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Abstract A green synthesis of new organophosphonates via domino
Knoevenagel-Phospha-Michael reaction has been reported. Multi-
walled carbon nanotube-CO-NH(CH2):NH-SOsH has been used as
acidic heterogeneous catalyst for the reaction between dimedone,
aromatic aldehydes and triethylphosphite. The use of ethanol as a
green solvent, easy work-up, mild reaction conditions and recovery
and reusability of catalyst are the main advantages of this work. The
structures of products were determined by 'H NMR, 13C NMR and 31P-
NMR and elemental analysis.

Introduction: The use of nanomaterials is highly regarded as
homogeneous and heterogeneous catalyst for the variety of chemical
reactions. Nanoparticles of catalytic material provide the benefit of
increased surface area which allows for an increased reaction rate.
Carbon nanotubes are allotropes of carbon with a cylindrical. In this
paper, we report an efficient one-pot synthesis of new phosphonate
derivatives catalyzed by modified multi-walled carbon nanotube.
Materials and Methods: Multi-walled carbon nanotube-CO-
NH(CH2)2NH-SOsH was  prepared through a three-step
functionalization of commercial multi-walled carbon nanotubes. To a
mixture of aldehyde, dimedone and triethylphosphite was added Nano
catalyst in ethanol. The reaction mixture was stirred at 78°C for the
appropriate time. The progress of the reaction was monitored by TLC
The mixture was centrifuged and filtrated. The filtrate was purified by
silica gel column chromatography with n-hexane and ethyl acetate to
give the pure product. Residual catalyst was dried and reused without
more purification.

Findings: A series of new organophosphonates were synthesized
under the mild conditions. This synthesis was accomplished in
heterogeneous conditions and Nano catalyst recovered after the
finishing of the reaction. The catalyst can use several times without
losing catalytic activity.

Conclusion: Modified carbon nanotubs are proficient heterogenous
catalyst for carbon-phosphorus bond formation and the one-pot
synthesis of larger molecules
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Synthesis of new organophosphonates via domino Knoevenagel-Phospha-Michael reaction catalyzed by
modified multi-walled carbonnanotube

Extended Abstract

Introduction

In recent years, the use of nanomaterials is
highly regarded as homogeneous and
heterogeneous catalyst for the variety of
chemical reactions. Nanoparticles of
catalytic material provide the benefit of
increased surface area which allows for an
increased reaction rate Carbon nanotubes
are allotropes of carbon with a cylindrical
nanostructure that discover by [jima in 1991
(1). Nowadays, they find applications in
nanotechnology, electronics, optics,
biotechnology and biomedicine and the
other fields of materials science and
technology (2-4). These compounds are also
very important in chemistry such as the use
of these as adsorbents for the removal of
dyes and metal ions in waste (5-9) and the
synthesis of 3,4-dihydropyrimidin-2(1H)-
ones/thiones (10). On the other hand,
broadly applications of phosphorous
compounds in agriculture, medicine,
industry and chemistry (Fig. 1) (11-14), has
led us focus on the study of this family of
organic compounds for several years. In this
paper, we report an efficient one-pot
synthesis of new phosphonate derivatives.

Materials and Methods

The chemical materials were supplied from
Merck Chemical Company. Multi-walled
carbon nanotube was supplied by Industrial
Research Institute of Tehran with the
following characteristics: inner diameter,
3.8 nm; outer diameter, 10-30 nm; length, 10
um, purity 99%; special surface, 270 m2g-!
and thermal conductivity 1500 Wm-tk-1.
NMR spectra were recorded on Ultra shield
Bruker 400. Melting points were determined
in open capillary tubes in a Biichi-545
circulating oil melting point. CHNS were
recorded on a vario EL automated analyzer,
model 11086109. Multi-walled carbonnano
tube-CO-NH(CH2).NH-SOsH was prepared
through a three step functionalization of
commercial multi-walled carbon nanotubes.
(15) In brief it was prepared by dissolving
1.0 g of Multi-walled carbon nanotube-CO-
NH(CH2):NH2(16) in 50 ml of n-hexane. The
flask was immediately equipped with a
mechanical stirrer, a dropping funnel and an

ice bath. 50 ml of chloro sulfonic acid
(diluted by 50 ml of n-hexane) was added to
dropping funnel and poured into the flask for
12 h. Finally, the reaction mixture was
stirred for 24 h at room temperature. The
appropriate product was produced through
the distillation of solvent and then dried
under vacuum at 80 °C for 8 h.

