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One-Pot Microwave-Assisted Synthesis, in Vitro Anti- 
inflammatory Evaluation and Computer-Aided Molecular 
Design of Novel Sulfamide-Containing Bisphosphonates 
Derivatives 

Aϊcha Amira,*[a, b] Hacène K’tir,[a, c] Zineb Aouf,[a] Taha Khaldi,[d] Houria Bentoumi,[a] 
Latifa Khattabi,[e] Rachida Zerrouki,[f] Malika Ibrahim-Ouali,[g] and Nour-Eddine Aouf[a] 

 
 

An eco-friendly and one-step microwave-assisted green syn- 

thesis of new functionalized bisphosphonates derivatives was 

described by a three-component reaction of aromatic sulfa- 

mide with triethyl orthoformate and diethyl phosphite. The 

synthesized compounds were characterized by 1H, 13C, 31P NMR 

and IR analysis. Some of these compounds were tested for 

in vitro anti-inflammatory activity and showed moderate inhib- 

ition compared to diclofenac as standard drug. Furthermore, to 

rationalize the observed biological data, several in silico 

approaches have been used to explain Structure-Activity 

Relationship study (SAR) based on DFT calculation, molecular 

docking, pharmacodynamic, pharmacokinetic and toxicity 

profiles of sulfamide-containing bisphosphonates derivatives as 

anti-inflammatory drugs. The results of the in vitro and in silico 

activities prove that the compound 4 b have the ideal structural 

requirements for further development of novel anti-inflamma- 

tory agents. 

 

Introduction 

More than a decade ago, the synthesis of Etidronate 

(Scheme 1), a bisphosphonate (BPs) analogue of endogenous 

pyrophosphate, was described by Menschutkin and later used 

as an additive to toothpaste and detergent.[1,2] In 1970, this 
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Scheme 1. Molecular structure of bisphosphonates 
derivatives. 

 
 

 
bisphosphonate parent compound became the first drug used 

in the treatment of Paget’s disease and osteoporosis.[3] 

Subsequently, other derivatives classified by generation accord- 

ing to their molecular structure appeared (Scheme 1): non- 

nitrogen bisphosphonates (1st generation), alkyl-nitrogen bi- 

sphosphonates (2nd generation) and heterocyclic nitrogenous 
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bisphosphonates (3th generation). These bisphosphonates have 

different mechanisms of action in their therapeutic efficacy 

as antiresorptive agents in the treatment of bone 

disorders,[4,5] such as osteoporosis,[6] hypocalcaemia,[7] 

multiple myeloma,[8] rheumatoid arthritis,[9] and bones 

metastases.[10] 

Nitrogen bisphosphonates or aminobisphosphonates (N- 

BPs), the most potent class, strongly inhibit bone resorption, 

and have a higher binding affinity than non-aminobisphospho- 

nates, due to electrostatic interactions such as hydrogen 

bonds 
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on the hydroxyapatite surface, the main mineral constituent of 

bone.[11] 

Furthermore, these compounds have gained considerable 

attention in the field of medicinal chemistry due to their role in 

many biological activities, including anti-inflammatory,[12] 

antioxidant,[13] antifungal,[14,15] antibacterial and antiviral,[16] 

anticancer,[17] antiparasitic,[18] herbicidal,[19] as well as chelating 

agents.[20,21] 

However, an additional bioactive functionalized moiety in 

the bisphosphonate molecule such as 1H-indazole, 1H- 

pyrazolo[3,4-b]pyridine and 1H-pyrazolo[3,4-b]quinolone,[22] 2- 

amino- benzothiazole,[23] nitrogen and sulfur,[24] 

sulfonylamino,[25] fluoro-substituted amine,[26] pyrazole,[27] 

acrylamide-derived monomer,[28] amino acid,[29] hyaluronic 

acid,[30] and ethylidene-pyridine bisphosphonate polyoxovana- 

dates complexes,[31] give new derivatives for this class of 

molecules and offer promising and remarkable biological and 

industrial applications. 

In this context, several protocols of the synthesis of 

nitrogenous bisphosphonates have been developed from 

carboxylic acids, amides, nitriles, isonitriles, ketophosphonates 

and the most commonly used procedure is the one-pot three- 

component condensation of amines with triethyl orthoformate 

and diethylphosphite.[32] 

This reaction is carried out in the presence of catalyst such 

as noble metal nanoparticles AgNps[33] and AuNps[34] ; also, 

sulfonic acid functionalized hyper-crosslinked polymer HCBP- 

SO3H
[35] and amberlyst-15[36] are used as a heterogeneous 

catalyst. Moreover, in the presence of CuO[37] and rGO-SO3H
[24] 

under microwave irradiation and solvent-free conditions. 

