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A one-pot synthetic strategy was developed for the synthesis of novel sulfamidophosphonates via a three- 

component Kabachnik-Fields reaction of sulfanilamide, triethyl phosphite, and various aldehyde using ul - 

trasound irradiation. Seven organophosphorus derivatives were synthesized with high yields through this  

newly developed method. The target compounds were characterized by 1H, 31P, 13C NMR, and IR. The 

molecular structure of 4a was obtained by X-ray diffraction on the monocrystal. Crystal belongs to the 

orthorhombic system with space groups Pbca. Insight into the binding mode of the  synthesized  com- 

pounds (ligand) into the binding sites of SARS-CoV2 (PDF code: 5R80) was provided by docking studies, 

performed with the help of Maestro 9.0 docking software. 

© 2022 Elsevier B.V. All rights reserved. 

 
 

 
 

1. Introduction 

 
There are two main strategies for the discovery of new drugs 

based on two main strategies; either by structural modification of 

a drug molecule that already exists or by design and synthesis of 

an original molecule with a synergistic effect of two or more phar- 

macophores [1,2]. In recent years, biologists have reported human 

pathogens that are resistant to existing antibacterial drugs, for ex- 

ample; methicillin-resistant Staphylococcus aureus [3], vancomycin- 

resistant enterococci [4], and azole-resistant Candida species [5]. It 

is really difficult to cure infections caused by these microbes, es- 

pecially in immunocompromised patients [6]. 

Inhibition of many target enzymes of resistant bacteria is an 

emerging strategy for developing new antibacterial drugs. Among 

the bioactive molecules described in the literature, some sulfon- 

amide derivatives have shown promising antibacterial activities 

 

 
∗    Corresponding  authors. 

E-mail addresses: malika.berredjem@univ-annaba.org (M. Berredjem), 

malika.ibrahim@univ-amu.fr (M. Ibrahim-Ouali). 
# Participated equally in this collaborative work. 

[7–9]. Many sulfonamide derivatives were designed and synthe- 

sized as isosteres of carboxylic acids. 

The combination of two pharmacophores such as sulfonamide 

and phosphonate is still the subject of research today in the med- 

ical field (Fig. 1), such as compound 1, which exhibited applica- 

tive inhibitory activity of cyclooxygenase COX-2 (IC50= 0.28 μM) 

and antiproliferative capacity against several cancer cell lines [10]. 

Verma et al. [11] reported the synthesis of sulfonamidophospho- 

nates 2, the obtained results showed that they are good corrosion 

inhibitors for mild steel and their inhibition efficiency increases 

with the concentration. Furthermore, new sulfonamidophospho- 

nates have been developed as selective inhibitors of COX-2 (the 

mediator of cell survival, proliferation, and apoptosis) and anti- 

cancer candidates. Compounds 3, 4, and 5 were evaluated for their 

in vitro antituberculous activity against Mycobacterium tubercu- 

losis H37Rv. These compounds exhibited superior antituberculo- 

sis activity compared to standard drugs; ethambutol and pyraz- 

inamide with a minimum inhibitory concentration MIC value of 

1.56 μg/mL. (Fig. 2) [12]. 

Currently, viral infections are the source of many diseases af- 

fecting the whole world, and we are constantly seeing the appear- 

ance of new ones. This is seen with the epidemic of severe acute 
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Fig. 1.  Rational approach to the design of active compounds containing sulfonamide and phosphonate moieties. 

 

 
Fig. 2.  Structures of sulfamidophosphonates having biological activities. 

 
respiratory syndrome (SARS) or even more recently with the coro- 

navirus disease 2019 (COVID −19) [13,14]. Virtual screening is a 

technique developed by researchers to design new biomolecules 

against the coronavirus [15–18]. The main protease enzyme (Mpro) 

is essential for viral replication and has been considered as one of 

the potent drug targets for treating COVID-19. The functional role 

of Mpro in the viral replication highlights its importance that can 

be used to identify the potential drug therapeutics against COVID- 

19. 

In silico simulations have identified new compounds with po- 

tential antiviral activity, which require further experimental stud- 

ies. Sulfonamides and phosphonates are known for their remark- 

able antiviral activities [19,20]. 

We have presented a novel and simple route to the successful 

synthesis of seven novel sulfamidophosphonates, which were then 

subjected to X-ray diffraction. Next, its antiviral potency against 

SARS-CoV-2 Mpro was tested using Autodock and Maestro to com- 

pare its antiviral performance with various synthetic drugs. 

The  new  single  crystals  were   obtained   by   recrystalliz- 

ing from ethanol of the products named diethyl (phenyl((4- 

sulfamoylphenyl)amino)methyl)phosphonate (3a). A  search  in 

the CSD database version 5.41 using the ConQuest software ver- 

sion 2020.1 for molecules with the same core did not generate any 

results about its crystallographic analysis. Therefore, we report a 

complete study on the molecular and supramolecular structures. 

The  crystal  was  kept  at  295  K  during  data  collection.  Us- 

ing Olex2 [21], the structure was solved with the SHELXT 

[22] structure solution program using Intrinsic Phasing and  re- 

fined with the SHELXL [23] refinement package using Least Squares 

minimisation. 
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2. Experimental section 

 
2.1. General information 

 
The chemicals used in this work were obtained from Fluka and 

Merck Chemical Company and were used without purification. 