Then, to a mixture of aldehyde (1 mmol),
dimedone (1mmol) and triethylphosphite
(1.1 mmol) was added 0. 5 gr of Nano
catalyst in 3 mL of ethanol. The reaction
mixture was stirred at 78°C for the
appropriate time. The progress of the
reaction was monitored by TLC (eluent: n-
hexane/ethyl acetate 5:1). Then, the mixture
was centrifuged and filtrated. The filtrate
was purified by silica gel column
chromatography with n-hexane and ethyl
acetate to give the pure product. Residual
catalyst was dried and reused without more
purification.

Results & Discussion

In this research, we investigated multi-
component reaction among dimedone,
aldehydes and triethylphosphite in the
presence of acidic Nano catalyst. The latest
our research in the field of preparation of
new phosphorus compounds in the presence
of Nano zinc oxide (as alkaline catalyst)
showed that initially phosphonic acid
diesters are formed, But, these products are
unstable in this media and corresponding
phosphonic acids are produced via the
cleavage of C-O bonds of corresponding
ester. Therefore, we decided to carry out this
reaction in acidic media and compared these
two conditions. Multi-walled carbon nano
tube-CO-NH(CH:).NH-SOsH were chosen for
the following reasons:

a) High efficiency of nano-catalysts in
organic synthesis, b) existence required
acidic functional group in the structure of
nanotubes and c) the use of heterogeneous
catalyst under reaction conditions and easy
work-up.

Previously this nano-catalyst was prepared
and used for removal of Methylene Blue
from aqueous media by our research team
(15).

E Journal of Nanochemistry & Electrochemistry. 2021; 1 (1): Pages 1-10



Soheila Ghassamipour

The reaction between 4-nitro benzaldehyde The author declared no conflict of interest.
(1mol), dimedone (1mol) and
triethylphosphite (1.1 mol) was chosen as
the model and the different conditions
inclusive effect of solvent, temperature,
amount of catalyst and amounts of reagents
was investigated. These results were shown
in Table 1. In according to Table 1, the best
conditions for this reaction are summarized
in Entry 18. Desired product was separated
and recognized by CHNS, 1H- NMR, 13C-NMR
and 31P-NMR methods. Then, the other
derivatives of these phosphonates were
synthesized and recognized (Table 2).

In this research work, a series of new
organophosphonates were synthesized
under the mild conditions. This synthesis
was accomplished in heterogeneous
conditions and Nano catalyst recovered after
the finishing of the reaction. The catalyst can
use several times without losing catalytic
activity.

Conclusion

A series of new organophosphonates were
synthesized under the mild conditions. This
synthesis was accomplished in hetero-
geneous conditions and Nano catalyst
recovered after the finishing of the reaction.
The catalyst can use several times without
losing catalytic activity. Modified carbon
nanotubs are proficient heterogenous
catalyst for carbon-phosphorus bond
formation and the one-pot synthesis of
larger molecules.
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18.4 (2-OCH,CHs3), 27.9 (2-CHs), 28.3 (-C(CHs)2),
27.9 (2-CHs), 28.3 (-C(CHa),), 38.8 (d, Jcp=104
Hz, -CH-PO-), 39.0 (2-CH>-CO-), 40.1 (-CO-CH-
CO-), 55.8 (2-OCH:CHs), 119.4, 132.1, 133.9,
136.9, 158.8 (C=0), 160.1 (C=0). *P-NMR (162
MHz, CDCls, &/ppm, 85% aqueous H3PO. as
external reference): -19.45.
(S Sspus] e3Pl = oo 61 (iS50 F)) il 52
(20) by fio
Anal. Calc. for C1gH26BrOsP (444.07): C, 51.25; H,
5.89 %. Found: C, 51.11; H, 5.92 %. 'H-NMR (400
MHz, CDCls, 8/ppm): 1.10 (s, 6H, CH3s), 1.24-1.27
(t, J=7.0 Hz, 6H, -OCH,CHj3), 2.14-2.25 (AB q,
J1=J,=16.4 Hz, 4H, CH,), 4.21-4.23 (q, J= 7.0 Hz,
4H, -OCH,CHj3), 4.69 (s, 1H, -CO-CH-CO), 5.52-
5.54 (d, J=8.9 Hz, 1H, -CH-PO-), 7.15-7.18 (m, 2H,
arom.), 7.31-7.34 (m, 2H, arom.). C-NMR (63
MHz, CDCls, 8/ppm): 16.3 (2-OCHCHj3), 27.3 (2-
CHa), 31.1 (C(CHa)2), 31.3 (d, 1Jcp=44.0 Hz, -CH-
PO-), 46.3 (-CH»-CO-), 47.0 (-CO-CH-CO-), 55.1
(2-OCH,CHjs), 120.6, 121.7, 131.6, 133.7, 150.5,
169.3 (C=0), 170.4 (C=0). *P-NMR (162 MHz,
CDCls, d/ppm, 85% aqueous H3PO4 as external
reference): -19.06.
NNk iSoslSsgusT oo FN o o VK)) AT
(20) b/ Lozo_iSs,53506
Anal. Calc. for Ci9H26FOsP (384.15): C, 59.37; H,
6.82 %. Found: C, 60.02; H, 6.87 %. 'H-NMR (400
MHz, CDCls, 8/ppm): 0.93 (s, 6H, CH3), 1.35-1.44
(m, 6H, -OCH,CHa), 2.142.45 (AB q, J1=J,=35.64
Hz, 4H, CH,), 3.87-3.92 (q, J=7.04 Hz, 4H, -
OCH,CHs), 4.72 (s, 1H, CO-CH-CO-), 5.36 (d, *Jcp
=10.92 Hz, 1H, -CH-PO-), 6.86-6.89 (m, 2H,
arom.), 7.10-7.23 (m, 1H, arom.), 7.23-7.34 (m, 1H,
arom.). *C-NMR (100 MHz, DMSO-ds, §/ppm):
17.5 (2-OCH,CHs3), 27.7 (2-CHs), 28.5 (-C(CHs3)2),
36.6 (-CH-PO-), 47.0 (-CH,-CO-), 48.4 (-CO-CH-
CO-), 54.4 (2-OCH,CHs), 122.0, 128.4, 132.8,
149.4, 159.6 (C=0), 161.2 (C=0). *P-NMR (162
MHz, CDCls, &/ppm, 85% aqueous H3PO. as
external reference): -19.97.