Generally, catalyst-free and solvent-free processes can be 

achieved using microwave irradiation.[38,39] 

In continuation of our field of study on the synthesis and 

biological evaluation of organo-phosphorus and -sulfur 

compounds,[40–43] we describe here a simplified three-compo- 

nent one-pot synthesis of sulfamide-containing bisphospho- 

nates derivatives under microwave irradiation. This method 

respects remarkable principles of green chemistry; atom 

economy, design for energy efficiency, safety and environment 

friendly without using any catalyst or solvent, thus reduce 

chemical waste and reaction time. 

Sulfamide is one of the most promising moieties present in 

many clinically useful drugs and has various biological 

activities.[44–48] (Scheme 2) 

Consequently, a simple method for synthesis of new hybrid 

molecules containing both bisphosphonate and sulfamide 

motifs would be very useful. 

In this work, we report a convenient one-pot reaction of 

sulfamide-containing bisphosphonates under microwave acti- 

vation, and four newly synthesized compounds were evaluated 

for their in vitro anti-inflammatory activity. The Structure- 

Activity Relationship study (SAR) based on DFT calculation were 

investigated to compare with in vitro anti-inflammatory results. 

Matrix MetalloProteinases (MMPs), extracellular proteinases 

family, is one of research therapeutics targets involved in tissue 

regeneration and thoroughly related to physiologic and 

physiopathological processes such as inflammation, angio- 

 

 
 

Scheme 2. Sulfamide derivatives as drugs and medicinal inhibitors. 

 
 

 
genesis, and metastasis in cancer.[49–52] One of the most potent 

inhibitors and downregulatory of this target is bisphosphonates 

derivatives.[53–55] In this respect, the molecular docking was 

realized to determine the most preferred binding mode and 

hence the mechanism of anti-inflammatory action might be 

streamlined. To estimate the pharmacokinetic/pharmacody- 

namics profile in humans of our synthesized compounds, oral 

bioavailability and absorption, distribution, metabolism and 

excretion (ADME) descriptors were performed. 

 

Results and discussion 

Chemistry 

Initially, sulfamides 1(a–f) were prepared from the correspond- 

ing amines according to the procedure reported previously by 

our group.[56] Herein, we synthesized a variety of sulfamides 

from various substituted anilines with electron donating and 

withdrawing groups. 

In the next step, the synthesis of bisphosphonates bearing 

sulfamide moiety derivatives were started. For this purpose, the 

reaction of sulfamide 1 a with triethyl orthoformate 2 and 

diethyl phosphite 3 under different conditions was examined 

as summarized in Table 1. 

At first, the reaction was conducted under solvent-free 

conditions at 150 °C for 24 h, the desired product was not 

formed (Table 1, entry 1). When EtOH was used as a solvent, 

also no reaction progress was observed (Table 1, entry 2). 

On the other hand, using catalysts such as amberlyst-15 

(20 mol%) and heteropolyanion (20 mol%) at room temper- 

ature did not give the desired result (Table 1, entries 3 and 4). 

Alternatively, our efforts have been led to use energy 

efficient process; we conducted the reaction under ultrasonic 

irradiation (Table 1, entry 5), only the imine, intermediate 

product, was formed. 

When using microwave activation under solvent-free con- 

ditions at different temperatures and powers, bisphosphonate 

formation was achieved after 10 min at 150 °C and power of 

500 W (Table 1, entry 6). 

In another experiment, an increase of the diethyl phosphite 

to 5 equivalents under similar conditions did not improve yield 

(Table 1, entry 7). 
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Table 1. Optimization of reaction conditions for the synthesis of compound (4 a).[a] 

Entry Solvent Method Catalyst (mol %) 3 

(eq) 

Temperature 

(C°) 

Time 

(h/min) 

Yield 

(%)[b] 

1 / Thermal heating / 3 150 24 h / 

2 EtOH Thermal heating / 3 80 24 h / 

3 / Agitation Amberlyst-15 (20) 3 r.t 24 h / 

4 / Agitation H6P2W18O62-14H2O (20) 3 r.t 24 h / 

5 / US (250 W) / 3 60 6 h / 

6 / MW (500 W) / 3 150 10 min 61 

7 / MW (500 W) / 5 150 10 min 60 

[a] Reaction conditions: Sulfamide 1a (1 mmol), triethyl orthoformate 2 (1 mmol) and diethyl phosphite 3 (number of equivalents). [b] Isolated yields of 4a. 

 

 
In this sense, others sulfamides of various anilines sub- 

stituted with electron-donating and -withdrawing groups at 

different positions gave the corresponding products in reason- 

able to good yields in 10 to 20 min. 

The substitutions on aniline derivatives had no significant 

effect on the reaction time and product yield (Scheme 3). 