All reactions were monitored by TLC on silica Merck 60 F254 

percolated aluminum plates and were developed by spraying with 

ninhydrin solution. Sonication was performed in a FUNGILAB ul- 

trasonic bath with  a  frequency  of  40  kHz  and  output  power  of 

250 W. The reactions were carried out in an open glass tube (di- 

ameter: 25 mm; thickness: 1 mm; volume: 20 cm3) at room tem- 

perature. IR spectra were recorded as KBr pellets on a Perkin Elmer 

781 spectrophotometer and an Impact 400 Nicolet FT-IR spec- 

trophotometer. 1H NMR and 13C NMR and 31P NMR spectra were 

recorded on a Bruker spectrometer at 400 MHz using tetramethyl- 

silane (TMS) as internal standard and DMSO–d6  or  CDCl3  as  sol- 

vent.  Chemical  shifts  are  reported  in  δ units  (ppm)  with  TMS  as 

reference (δ 0.00). All coupling constants (J) are reported in Hertz. 

Multiplicity is indicated by one or more of the following: s (sin- 

glet), d (doublet), dd (doublet of doublet), t (triplet), td (triplet of 

doublet), q (quartet), m (multiplet). 

Melting points were measured in open capillary tubes on an 

electrothermal apparatus and uncorrected. 

 
2.2. General procedure for the synthesis of sulfamidophosphonate 

derivatives 3(a-g) 

 
In a 10 mL round bottom flask taken a mixture of sulfanilamide 

(1 mmol) aldehyde (1 mmol) and at room temperature and then 

triethyl phosphite (1 mmol) was added. The reaction mixture was 

then sonicated by an ultrasonic bath at a frequency of 40 kHz for 

10 to 15 min. After completion of the reaction, as indicated by 

TLC, silica gel dichloromethane- methanol (99/1). The final product 

was purified by column chromatography eluted dichloromethane- 

methanol (99/1) or was crystallized in diethyl ether/n-hexane, and 

the mixture was cooled to 6 °C overnight. The product was finally 

filtered and dried to afford the pure α-sulfamidophosphonates in 

excellent yields. 

 
2.3. Spectral data 

 
2.3.1. Diethyl (phenyl((4-sulfamoylphenyl)amino)methyl)phosphonate 

(4a) 

White  powder,  yield  88%,  m.p.  198–200    °C,    Rf    ꞊0.22 

(CH2 Cl2 /MeOH: 96/4)1H NMR (400  MHz,  DMSO–d6)  δ 7.54–7.52 

(m, 2H, HAr ) 7.44(d, J꞊8.8 Hz, 2H, NH2 ) 7.33(t, J = 12 Hz, 2H, HAr ) 

7.26–7.23 (m, 1H, NH), 7.09–7.05 (m,1H, HAr ), 6.89(d, J = 8.8 Hz, 

4H, HAr ), 5.15 (dd, 1H, ∗CH), 4.08–4.00 (m, 1H, CH2 ), 3.92–3.86 (m, 

1H, CH2 ), 3.76–3.72 (m, 1H, CH2 ), 1.18(t, J = 7 Hz, 3H, CH3 ), 1.05 

(t, J = 7 Hz, 3H, CH3 ) ppm. 13C NMR (101 MHz, DMSO) δ 150.09 

(d,  J  = 13.4  Hz),  136.26,  131.51,  128.24  (d,  J  = 5.4  Hz),  128.01 
(d,  J  = 2.4  Hz),  127.49  (d,  J  = 2.9  Hz),  126.91,  112.36,  62.49  (d, 

Jc-p  = 6.8  Hz,  CH2–CH3 ),  62.30(d,  Jc-p  = 6.9  Hz,  CH2–CH3 ),  53.44 

(Jc-p =  151.2,  ∗CH),  16.25  (d,  Jc-p  =  5.2  Hz,  CH2–CH3 ),  16.00  (d, 

Jc-p = 5.4 Hz, CH2–CH3 ), ppm. 31P NMR  (100  MHz,  DMSO–d6)  δ 
22.19 ppm. IR (KBr, cm−1): 3342.05 (NH2 ), 1149.70–1319.94 (SO2 ), 

1227.04 (P꞊O). Anal. Calcd for C17 H23 N2 O5 PS C, 51.25; H, 5.82; N, 
7.03. Found: C, 51.30; H, 5.70; N, 7.10. 

 
2.3.2. Diethyl ((4-fluorophenyl)((4-sulfamoylphenyl)amino)methyl) 

phosphonate (4b) 

Yellow  powder , yield: 86% , m.p 168–170  °C   ,   Rf   ꞊0.22 

(CH2 Cl2 /MeOH:  96/4)1H  NMR  (400  MHz,  DMSO–d6)  δ 7.56  (ddd, 

J  = 7.6,  5.4,  2.2  Hz,  2H,  HAr ),  7.45  (d,  J  = 7.1  Hz,  2H,  NH2 ), 

7.20  –  7.04  (m,  3H,  HAr ),  6.93–6.85  (m,  4H,  HAr ),  5.20  (dd,  1H, 

∗CH),  4.04 (dqd, J  = 11.2, 7.0, 2.8  Hz, 2H, CH2),  3.95 – 3.87  (m, 

1H, CH2),  3.82  –  3.73  (m,  1H,  CH2),  1.17  (t,  J  = 7.0  Hz,  3H, 
CH3 ), 1.06 (t, J = 7.1 Hz, 3H, CH3 ) ppm. 13C NMR (101 MHz, 
DMSO–d6)  δ 162.95,  160.53,  150.09  (d,  J꞊13.5  Hz),  132.58  (d, 

J = 2.9 Hz), 131.74, 130.38–130.25(m), 127.11, 115.17–114.93(m), 

62.81  (d, Jc-p = 6.6 Hz, CH2–CH3 ), 62.57 (d, Jc-p =  6.9  Hz, CH2–

CH3 ), 52.75 (d, Jc-p = 152 Hz,∗CH) 16.35 (d, Jc-p  = 5.1  Hz, CH2–CH3 ), 

16.15(4, Jc-p = 5.5 Hz, CH2–CH3 ) ppm. IR (KBr, cm−1): 3332.54  (NH2),  
1149.16–1318.92  (SO2),  1225.03  (P꞊O).  Anal.  Calcd 

for C17 H22 FN2 O5 PS: C, 49.04; H, 5.33; N, 6.73. Found: C, 49.15; H, 
5.40; N, 6.80. 

