimi, M. Kalhor,
Synth. Commun. 39 (2009) 1166.

[55] M. Yosefzadeh, M. Mokhtary, Iran. J. Catal. 6
(2016) 153.

[56] B. Maleki, R. Tayebee, M. Kermanian, S.
Sedigh Ashrafi, J. Mex. Chem. 57 (2013) 290.
[57] H. Khabazzadeh, E.T. Kermani, D. Afzali, A.

Amiri, A. Jalaladini, Arab. J. Chem. 5 (2012) 167.

372