The synthesized compounds were characterized by NMR 

(1H, 13C and 31P) and IR spectroscopies analysis. 

The IR spectra of the compounds showed the expected 

absorption bands in the ranges 3116–3413 cm—1, 1235– 

1245 cm—1 and 1012–1037 cm—1, which are attributed to 

the NH, P=O, and P O stretching vibrations respectively. 

In the 1HNMR spectra, the following signals of bisphospho- 

nate ester motif were detected. The doublet of triplets or 

multiplet at 4.45–4.60 ppm corresponds to P—CH—P proton. 

The multiplet in the range of 4.05–4.20 ppm is due to the four 

groups of methylene —O—CH2—. Two triplets in the region 

1.10– 

1.30 ppm reveals the presence of methyl protons —O—CH2—

CH3. In the C NMR spectra, the presence of a triplet in the 

48.0- 

50.3 ppm region with a typical coupling constant about 

145.4 Hz confirms the formation of the P—C—P bond to 

the carbon bonded to nitrogen. 

The 31P NMR spectra of the synthesized compounds show 

signal in the region 16–18 ppm. 

 

 

 

Scheme 3. Synthesis of sulfamide-containing bisphosphonates esters under MW. 
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In vitro anti-inflammatory activity 

 
Protein denaturation is a pathway by which proteins lose their 

structures as a result of altered hydrogen, hydrophobic, electro- 

static, and disulfide bonds. The majority of proteins lose their 

biological activities as a result of denaturation and cause the 

generation of autoantigens, leading to a series of autoimmune 

dysfunctions, such as inflammatory and rheumatoid disorders. 

Thus, drugs that inhibit protein denaturation are considered 

essential anti-inflammatory agents.[57] Several anti-inflammatory 

drugs have shown a dose dependent ability to inhibit heat- 

induced protein denaturation.[58] 

 

 

 
Figure 1. In vitro anti-inflammatory effect of the studied compounds 4(a–d). 

Data are presented as the mean standard deviation (n = 3) *** P < 0.001 
compared to diclofenac group. 

The in vitro anti-inflammatory effect of sulfamide containing 

bisphosphonates samples were evaluated by ovalbumin dena- 

turation and the results are shown in Figure 1. The results 

showed that 4 b has the ability to stop induced protein 

denaturation at a dose-dependent proportion, it gives the 

highest level of inhibition of 32.50 %, followed by 4 c and 4 d 

with a percentage inhibition of 29.95 % and 29.09 % respec- 

tively, followed by 4 a with 27.43 %. A 25 mg/mL dose of 

diclofenac (0.026 mM) has an anti-inflammatory action with 

56.46 % of inhibition. 

The bulk of our data suggest that the compounds were 

found to have anti-inflammatory effects and may be a starting 

point for the development of new compounds to counteract 

the deleterious effects of inflammatory diseases. 

 
 

Theoretical investigation 

Geometry optimization and global reactivity descriptors 

The optimized geometries of sulfamide-containing bisphospho- 

nates derivatives 4(a–d) have been obtained by Gaussian 09 at 

the B3LYP/6-31G (d,p) level in the gas phase, the optimized 

structure of the studied compounds are illustrated in Figure 2. 

The representation 3D of the frontier molecular orbital 

LUMO and HOMO calculated in the gas phase for the different 

bisphosphonates derivatives 4(a–d) are illustrated in Figure 3. 

The energy gaps of compounds 4 a, 4 b, 4 c and 4 d were 

computed to be 6.03, 5.89, 5.91 and 6.22 eV respectively. 

The energy gap in the decreasing order of study com- 

pounds is found to be 4 d > 4 a > 4 c > 4 b. 

 

 

 
 

Figure 2. The optimized structure of the studied compounds 4(a–d). 



Research Article 
doi.org/10.1002/slct.202201889 ChemistrySelect 

ChemistrySelect 2022, 7, e202201889 (6 of 13) © 2022 Wiley-VCH GmbH 

 

 

� � 

 
 

 

Figure 3. 3D representation of HOMO, LUMO and their energy gap (ΔE gap) of the studied molecules 4(a–d). 

 
 

 
The electronic properties HOMO-LUMO energies, the total 

value of the dipole moment, the linear polarizability αToT 

(Bhor3) were calculated basing on the optimized structure in 

the gas phase at the B3LYP/6-31G (d,p) level. The reactivity 

indices were proposed by Parr and Yang since the 1981, the 

aim of which is to provide a precise theoretical framework to 

often ill-defined concepts characterizing chemical 

reactivity,[59,60] such as chemical potential (μ), electronegativity 

(X), ionization potential (I), electronic affinity (A), hardness (η), 

softness (S), electrophilicity (ω) and nucleophilicity (N). This 

model has been judged the most successful and still seems the 

most promising.[61] The results are summarized in Table 2. 