 
 

2.3.3. Diethyl ((4-bromophenyl)((4-sulfamoylphenyl)amino)methyl) 

phosphonate (4c) 

White  powder,  yield  80%,  m.p.    172–174    °C,    Rf    ꞊0.24 

(CH2 Cl2 /MeOH:  96/4) 1H NMR (400 MHz,  DMSO–d6)   δ 7.54 

(dd,  J  = 8.6,  2.2  Hz,  2H,  HAr ),  7.46  (d,  J  = 8.9  Hz,  2H,  NH2 ), 

7.40 (d, J = 8.4 Hz, 2H, HAr ), 7.07 (dd, J = 9.7, 6.6 Hz, 1H, NH), 

6.95 – 6.81 (m, 4H, HAr ), 5.20 (dd, 1H, ∗CH), 4.12 – 3.99 (m, 2H, 
CH2 ), 3.98 – 3.87 (m, 1H, CH2 ), 3.87 – 3.74 (m, 1H, CH2 ), 1.18 (t, 

J = 7.0 Hz, 3H, CH3 ), 1.08 (t, J = 7.1 Hz, 3H, CH3 ) ppm. 13C NMR 

(101 MHz,  DMSO–d6)  δ 150.02  (d,  J  = 13.4  Hz),  135.54,  132.34 

(d,  J  = 3.6  Hz),  131.80  (d,  J  = 5.5  Hz),  128.19  (d,  J  = 2.5  Hz), 
127.09, 62.85 (d, Jc-p = 6.9 Hz, CH2–CH3 ), 62.59 (d, Jc-p = 6.9 Hz, 

CH2–CH3 ), 52.87 (d, Jc-p = 151.3 Hz, ∗CH), 16.35 (d, Jc-p = 5.1 Hz, 

CH2–CH3 ), 16.15 (d, Jc-p = 5.5 Hz, CH2–CH3 ) ppm. IR (KBr, cm−1): 
3351.92 (NH2), 1150.03–1322.47 (SO2), 1225.53 (P꞊O). Anal. Calcd 

for C17 H22 BrN2 O5 PS C, 42.78; H, 4.65; N, 5.87. Found : C, 42.85; H, 
4.57; N, 5.77. 

 
 

2.3.4. Diethyl ((4-methoxyphenyl)((4-sulfamoylphenyl)amino)methyl) 

phosphonate (4d) 

White  powder,   yield   85%,   m.p.   158–160   °C,   Rf   ꞊   0.22 

(CH2 Cl2 /MeOH:  96/4).  1H  NMR  (400  MHz,  DMSO–d6)  δ 7.44  (dd, 

J = 8.9, 2.0 Hz, 4H, NH2 +HAr ), 7.02 (dd, J = 9.8, 6.4 Hz, 1H, NH), 

6.95  –  6.77  (m,  6H,  HAr ),  5.15  (dd,  1H,  ∗CH),  4.14–3.94  (m,  2H, 
CH2 ), 3.94 – 3.82 (m, 1H, CH2 ), 3.78–3.73 (m, 1H, CH2 ),3.72 (s, 3H, 

OCH3 ), 1.18 (t, J = 7.0 Hz, 3H, CH3 ), 1.07 (t, J = 7.0 Hz, 3H, CH3 ) 

ppm.13C NMR (101 MHz, DMSO–d6) δ 158.68 (d, J = 2.9 Hz), 150.15 

(d,  J  = 13.4  Hz),  131.42,  129.43  (d,  J  = 5.5  Hz),  127.949,  126.902, 

113.51  (d,  J  = 2.1  Hz),  112.40,  62.42  (d,  Jc-p  = 7  Hz,  CH2–CH3 ), 

62.27  (d,  Jc-p  = 6.9  Hz,  CH2–CH3 ),  54.26  (d,  Jc-p  = 150.6  Hz, 
∗CH), 16.30 (d, Jc-p = 5.5 Hz, CH2–CH3 ), 16.09 (d, Jc-p = 5.5 Hz, CH2–

CH3 )  ppm.  IR  (KBr,  cm−1):  3317.19  (NH2 ),  1153.18–1310.95 
(SO2 ), 1223.14 (P꞊O).Anal.Calcd for C18 H25 N2 O6 PS C, 50.46; H, 5.88; 
N, 6.54. Found: C, 50.51; H, 5.80; N, 6.62. 

 
 

2.3.5. Diethyl ((4-hydroxyphenyl)((4-sulfamoylphenyl)amino)methyl) 

phosphonate (4e) 

White  powder,  yield  84%,  m.p.  90–92  °C,    Rf    =   0.11 
(CH2 Cl2 /MeOH:  96/4). 1H NMR  (400   MHz,   DMSO–d6)   δ 9.38 

(s, 1H, OH), 7.45 (d, J = 8.9 Hz, 2H, NH2), 7.32 (dd, J = 8.7, 2.2 Hz, 
2H, HAr ), 6.97 (dd, J = 9.8, 6.2 Hz, 1H, NH), 6.92–6.84 (m, 4H, HAr ), 