s V—J_Zo Y= }JLAU_ )C)) J.J'/ e

(26) b oiof Uy iS5 Secrpecs]
Anal. Calc. for CxH2sNOsP (391.15): C, 61.37; H,
6.70 %. Found: C, 61.32; H, 6.73 %. 'H-NMR (400
MHz, CDCls, 8/ppm): 0.92 (s, 6H, CHs), 1.43-1.46
(t, 3=6.2 Hz, 6H, -OCH.CHs), 2.17-2.41 (m, 4H,
CHy), 4.09-4.14 (q, J= 7.0 Hz, 4H, -OCH,CHj3),
4.20-4.23 (t, J=6.2 Hz, 1H, CO-CH-CO), 5.51-5.54
(d, J= 10.8 Hz, 1H, -CH-PO-), 7.06-7.07(d, J=2.5
Hz, 1H, arom.), 7.08-7.09 (d, J=2.5 Hz, 1H, arom.),
7.11-7.12 (d, J=2.5 Hz, 1H, arom.), 7.13-7.14 (d,
J=2.5Hz, 1H, arom.). **C-NMR (100 MHz, CDCls,
&/ppm): 18.7 (2-OCH2CHa), 27.0 (2-CHs), 29.7 (-
C(CHa),), 31.2 (-CH-PO-), 38.0 (-CH,-CO-), 43.7 (-
CO-CH-CO-), 56.0 (2-OCH2CHs3), 115.9 (-CN),
124.5, 127.1,128.8, 129.5, 132.4, 148.7 (C=0),
150.0 (C=0). *'P-NMR (162 MHz, CDCls, 8/ppm,
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Anal. Calc. for C1gH26NO7P (411.14): C, 55.47; H,
6.37; N, 3.40 %. Found: C, 55.53; H, 6.34; N, 3.38
%. 'H-NMR (400 MHz, CDCls, 8/ppm): 1.11 (s, 6H,
CHs), 1.25-1.29 (t, J=7.1 Hz, 6H, -OCH,CHs), 2.14-
2.27 (AB g, J1=J,=16.4 Hz, 4H, CHy), 4.11-4.12 (q,
J=7.1 Hz, 4H, -OCH,CH3s), 4.82 (s, 1H, -CO-CH-
C0), 5.70-5.73 (d, J=11.3 Hz, 1H, -CH-PO-), 7.46-
7.48 (dd, J;=J,=2.0 Hz, 2H, arom.), 8.08-8.10 (dd,
J1=J,=2.0 Hz, 2H, arom.). ¥*C-NMR (63 MHz,
CDCls, 8/ppm): 16.1 (2-OCH,CHs), 27.3 (2-CHs),
29.6 (-C(CHs),), 31.3 (d, Ycp=101 Hz, -CH-PO-),
453 (-CH,-CO-), 46.1 (-CO-CH-CO-), 55.6 (2-
OCH,CHj3), 123.9, 126.1, 137. 4, 143.2, 154.41,
166.6 (C=0), 167.1 (C=0). 3P-NMR (162 MHz,
CDCls, 8/ppm, 85% aqueous HsPO. as external
reference): -18.54.