The highest value of the energy gap (6.22 eV) and the 

lowest values of linear polarizability (252.58 Bhor3) investigated 

is for compound 4 d, while the lowest value of gap (5.89 eV) is 

for compound 4 b with linear polarizability value (253.57 Bhor3). 

Therefore, 4 b is less stable and more reactive. 

According to the other results, compounds 4 b and 4 d are 

highly active molecules, because of their higher values of the 

ionization energy respectively (I= 6.43, 6.55 eV) and small 

 

values of affinity (A = 0.54, 0.33 eV). Therefore, it can be seen 

that these results are in agreement with anti-inflammatory 

activity. The highest value of chemical hardness of 4 b (-

3.485 eV), describing the molecule as donor electrons. 

Based on the classification of organic molecules in the 

literature, the studied synthesized bisphosphonates 4(a–d) are 

classified as strong electrophiles with ω> 1.5 eV; 4 b and 4 d as 

moderate nucleophiles with 2.0 N 3.0 eV and 4 a and 4 c as 

strong nucleophiles with N> 3.0.[62] 
Additionally, Molecular Electrostatic Potential (MEP) surface 

analysis, that illustrates the charge distributions of molecules 

three dimensionally as shown in Figure 4, is used to estimate 

the chemical reactivity of molecules. In the studied compounds, 

the positive regions represented by blue color are related to 

nucleophilic reactivity and showed in the amino groups; the 

negative regions represented by red and yellow colors are 

related to electrophilic reactivity and showed in the sulfonyl 

and phosphite groups. 

 
 

Table 2. Calculated values of the global reactivity descriptors for synthesized bisphosphonates 4(a–d) studied by B3LYP/6-31G (d, p) level in the gas phase. 

Gas phase 

Molecule 

 
E (u.a) 

 
μ total (D) 

 
αToT (Bhor3) 

 
I 

 
A 

 

μ 

 
X 

 

η 

 
S 

 

Ω 

 
N 

4 a —2380.75 3.38 266.86 6.21 0.18 —3.195 3.195 3.015 0.165 1.692 3.158 

4 b —2479.97 3.21 253.57 6.43 0.54 —3.485 3.485 2.945 0.169 2.062 2.938 

4 c —2479.98 4.60 253.50 6.31 0.40 —3.355 3.335 2.955 0.169 1.904 3.058 

4 d —2495.27 4.23 252.58 6.55 0.33 —3.440 3.440 3.110 0.160 1.902 2.818 
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Figure 4. MEP formed by mapping of total density over electrostatic potential in gas phase for the synthesized compounds 4(a–d). 

 
 

 
Binding affinities, amino acids interaction of the ligands into 

MMP-8 active site 

The docking results of compounds 4(a-d) for a potential 

inhibition of MMP-8 are listed in Table 3. 

After checking the results there is a correlation between the 

in silico study with MMP-8 and the experimental activity of the 

bisphosphonates. Noting the most potent inhibition observed 

is for 4 b corresponding to the higher scoring value. For the 

others dockings, 4 d showed the less Scoring value, but 

nevertheless, its inhibition activity is higher comparable to 4 a. 

Following that, we considered additional energy interactions 

aspects in the docking computation. A schematic illustration of 

the interactions of the ligands in MMP-8 with bisphosphonates 

previously synthesized is shown in Figure 5. As indicated in the 

literature,[63,64] bisphosphonates could bind the Zn2+ ion in a 

monodentate fashion through the oxygen atom double 

bonded to the phosphorus atom (P=O) of one of the 
phosphonates moieties. Only for 4(c–d), zinc chelation was 

observed through the oxygen atom double bonded to the 

sulfure atom (S=O) of the sulfamide group. In all cases, for the 
zinc ion, a distorted tetrahedral coordination geometry was 

detected. It’s caused by chelation with residues His 197, His201 

and His 207. Moreover, various protein-ligand interactions 

 
 

Table 3. Docking results of compounds 4(a-d) for a potential inhibition of MMP-8. 

 S (Kcal/ 

mol) 

Hydrogen 

bonds 

Hydrophobic interactions Metallic 

interactions 

Ionic 

interactions 

H-π 

interactions 

π-π 

interactions 

A —10.6548 Gly 155 Arg 222, Tyr 216, Asn 218, Pro 217, Ala 261, Leu 160, Ile Zn 304, His197, His201, Tyr 219, Ala Tyr 219 
   159, Leu 193, Val 194, Leu 214, Glu 198 His201, His207 . His207. 220. 

4 a —9.3675 Ile 159, Leu Tyr 216, Asn 218, Pro 217, Ala 161, Leu 214, Leu 193, Val Zn 304, His 197, His 201, His Tyr 219 His 197 
  160. 194, Glu 198. His 201, His 207. 207.  