6.71  (d,  J  = 8.6  Hz,  2H),  5.0  (dd,  1H,  ∗CH),  4.06  –  4.00  (m,  2H, 

CH2 ), 3.88 (dt, J = 10.3, 7.2 Hz, 1H, CH2 ), 3.76 – 3.67 (m, 1H, CH2 ), 

1.18 (t, J = 7.0 Hz, 3H, CH3 ), 1.06 (t, J = 7.0 Hz, 3H, CH3 ) ppm.13C 

NMR  (101  MHz,  DMSO–d6)  δ 156.54  (d,  J  = 2.6  Hz),  150.21  (d, 

J = 13.5 Hz), 131.32, 129.42 (d, J = 5.8 Hz), 126.91, 126.10, 114.89 

(d, J = 2.2 Hz), 112.36, 62.30 (d, Jc-p = 13.4 Hz, CH2–CH3 ), 61.17 (d, 

Jc-p = 5.5 Hz,  CH2–CH3 ),  52.86(d,  Jc-p  = 153.1  Hz,  ∗CH),  16.31  (d, 

Jc-p  = 5.1 Hz, CH2–CH3 ), 16.09 (d, Jc-p  = 5.1 Hz, CH2–CH3 ) ppm. IR 

(KBr, cm−1): 3343.79 (NH2 ), 1147.64–1323.66 (SO2 ), 1219.42 (P꞊O). 
Anal. Calcd for C17 H23 N2 O6 PS: C, 49.27; H, 5.59; N, 6.76. Found: C, 
49.35; H, 5.67; N, 6.84. 
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Scheme 1.  Synthesis of α-sulfamidophosphonate derivatives. 

 
2.3.6. Diethyl (((4-sulfamoylphenyl)amino)(m-tolyl)methyl) 

phosphonate (4f) 

White powder, yield 86%, m.p. 194–196 °C, Rf = 0.21 
(CH2Cl2/MeOH: 96/4). 1H NMR (400 MHz,  DMSO–d6)  δ 7.48–7.42 

(m,  2H,  NH2),  7.38  –  7.30  (m,  2H,  HAr),  7.21  (t,  J  = 7.6  Hz,  1H, 
NH), 7.13 – 7.01 (m, 2H, HAr), 6.94 – 6.83 (m, 4H, HAr), 5.10 (dd, 

1H,  ∗CH),  4.12  –  3.98  (m,  2H,  CH2),  3.94  –  3.82  (m,  1H,  CH2), 

3.78  –  3.64  (m,  1H,  CH ),  2.28  (s,  3H,  CH ),  1.18  (t,  J  = 7.0  Hz, 

Table 1 

Optimization of reaction time and solvent for the synthesis of 

α-sulfamidophosphonates. 
 

Entry Solvent Time/min Temp/ °C Yields% 

1 No solvent 90 r.t — 

2 CH2Cl2 90 r.t — 

3 MeOH 75 r.t 40 

4 EtOH 60 r.t 50 

5 Acetone 30 r.t 90 

3H, CH3),  1.06  (t,  J  = 7.0  Hz,  3H,  CH3)  ppm.13C  NMR  (101  MHz,    

DMSO–d6) δ 150.17   (d,   J   = 13.5   Hz),   137.09   (d,   J   = 2.6   Hz), 
136.21, 131.47, 128.81 (d, J = 5.5 Hz), 128.24, 127.94, 127.41, 126.96, 

125.43 (d, J = 5.4 Hz), 62.51 (d, Jc-p  = 6.9 Hz, CH2–CH3), 62.36 (d, 

Jc-p = 6.9 Hz, CH2–CH3), 53.38 (d, Jc-p = 151 Hz, ∗CH), 16.30 (d, 

At room temperature, some solvents were examined under ul- 

trasound irradiation, and it is observed  that  the  reaction  formed 

only a low yield in CH Cl , MeOH, and EtOH. 
Jc-p = 5.1 Hz, CH2–CH3), 16.03 (d, Jc-p = 5.8 Hz, CH2–CH3) ppm. IR 
(KBr, cm−1): 3336.3 (NH ), 1149.46–1315.53 (SO ), 1208.35 (P꞊O). A  higher  yield  of  90%  was  obtained  using  acetone  as  solvent 

2 2 (Table 1). 
Anal. Calcd for C18H25N2O5PS: C, 52.42; H, 6.11; N, 6.79. Found: C, 
52.54; H, 6.21; N, 6.87. 

 
 

2.3.7. Diethyl ((4-chlorophenyl)((4-sulfamoylphenyl)amino)methyl) 

phosphonate (4g) 

White powder, yield 79%, m.p.178–180 °C, Rf = 0.20 
(CH2Cl2/MeOH:  96/4). 1H  NMR   (400   MHz,   DMSO–d6)   δ 7.66 

(d, J = 7.5 Hz, 1H, NH), 7.53–7.42 (m, 3H, NH2+HAr), 7.38 – 7.22 
(m, 3H, HAr), 6.92 (s, 2H, HAr), 6.76 (d, J = 8.9 Hz, 2H, HAr), 5.30 

The reaction between sulfanilamide 1, benzaldehyde,  and  tri- 

ethyl phosphite was selected as a model to evaluate the feasibility 

of α-sulfamidophosphonates and to optimize the reaction condi- 

tions. 

 
3.2. Mechanistic proposal 

 
The structures of the synthesized compounds are confirmed by 

elemental analysis as well as by IR and 1H, 13C, and 31P NMR spec- 
31 

(dd,  1H,  ∗CH),  4.11  (m,  2H,  CH2),  3.88  (dt,  J  = 10.5,  7.5  Hz,  1H, 
CH2), 3.78 – 3.63 (m, 1H, CH2), 1.22 (t, J = 7.0 Hz, 3H, CH3), 1.02 

tral data. The P NMR spectrum of the 4a exhibited one peak at 

δ = 22.19 ppm. 