ol foi8) (o jRplSumgns] (q3-FiN—_uio (c3-ViF)) il (63
(2b) clipdus

Anal. Calc. for Cy9H270sP (366.16): C, 62.28; H,
7.43 %. Found: C, 62.34; H, 7.45 %. 'H-NMR (400
MHz, CDCls, 6/ppm): 1.07 (s, 6H, CH3), 1.33-1.36
(t, J=7.0 Hz, 6H, -OCH.CHj3), 2.27-2.36 (AB g,
J1=J,=23.52 Hz, 4H, CHy), 3.89-3.91 (q, J=7.0 Hz,
4H, -OCH,CHj3), 4.27 (s, 1H, -CO-CH-CO-), 5.34-
5.37 (d, J= 11.3 Hz, 1H, -CH-PO-), 7.27-7.54 (m,
5H, arom.). *CNMR (100 MHz, DMSO-dg, 8/ppm):
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85% aqueous H3PO4 as external reference): -19.60.
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Anal. Calc. for CyxH20sP (380.18): C, 63.15; H,
7.68 %. Found: C, 63.14; H, 7.70 %. 'H-NMR (400
MHz, CDCls, 8/ppm): 0.98 (s, 6H, CHz), 1.21-1.28
(m, 6H, -OCH,CH3), 2.132.23 (AB q, J1=J.=16.3
Hz, 4H, CHy), 2.24 (s, 3H, CHs-Ar), 4.16-4.21(q, J=
7.2 Hz, 4H, -OCH2CHs3), 4.7 (s, 1H, -CO-CH-CO),
5.42-5.45 (d, J= 10.0 Hz, 1H, -CH-PO-), 7.00-7.02
(d, J=7.8 Hz, 2H, arom.), 7.15-7.17 (d, J=8.0 Hz,
2H, arom.). ¥C-NMR (100 MHz, DMSO-ds,
d/ppm): 16.0 (2-OCH.CHa), 18.5 (-CHs-Ph), 27.7
(2-CH3), 27.8 (-C(CHa)2), 28.9 (d, *Jcp=107 Hz, -
CH-PO-), 35.3 (-CH2-CO-), 45.4 (-CO-CH-CO-),
46.0 (-CO-CH-CO-), 54.3 (2-OCH,CHs), 118.9,
130.6, 132.1, 148.6, 149.8, 154.0, 166.7 (C=0),
167.2 (C=0). 3P-NMR (162 MHz, CDCls, 8/ppm,
85% aqueous H3sPOs as external reference): -19.72.
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Anal. Calc. for CyH2906P (396.17): C, 60.60; H,
7.37 %. Found: C, 60.58; H, 7.39 %. *H-NMR (400
MHz, CDCls, 8/ppm): 1.07 (s, 6H, CHs), 1.59-1.63
(t, J=7.5 Hz, 6H, -OCH,CHs), 2.30-2.36 (m, 4H,
CHy), 3.73 (s, 3H, -OCHs3), 4.19-4.25 (q, J=7.5 Hz,
-OCH,CHs), 4.75 (s, 1H, -CO-CH-CO-), 5.34-5.37
(d, J= 9.0 Hz, 1H, -CH-PO-), 7.11 (m, 2H, arom.),
7.13 (m, 2H, arom.). *C-NMR (100 MHz, DMSO-
ds, 8/ppm): 17.9 (2-OCH,CHj), 27.3 (2-CHs), 28.0
(-C(CHs)2), 38.0 (d, *Jcp=121 Hz, -CH-PO-), 46.4 (-
CH,-CO-), 47.6 (-CO-CH-CO-), 52.2 (-OCHs), 55.6
(2-OCH,CHs), 113.8, 125.1, 137.3, 155.7, 160.7,
162.5 (C=0), 163.4 (C=0). 3P-NMR (162 MHz,
CDCls, d/ppm, 85% aqueous H3POy4 as external
reference): -19.94.
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