4 b —10.9786 Pro 217, Ile Leu 193, Leu 214, Val 194, Tyr 217, Glu 198, Arg 222, Ala Zn 304, Zn 304, His 201, His Tyr 219 His 197 
  159, Leu160 220, Ala 161, Asn 218, Gly 156, His 162 His 197, His 201, 207.  

    His 207.   

4 c —9.1361 Glu 198, Ala Ile 159, Ser 151, His 162, Phe 164, Val 194, Pro217, Leu Zn 304, His 197, His 201, His / / 
  163 160, Asn 218. His 201, His 207. 207.  

4 d —7.3065 Glu 198 Asn 218, Pro 217, Ala 161, Leu 160, Glu 158, His 162, Ile Zn 304, His 197, His 201, His Leu 160 / 

   158. His 201, His 207. 207.  

Foot note: A: co-crystalized Ligand. 
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Figure 5. 3D and 2D schematic representations of the MMP-8 catalytic site. Interaction between bisphosphonates ligands 4(a–d) and MMP-8. 

 
 

formed, as well as hydrophobic, aromatic, ionic, and hydrogen 

bonds. The 4 b compound binds to the MMP-8 through three 

hydrogens bonds with Ile 159, Leu 160 and Pro 217 residues 

comparable with 4 a and 4 c. Also, the compound 4 b showed 

additional interactions as hydrogens bonds, hydrophobic, ionic, 

H-π and π-π interactions. These results confirm that the 

compound 4 b can be considered as potential inhibitor of MMP-

8. 

 
Ligand based druglikeness and ADME/toxicity 

This analysis is achieved to simplify the development of new 

drug compounds. To be approved the molecules must comply 

with the following Lipinski rules: molecular weight: � 500, 

number of hydrogen bond donors: � 5, number of hydrogen 

bond acceptors: � 10, lipophilicity (expressed in Log P): � 5 and 

molar refractivity from 40 to 130. The results of this study are 
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shown in Table 4. The co-crystalized ligand has a molecular 

weight � 500 g/mol, so it doesn’t obey Lipinski’s first rule. 4(a– 

d) and Diclofenac have respectively the following molecular 

weights: (458.40, 476.39, 476.39, 492.85, 196.15) g/mol, they 

have all a molecular weight � 500. These molecules have the 

following Topological Polar Surface Area (TPSA) values (49.33, 

157.23, 157.26, 157.26, 157.26) (Å)2 respectively, the lowest 

TPSA always give good results. By comparing the lipophilicity 

(Log P) values of molecules, we find, they all show very good 

results � 5 and can be easily absorbed in body. However, 

Diclofenac and molecules 4(a–d) have NHBA values of (2, 9, 10, 

10, 9) and NHBD (2) for all, also molar refractivity (77.55, 107.64, 

107.59, 107.59, 112.65). So, we can observe that compounds 

4(a–d) are appropriate by the five Lipinski rules. As conclusion, 

these results approve those compounds 4(a–d) can be 

considered as potential successful drugs. 

As shown in Figure 6, the graph of bioavailability radar 

signifies an initial scan at the drug-likeness of the sulfamide- 

containing bisphosphonates derivatives synthesized, the pink 

regions represent the optimum range of the following six 

properties: lipophilicity, size, polarity, solubility, saturation and 

flexibility. The test revealed that all compounds are slightly 

outside the pink area on side of polarity due to the presence of 

extra polar atoms, the compounds also show inconformity on 

the flexibility side. The compounds showed good solubility and 

saturation properties. 

Moreover, the ADMET analysis were predicted and summar- 

ized in Table 5.Table S6 In absorption part, Humain intestinal 

Absorption (HIA) proved that the diclofenac and 4(a–d) are 

easily absorbed in intestine. The inhibition of Pgp-glycolprotein 

ease the transport of many drugs, compared our results of Pgp- 

glycolprotein, we observed that the 4(a–d) are easily absorbed 

in cell. In the distribution part, the Blood-Brain-Barrier BBB 

protects the brain from exogenous compounds. The BBB 

permeability is one of the highly important pharmacological 

parameters which is necessary to help reduce side effects and 

toxicity or to improve the efficacy of drugs. Based on this 

analysis, we observed that all compounds (4 a–d) give a high 

capacity to cross into the brain. Furthermore, the result of 

metabolism part proved that the 4(a–d) are potential inhibitor 

 
 

Table 4. Druglikeness results of compounds 4(a–d) for a potential inhibition of MMP-8. 