(t,  J  =  7.0  Hz,  3H,  CH3)  ppm.13C  NMR  (101  MHz,  DMSO–d6)  δ 
149.61  (d,  J  = 13.9  Hz),  133.93,  133.38  (d,  J  = 7.7  Hz),  132.17, 

129.60, 129.16, 127.36, 112.11, 62.94 (d, Jc-p = 6.9 Hz, CH2–CH3), 

62.67 (d, Jc-p = 6.9 Hz, CH2–CH3), 50.51 (d, Jc-p = 155 Hz, ∗CH), 

16.30 (d, Jc-p = 5.5 Hz, CH2–CH3), 15.94 (d, Jc-p = 5.1 Hz, CH2–CH3) 

ppm. IR (KBr, cm−1): 3286.65 (NH2) 1148.98–1327.16(SO2), 1205.50 
(P꞊O).  Anal.  Calcd  for  C   H   ClN O PS:  C,  47.17;  H,  5.12;  N,  6.47. 

NMR spectra were recorded using DMSO as the solvent and are 
available in the supplementary material part. The 1H  spectrum  al- 

ways showed a deshielded doublet of doublets at  δ= [5.0–5.30] 

ppm corresponding to  the  NH∗CH(R)PO(OEt)2.  The  two  CH2  groups 

of the mustard moiety appeared at δ = [4.14–3.87] and [3.94–3.63]. 
In the FT-IR spectrum, we observed an absorption band toward 

[3351.92- 3286.65] cm−1 corresponding to the NH group, the sul- 
17  22 2    5 

Found: C, 47.25; H, 5.08; N, 6.55. 
 
 

3. Results and discussion 

 
3.1. Synthesis and characterization 

 
The application of ultrasound as a catalyst in chemical synthesis 

has become an important field of research. 

Herein, to continue the previous work of our group on phos- 
phonate and sulfonamide derivatives [24–29], we are interested to 

study the one-pot synthesis of α-sulfamidophosphonate under a 

green, clean, and environment-friendly method using ultrasound 

irradiation. In this work sulfanilamide 1 was reacted with various 

aromatic aldehydes (2a-2 g) and triethyl phosphite in the absence 

of any catalyst after 30–60 min, the reaction was completed with 

an excellent yields (Scheme 1). 

Scheme 2 

famide group stretching with signals at [1153.18–1147.64] cm−1 

and [1327.16–1310.95] cm−1 and the phosphonate group appear 

around [1229.42–1205.92] cm−1. 
In 13C spectrum was also characteristic due to the expected 

doublets related to the presence of the phosphorus (JC-P couplings), 

the two ethoxy groups of the phosphonates appeared at [16.37– 

15.94]  ppm  (JC-P   ∼ 5.1–5.8  Hz),  [62.95–61.17]  ppm  (JC-P   ∼ 6.6– 

7 Hz), and the asymmetric carbon NH∗CH(R) PO(OEt)2 at [50.51– 

54.26] ppm (doublet with a  large  coupling  constant  JC-P  ∼150.6– 
155 Hz). 

 
3.3. X-ray diffraction data and crystal structures of compounds 4a 

 
Structural resolution of compound 3a revealed that the asym- 

metric unit consists of one molecule of diethyl (phenyl((4- 

sulfamoylphenyl)amino)methyl)phosphonate (4a), which crystal- 

lizes in orthorhombic system space groups Pbca (Table 1). The OR- 

TEP diagram of this compound is shown in Fig. 3. 
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Scheme 2.  Mechanistic proposal for synthesis of the novel compounds. 

 

 
Fig. 3.  Ortep drawing of compound 4a and its numbering scheme. Thermal ellipsoids were drawn at the 50% probability level. 

 

The dihedral angle between the mean planes of the two phenyl 

rings is 81.01(2) °. The crystal packing can be described as  alter- 

nating layers parallel to (001) plane along the c axis (Fig. 4) which 

are connected together with N–H…O and C–H…O hydrogen bonds 

(Table 2). 

In these  layers,  the  arrangement  of  each  molecule  induces 

a weak π –π staking intermolecular interactions. The shortest 

centroid–centroid  distance  is  5.3124(1)Å   between  phenyl  rings. 

Tables 3 and 4 

The crystal structure is also supported by weak intermolecu- 

lar interactions of C–H… π interactions (C14–H14a…Cg1 with Cg1: 
centroid of phenyl ring of (C2-C7). 

The values of the selected interatomic distances (Å ), valence an- 

gles (°) and torsion angles (°) of compound 4a are represented in 

Tables 5–7. 

 
3.4. Molecular docking 

 
The protein structure of SARS-CoV-2 main protease (PDB ID: 

5R80) was retrieved from the Protein Data Bank [30] and was pre- 

pared with the Protein Preparation Wizard tool implemented in 

the Schrodinger suite, assigning bond orders, adding hydrogens, 

and optimizing H-bonding networks. The three-dimensional struc- 

tures of the derivatives were constructed using Maestro software 
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Table 2 

Physico-chemical characterization of the new synthesized compounds 4a-4g. 
 

Entry Aldehyde Compound          Time Yields% Melting point °C 

        

 
       

               

 

1 

            

30 

 

88 

 

198–200 

               

 
 

2 

            
 

30 

 
 

86 

 
 

168–170 

               

 

3 

            

40 

 

80 

 

172–174 

               

 
 

4 

   
 

 

        
 

40 

 
 

85 

 
 

158–160 

               

 
 

5 

            
 

60 

 
 

84 

 
 

90–92 

               

 

 
6 

   

 
 

        

 
50 

 

 
86 

 

 
194–196 

               

 
 

7 

  
 

          
 

50 

 
 

79 

 
 

178–180 

 

 
Table 3 

Distances  (Å )  and  angles  (°)  of  hydrogen  bond  for  4a. 
 