Drug likeness properties Co-crystalized ligand Diclofenac 4 a 4 b 4 c 4 d 

Molecular weight (g/mol) 527.58 196.15 458.40 476.39 476.39 492.85 

Consensus Log P (o/w) —0.42 3.66 1.67 2.07 2.07 2.20 

Log S —1.17 —4.65 —2.46 —2.61 —2.61 —3.04 

NHBA 9 2 9 10 10 9 

NHBD 5 2 2 2 2 2 

Molar refractivity 89.75 77.55 107.64 107.59 107.59 112.65 

Bioavailability Score 0.11 0.85 0.55 0.55 0.55 0.55 

Synthetic accessibility (SA) 5.44 2.23 4.71 4.71 4.71 4.59 

TPSA (Å)2 189.23 49.33 157.23 157.26 157.26 157.26 

N° of rotatable bonds 6 4 14 14 14 14 

 
 

 

Figure 6. Radar related to physicochemical properties of molecules 4(a–d). 
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Table 5. The ADME/T test result of ligands (various pharmacokinetic and pharmacodynamic properties). 

Class Properties Co-crystalized ligand Diclofenac 4 a 4 b 4 c 4 d 

Absorption Caco-2 permeability —0.625 1.379 —0.479 —0.531 —0.38 —0.624 

 Pgp-inhibitor YES NO NO NO NO NO 
 Pgp-substrate YES YES YES YES YES YES 
 Humain intestinal Absorption (HIA) 94.964 91.923 81.863 82.373 82.34 82.56 

Distribution BBB (blood-Brain Barrier) —1.972 0.236 —2.1 —2.253 —2.279 —2.347 

Metabolism CYP1A2 inhibitor NO NO YES YES YES YES 
 CYP2C19 inhibitor YES NO YES YES YES YES 
 CYP2C9 inhibitior YES NO YES YES YES YES 
 CYP2D6 inhibitior YES NO NO NO NO NO 
 CYP3A4 inhibitior NO NO NO NO NO NO 

Toxicity hERG (hERG Blockers) NO NO NO NO NO NO 
 AMES Toxicity NO NO NO NO NO NO 

 Acute oral toxicity 2.212 2.405 2.226 2.026 2.213 3.225 

 
 

of P450 1 A2, P450 2 C19 and P450 2 C9. In the toxicity part, we 

confirmed that the compounds 4(a–d) present negative test. 

The ADMET analysis proves that the synthesized compounds 

have acceptable properties as demanded for potential drugs. 

In addition, the compounds 4(a–d) were tested in-silico for 

their molecular target studies. The results of the prediction are 

shown in Figure 7. The possible target sites may bind to are 

mostly the protease targets. 

 
Conclusion 

In the present work, a simple and green one-pot protocol was 

successfully developed for the synthesis of novel sulfamide- 

containing bisphosphonates derivatives from the reaction of 

variously substituted aromatic sulfamides, diethyl phosphite, 

and triethyl orthoformate under microwave irradiation and 

solvent-free conditions. Four of the title compounds were 

evaluated for; anti-inflammatory activity by inhibition of protein 

denaturation method, DFT and ADME/T studies and they were 

docked against inhibitor MMP-8. The investigation showed 

remarkable in vitro and in slico activities, mainly the compound 

4 b has the highest anti-inflammatory activity, the lowest gap 

energy and good affinity to the metal (Zn2+) nearest binding 
site, which can be attributed to the presence of fluoro 

substituent at the para position. The synthesized target 

compounds could be used as a lead for new anti-inflammatory 

agents. 

 

 

 
Figure 7. Molecular targets prediction for compound 4 b. 

Experimental section 

Chemistry 

General information 

Chemical reagents were purchased from Fluka, Aldrich and Merck 

companies and were used without further purification. Progress of 

the reaction was followed by thin layer chromatography (TLC) 

using silica gel Merck 60 F254 (Art.5554). Column chromatography 

was performed using Merck 60 H (Art.9285). IR spectra were 

determined with a Perkin-Elmer Spectrum one FT-IR. 1H NMR and 
13C NMR spectra were recorded on a Bruker Avance III or JEOL 

spectrometer at 400 MHz and 100 MHz respectively, with TMS as an 

internal standard in CDCl3 or DMSO-d6. 
31P NMR spectra were 

recorded on a Bruker Avance III spectrometer and were referenced 

to the external H3PO4 at 162 MHz. Standard abbreviations indicat- 

ing multiplicity were as follows: s = singlet, d= doublet, dd = 

doublet of doublets, t = triplet, dt =doublet of triplets, q= quad- 

ruplet and m =multiplet. 

 

General procedure for the preparation of bisphosphonates 

A mixture of appropriate Sulfamide 1 (1 mmol), triethyl orthofor- 

mate 2 (1.1 mmol) and diethyl phosphite 3 (3 mmol) was activated 

under microwave irradiation at 150 °C and 500 W for 10–20 min 

(reaction progress was followed by TLC monitoring every 2 mi- 

nutes). 