D–H…A d(D–H) d(H…A) d(D–A) D–H–A Symmetry 

N1–H1…O4 0.86 0.2300 3.0081(1) 150.0 1/2 + x,y,1/2-z 

N2–H2a…O1 0.89 2.0000 2.8783(1) 171.0 1/2-x,−1/2 + y,z 

C13–H13…O1 093 2.5700 3.1758(1) 123.0 1-x,−1/2 + y,1/2-z 

C13–H13…O4 0.93 2.5900 3.3143(1) 135.0 1/2 + x,y,1/2-z 

C10–H10…O4 0.93 2.5700 2.9304(1) 104.0 x,y,z 

C14–H14b…O1 0.97 2.5900 2.9961(1) 105.0 x,y,z 
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Fig. 4.  The crystal packing of compound 4a, viewed from b axis, showing a double layer along a c axis. 
 
 
 
 

Table 4 

Crystallographic data and refinement parameters for 4a. 
 

Crystal data Compound 3a 

Chemical formula C17 H23 N2 O5 PS 
Mr 398.40 

Crystal system, space group Orthorhombic  ,  Pbca 

Temperature (K) 295 

a,  b,  c  (Å ) 13.54695(11),  11.72156(9),  24.2554(2) 

α (°), β (°), λ (°) 90 

V  (Å 3 ) 3851.56(6) 

Z 8 

ρcalc (g/cm3) 1.374 

Radiation type Cu Kα (λ = 1.54184) 

m (mm−1) 
2.546 

Crystal size (mm) 0.46 × 0.16 × 0.1 

Data collection  

Diffractometer SuperNova, Dual, Cu at home/near, AtlasS2 

Absorption correction Multi-scan 
Tmin, Tmax 0.441,1.000 

2Ɵ range for data collection (°) 7.29 to 151.764 

Index ranges −16 ≤ h ≤ 16, -14 ≤ k ≤ 14, -27 ≤ l ≤ 30 

Final R indexes [I>=2σ (I)] 
R1 = 0.0425, wR2 = 0.1203 

Final R indexes [all data] R1 = 0.0442, wR2 = 0.1229 
Independent reflections 3995 [Rint = 0.0321, Rsigma  = 0.0208] 

Reflections collected 21,194 

Refinement 
 

Goodness-of-fit on F2 1.025 

Data/restraints/parameters 3995/0/238 

Largest  diff.  peak/hole:  ∆max ,  ∆min  (e  Å −3 ) 0.36/−0.33 
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Table 5 

Selected  interatomic  distances  (Å )  and  valence  angles  (°)  of  crystals  4a. 

Bonding  atoms Bond  lengths  (Å ) Bonding  atoms Bond  lengths  (Å ) 

S1—O4 1.4301(13) C2—C7 1.380(2) 

S1—O5 1.4288(12) C3—C4 1.386(3) 

S1—N2 1.6227(16) C4—C5 1.376(4) 

S1—C11 1.7570(15) C5—C6 1.369(3) 

P1—O1 1.4694(12) C6—C7 1.394(3) 

P1—O2 1.5535(14) C8—C9 1.399(2) 

P1—O3 1.5627(14) C8—C13 1.406(2) 

P1—C1 1.8232(15) C9—C10 1.386(2) 

O2—C14 1.456(2) C10—C11 1.386(2) 

O3—C16 1.424(2) C11—C12 1.390(2) 

N1—C1 1.4474(19) C12—C13 1.370(2) 

N1—C8 1.3771(19) C14—C15 1.467(3) 

C1—C2 1.521(2) C16—C17 1.455(4) 

C2—C3 1.389(2) 

Bonding atoms Bond angles (°) Bonding atoms Bond angles (°) 

O4—S1—N2 106.55(9) C7—C2—C1 119.66(14) 

O4—S1—C11 107.66(7) C7—C2—C3 119.06(16) 

O5—S1—O4 119.32(9) C4—C3—C2 119.85(19) 

O5—S1—N2 106.24(9) C5—C4—C3 120.63(19) 

O5—S1—C11 108.67(8) C6—C5—C4 119.99(19) 

N2—S1—C11 107.91(7) C5—C6—C7 119.8(2) 

O1—P1—O2 114.80(8) C2—C7—C6 120.68(18) 

O1—P1—O3 114.84(9) N1—C8—C9 123.67(13) 

O1—P1—C1 113.18(7) N1—C8—C13 117.85(13) 

O2—P1—O3 106.72(9) C9—C8—C13 118.44(13) 

O2—P1—C1 105.04(8) C10—C9—C8 120.24(14) 

O3—P1—C1 100.89(7) C9—C10—C11 120.26(14) 

C14—O2—P1 124.21(14) C10—C11—S1 121.50(12) 

C16—O3—P1 124.47(15) C10—C11—C12 120.03(14) 

C8—N1—C1 123.58(13) C12—C11—S1 118.44(11) 

N1—C1—P1 105.77(10) C13—C12—C11 119.90(14) 

N1—C1—C2 115.66(13) C12—C13—C8 121.11(14) 

C2—C1—P1 114.24(10) O2—C14—C15 110.7(2) 

C3—C2—C1 121.28(15) O3—C16—C17 110.1(2) 
 

 

 

 
Table 6 

Selected torision angles (°) of crystals 4a. 
 