After the completion of the reaction, the reaction mixture was 

cooled to room temperature and purified by column chromatog- 

raphy using DCM/ MeOH gradient (100/0 % to 96/4 %). 

 

Tetraethyl(((N-phenylsulfamoyl)amino)methylene) 

bis(phosphonate) 4 a 

MF: C15H28N2O8P2S, MW: 458.40, yellow oil, Rf: 0.77 (DCM/MeOH: 

90/10), 162 mg, yield: 61 %. IR (υ) 2 NH (3413 cm—1), =C H (2928- 
2985 cm—1), C=C (1603 cm—1), P=O (1245 cm—1), P O (1031 cm—1), 

SO2 (1165 and 1393 cm—1). 1HNMR (400 MHz, DMSO) δ 1.13 (t, J= 

7.0 Hz, 6H, 2 CH3), 1.19 (t, J=7.0 Hz, 6H, 2 CH3), 3.97–4.06 (m, 8H, 

4 CH2), 4.51 (dt, JHP=24.0 Hz, J = 12.0 Hz, 1H, CH), 5.97 (d, J= 

10.7 Hz, 1H, NH), 6.59 (t, J=8.0 Hz, 1HAr), 6.87 (d, J=8.0 Hz, 2HAr), 7.07 

(t, J=8.0 Hz, 2HAr) ppm. 13C NMR (100 MHz, DMSO) δ 16.4 (d, JCP = 

6 Hz, 4�CH3), 48.8 (t, JCP = 145.4 Hz, P—C—P), 62.3-63.5 (m, 4�OCH2), 
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113.5 (3C, 5C), 117.4 (4C), 129.0 (2C, 6C), 147.5 (1C). 31P NMR (162 MHz, 

DMSO): δ 18.43 ppm. 

 

tetraethyl (((N-(4-fluorophenyl)sulfamoyl)amino)methylene) 

bis(phosphonate) 4 b 

MF: C15H27FN2O8P2S, MW: 476.39, yellow oil, Rf: 0.78 (DCM/MeOH: 

tetraethyl(((N-(2-methoxyphenyl)sulfamoyl)amino) 

methylene)bis(phosphonate) 4 f 

MF: C16H30N2O9P2S, MW: 488.43, yellow oil, Rf: 0.78 (DCM/MeOH: 

90/10), 120 mg, yield: 50 %. IR (υ) 2 NH (3116 cm—1), = C H 

(2984 cm—1), C=C (1599 cm—1), P=O (1244 cm—1), P O (1025 cm—1), 

SO2 (1159 and 1347 cm—1). 1HNMR (400 MHz, DMSO) δ 1.13 (t, J= 

8.0 Hz, 6H, 2�CH3), 1.19 (t, J=8.0 Hz, 6H, 2�CH3), 3.75 (s, 3H, OCH3), 
90/10), 163 mg, yield: 65 %. IR (υ) 2�NH (3289 cm—1), =C—H (2871- 3.99-4.13 (m, 8H, 4�CH2), 4.55 (dt, J  

HP= 20.0 Hz, J =8.0 Hz, 1H, CH), 

3074 cm—1), C=C (1597 cm—1), P=O (1236 cm—1), P—O (1012 cm—

1), 

6.01 (d, J=10.7 Hz, 1H, NH), 6.64 (t, J = 8.0 Hz, 1HAr), 7.85–7.08 (m, 

SO2 (1150 and 1340 cm—1). 

1H NMR (400 MHz, DMSO) δ 1.13 (t, J=7.0 Hz, 6H, 2�CH3), 1.19 (t, J= 

3HAr) ppm. 13C NMR (100 MHz, DMSO) δ  16.1 (d, JCP = 3 Hz, 4�CH3), 

48.0 (t, JCP = 146.4 Hz, P—C—P), 55.7 (OCH3), 62.5 (t, JCP = 3 Hz, 2 
   

7.0 Hz, 6H, 2�CH3), 4.01-4.09 (m, 8H, 4�CH2), 4.54 (dt, JHP=22.8 Hz, �OCH2), 62.8 (t, JC—P = 3 Hz, 2�OCH2), 113.4 ( C), 122.5 ( C, C), 128.8 

J=10.6 Hz, 1H, CH), 5.97 (d, J=10.7 Hz, 1H, NH), 6.92 (d, J=8.9 Hz, (5C), 129.1 (1C), 147.9 (t, JPC = 3 Hz, 2C) ppm. 