Bonding atoms Torsion angles Bonding atoms Torsion angles 

S1—C11—C12—C13 −176.89(13) N2—S1—C11—C10 −103.90(15) 

P1—O2—C14—C15 −92.6(3) N2—S1—C11—C12 74.23(15) 

P1—O3—C16—C17 175.9(2) C1—P1—O2—C14 −132.72(18) 

P1—C1—C2—C3 −79.58(17) C1—P1—O3—C16 168.9(2) 

P1—C1—C2—C7 100.59(16) C1—N1—C8—C9 −1.5(2) 

O1—P1—O2—C14 −7.8(2) C1—N1—C8—C13 176.24(14) 

O1—P1—O3—C16 46.8(3) C1—C2—C3—C4 179.12(17) 

O1—P1—C1—N1 57.95(12) C1—C2—C7—C6 179.94(17) 

O1—P1—C1—C2 −173.69(11) C2—C3—C4—C5 1.1(3) 

O2—P1—O3—C16 −81.6(2) C3—C2—C7—C6 0.1(3) 

O2—P1—C1—N1 −176.07(11) C3—C4—C5—C6 −0.2(3) 

O2—P1—C1—C2 −47.71(13) C4—C5—C6—C7 −0.8(3) 

O3—P1—O2—C14 120.72(18) C5—C6—C7—C2 0.8(3) 

O3—P1—C1—N1 −65.27(12) C7—C2—C3—C4 −1.1(3) 

O3—P1—C1—C2 63.09(13) C8—N1—C1—P1 −155.29(13) 

O4—S1—C11—C10 10.74(16) C8—N1—C1—C2 77.20(19) 

O4—S1—C11—C12 −171.12(13) C8—C9—C10—C11 −0.6(3) 

O5—S1—C11—C10 141.29(14) C9—C8—C13—C12 −1.0(2) 

O5—S1—C11—C12 −40.57(15) C9—C10—C11—S1 177.29(13) 

N1—C1—C2—C3 43.6(2) C9—C10—C11—C12 −0.8(2) 

N1—C1—C2—C7 −136.25(16) C10—C11—C12—C13 1.3(2) 

N1—C8—C9—C10 179.24(15) C11—C12—C13—C8 −0.3(3) 

    N1—C8—C13—C12  −178.92(15)  C13—C8—C9—C10  1.5(2)  

 
 
 

and prepared with Ligprep using Optimized Potentials for Liquid 

Simulation (OPLS3e) force field with a convergence of heavy atoms 

of 0.30 A˚ [31]. The Grid was centered on the centroid of the co-

crystallized ligand (Methyl 4-sulfamoylbenzoate). The final pre- 

pared PDB file of the protein and synthesized sulfamidophospho- 

nates (4a, 4b, 4c, 4d, 4e, 4f, and 4g) were submitted to run the 

docking process. Docking studies were conducted using Glide soft- 

Table 7 

Hydrogen  atom  coordinates  (Å   × 104)  and  isotropic  dis- 

placement  parameters  (Å 2   × 103)  for  (4a). 
 

Atom x y Z U(eq) 

H1 9163.12 3514.1 3213.16 46 

H2A 5295.57 429.73 2308.07 58 

H2B 6076.87 −237.97 2054.07 58 

H1A 8054.74 5387.51 3166.79 37 

H3 8330.03 3411.41 4280.16 57 

H4 7311.74 3348.45 5044.91 73 

H5 6071.88 4670.91 5155.43 74 

H6 5843.84 6075.88 4505.76 69 

H7 6887.63 6181.15 3748.57 53 

H9 6774.01 4370.24 2865.86 44 

H10 5746.71 3391.05 2269.28 45 

H12 7872.46 1065.95 2009.18 44 

H13 8890.3 2016.22 2608.89 44 

H14A 9297.68 8347.29 3874.9 68 

H14B 9932.55 7810.73 3399.4 68 

H15A 10,535.47 7816.58 4497.21 129 

H15B 10,899.58 8714.38 4063.46 129 

H15C 11,179.29 7424.43 3994.7 129 

H16A 11,212.02 5396.77 4313.79 99 

H16B 11,462.27 4505.37 3850.77 99 

H17A 10,824.82 3982.32 4908.83 145 

H17B 11,875.44 3726.41 4667.76 145 

H17C 10,953.36 3062.27 4445.27 145 

 
Table 8 

Docking score and binding energy (kcal/mol) of syn- 

thesized sulfamidophosphonates with the reference. 
 

Compound code Glide score Binding energy 

4a −5.498 −58.548 

4b −6.138 −62.526 

4c −5.408 −62.168 

4d −5.523 −58.760 

4e −6.388 −65.074 

4f −4.802 −50.550 

4 g −5.485 −59.644 

    co-crystalized  −6.518  −47.112  

 

 
Fig. 5. Validation of the docking protocol: docked and co-crystalized (methyl 4- 

sulfamoylbenzoate) in the SARS-CoV-2 main protease after self-docking calculation. 

 

 

ware [32] at Standard Precision (XP) [33]. Output files of Methyl 4- 

sulfamoylbenzoate and docked compounds along with SARS-CoV-2 

main protease protein were visualized on Chimera software. 

 
3.5. Molecular docking study 

 
In order to understand the interactions between protein and 

ligand,  a molecular docking  study   was   performed   to   explore 

the binding mode of the prepared sulfamidophosphonates to the 
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Fig. 6. 3D left and 2D right binding disposition of compounds 4a, 4b, 4c and 4d after docking calculations in the active site of SARS-CoV-2 main protease. The amino acid 

residues were shown as stick model and H-bonds were shown as cyan lines. 

 

SARS-CoV-2 main protease. Our studies were realized using the 

Schrodinger suite (version 11.8) and UCSF Chimera (version 1.13.1) 

programs. The co-crystal (Methyl 4-sulfamoylbenzoate) was taken 

as a reference ligand to investigate the binding mode of the stud- 

ied synthesized derivatives. 

To validate the docking protocol, we re-dock the co-crystal 

(Methyl 4-sulfamoylbenzoate) in the active site of the SARS-CoV-2 

main protease. (Fig. 5) shows docked Methyl 4-sulfamoylbenzoate 

and co-crystallized one in almost the same position among the re- 

ceptor  (RMSD  value  is  0.8412  < 1  Å )  that  confirmed  validation  of 

docking protocol. 

The results of this study, showing the estimated glide score and 

bond energy of anchored positions, are presented in (Table 8). A 

molecular docking  study  of  all  compounds  revealed  compounds 

(4a, 4b, 4c, 4d, 4e, 4f, and 4g) found to be stable inside the cav- 

ity. All these Compounds 4a, 4b, 4c, 4d, 4e, 4f, and 4g gave bet- 

ter binding energy and good glide score in the range (−50.550 to 

−65.074 kcal/mol), (−4.802 to −6.388 kcal/mol), respectively, when 
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Fig. 7. 3D left and 2D right binding disposition of compounds 4e, 4f and 4g after docking calculations in the active site of SARS-CoV-2 main protease. The amino acid 

residues were shown as stick model and H-bonds were shown as cyan lines. 

 

compared with the reference compound, with a binding energy of 

47.112 kcal/mol and docking score of −6.551 kcal/mol. We observed 

that all compounds form a hydrogen bond  with the  Glu166  residue 

as the binding of the reference ligand and other significant hydro- 

gen bonds with other residues at the active site as Glu166, Tyr190, 

Asn142, Gln192, and Phe140. The  compound  4e  is  the  most  sta- 

ble among the synthesized sulfamidophosphonates, which has the 

least binding energy −65.074 kcal/mol) and is the most favorable 

and good docking score (−6.388 kcal/mol), with the most valuable 

interaction inside the pocket. This compound formed 5 hydrogen 

bonds (Fig. 7): the first one between the doublet of  the  nitrogen 

atom of the sulfamide group and Glu166 residue, the second be- 

tween the doublet of the oxygen atom of the sulfamide group and 

Thr190 residue, the third between  the  same  doublet  of  the  oxy- 

gen atom of the sulfamide group and Gln192 residue, the fourth 

between the doublet of  the  oxygen  atom  of  the  hydroxyl  group 

and Phe140, and the last  between  Asn142  residue  and  the  dou- 

blet of the oxygen atom of the phosphonate group. Moreover, the 
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Table 9 

Analysis of binding interaction (hydrogen bond and hydrophobic interaction) of synthesized sulfamidophosphonates with the 

reference compound against SARS-CoV-2 main protease. 

Compound Residues involved in hydrogen bond Residues involved in hydrophobic interaction 

4a Glu166, Gly143 Met49, Met165, Leu27, Pro52, Cys145, Cys44, Pro168, Tyr54 

4b Glu166, Thr190, Gln192, Asn142 Met49, Met165, Leu27, Pro168, Cys145, Phe140, Leu167 

4c Glu166, Gly143, Asn142 Met49, Met165, Leu27, Cys145, Cys44 

4d Glu166, Gly143, Asn142 Met49, Tyr54, Pro52, Leu27, Cys145, Cys44 

4e Glu166, Tyr190, Asn142, Gln192, Phe140 Met49, Leu27, Cys145, Pro168 

4f Glu166, Asn142, Phe140 Met49, Met165, Cys145, Cys44 

4 g Glu166, Asn142, Gly143 Met49, Met165, Tyr54, Leu27, Cys145, Cys44 

 

latter developed hydrophobic interactions with Met49, Leu27, 

Cys145, and Pro168 residues (Table 9), which explains the high 

value of its glide score and binding energy. 

Also, compound 4b  show  significant  stability  in  the  active 

site with binding energy higher than the reference ligand, this 

compound formed an important hydrogen bond with the Glu166 

residue, as well as other hydrogen bonds with the Thr190, Gln192, 

and Asn142 residues (Fig. 6). Moreover, it developed hydrophobic 

interactions with Met49, Met165, Leu27, Pro168, Cys145, Phe140, 

and Leu167 residues (Table 9). 

Compounds 4c and 4d formed the same hydrogen bonds in- 
side the cavity  with  Glu166,  Gly143,  and  Asn142,  as  well  as  a 

π –π stacking interaction and a π –cation interaction with Hip41 

(Fig. 6), which explains the convergence of the glide score val- 

ues −5.408 and −5.523 kcal/mol, respectively. The 3c derivative 
thus developed five hydrophobic interactions with Met49, Met165, 
Leu27, Cys145, and Cys44, and the 4d six with Met49, Tyr54, Pro52, 
Leu27, Cys145, and Cys44 (Table 9). 

The last compound (4f) is the least stable compared to other 

compounds, its glide score is −4.802 kcal/mol and its binding en- 

ergy is −50.550 kcal/mol, it formed 3 hydrogen bonds with Glu166, 
Asn142, and Phe140, the hydrophobic interactions are formed with 

Met49, Met165, Cys145 and Cys44 (Fig. 7). 

Docking analysis revealed that all seven compounds interact 

satisfactorily with SARS-CoV-2 main protease and confirms the sig- 

nificant role of the donor and acceptor moieties such as phospho- 

nate and sulfamide groups. 

 
4. Conclusion 

 

A new series of  α-sulfamidophosphonates  derivatives  bear- 

ing sulfanilamide moiety were designed and synthesized. A one- 

pot synthetic strategy was developed via a three-component 

Kabachnik-Fields reaction starting from commercially available 

compounds. Docking analysis revealed that all seven compounds 

interact satisfactorily with the main protease of SARS-CoV-2 and 

thus confirm the significant role of donor and acceptor fragments 

such as phosphonate and sulfonamide groups. Moreover, higher 

docking scores and binding free energies were observed for the 

studied compounds compared to the ligand reference. 
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