2HAr), 7.08 (d, J=8.8 Hz, 2HAr) ppm. 13C NMR (100 MHz, DMSO) δ 16.6 

(d, JCP = 3 Hz, 4�CH3), 50.3 (t, JCP = 145.4 Hz, P—C—P), 62.9 (t, JCP = 
3 Hz, 2 OCH2), 63.1 (t, JC—P = 3 Hz, 2 OCH2), 115.0 (3C, 5C), 120.6 

(4C), 128.7 (2C, 6C), 146.6 (t, JPC = 5 Hz, 1C). 31PNMR (162 MHz, DMSO): 
δ 17.78 ppm. 

 

tetraethyl (((N-(3-fluorophenyl)sulfamoyl)amino)methylene) 

bis(phosphonate) 4 c 

 
In vitro anti-inflammatory activity 

In vitro anti-inflammatory activity was evaluated by the method of 

Karthik et al.[65] with slight changes. Briefly, 100 μL of 0.033 mM 

dose of 4 a, 4 b, 4 c and 4 d or 0.026 mM of diclofenac were added 

to 1 mL of solution of 0.2 % ovalbumin prepared in Tris-HCl (pH : 

6.6), the solutions are kept for 15 min at (37 °C) in the incubator. 

After that, they are maintained in a water bath for five minutes at 

MF: C H FN O P S, MW: 476.39, yellow oil, R : 0.78 (DCM/MeOH: (72 °C). Then the cooling turbidity was determined at 660 nm using 
15  27 2   8  2 

f UV-visible spectrophotometer. For each molecule of sulfamide- 
90/10), 137 mg, yield: 55 %. IR (υ) 2 NH (3297 cm—1), =C H (2931- 

3126 cm—1), C=C (1603 cm—1), P=O (1242 cm—1), P O (1037 cm—1), 

SO2 (1165 and 1369 cm—1). 1H NMR (400 MHz, CDCl3) δ 1.24 (t, J = 

6.9 Hz, 6H, 2 CH3), 1.29 (t, J=6.9 Hz, 6H, 2 CH3), 4.07–4.29 (m, 9H, 
4 CH2, CH), 6.36-6.46 (m, 3HAr), 7.09-7.11 (m, 1HAr) ppm. 13C NMR 

(100 MHz, CDCl3) δ 16.4 (4 CH3), 50.3 (t, P C P, JCP = 146.4 Hz), 
63.7 (d, 4 OCH2, JCP = 36.7 Hz), 100.8 (4C), 105.3 (d, 2C, JCF = 36.7 Hz), 
109.5 (6C), 130.5 (5C), 148.1 (1C), 162.7 (d, 3C, JCF = 242.4 Hz) ppm. 

containing bisphosphonate, a white was prepared in 1 ml extract 

and 1 ml Tris-HCl. 

The percentage inhibition of protein denaturation represents the 

percentage of anti-inflammatory activity, which was calculated 

using the following formula: 

 
% inhibition of denaturation 

 

tetraethyl(((N-(4-chlorophenyl)sulfamoyl)amino)methylene) 

bis(phosphonate) 4 d 

MF: C15H27ClN2O8P2S, MW: 492.84, yellow oil, Rf: 0.78 (DCM/MeOH: 

90/10), 128 mg, yield: 54 %. IR (υ) 2�NH (3118 cm—1), =C—H 

(2984 cm—1), C=C (1599 cm—1), P=O (1244 cm—1), P—O (1025 cm—

1), 

 

100 

¼ 

absorption of the diclofenac— 
�  

absorption of the test sample 

absorption of the diclofenac 

SO2 (1159 and 1347 cm—1). 1HNMR (400 MHz, DMSO) δ 1.13 (t, J= 

8.0 Hz, 6H, 2 CH3), 1.19 (t, J=8.0 Hz, 6H, 2 CH3), 3.97–4.11 (m, 8H, 

4 CH2), 4.53 (dt, JHP=20.0 Hz, J=8.0 Hz, 1H, CH), 6.01 (d, J=10.7 Hz, 

1H, NH), 6.77 (d, J=8.0 Hz, 2HAr), 7.34 (d, J=8.0 Hz, 2HAr) ppm. 
13C NMR (100 MHz, DMSO) δ 16.1 (d, JCP = 3 Hz, 4�CH3), 48.0 (t, JCP = 

145.4 Hz, P—C—P), 62.3 (t, JCP = 3 Hz, 2�OCH2), 62.6 (t, JC—P = 3 Hz, 

2 
�OCH ), 115.6 ( C, C), 128.4 ( C), 136.7 ( C, C), 146.9 (t, J = 3 Hz, 

Computational details 

Computational techniques such as the density functional theory 

(DFT), ADMET evaluation, and molecular docking were performed 

to the previously synthesized molecules  4 a, 4 b, 4 c and  4 d for 

explaining the reactivity and selectivity of various types of organic 
reaction,[66] and to elucidate the chemical nature, drug likeness and 

2 
1C) ppm. 

PC 

anti-inflammatory activity of molecules,[67] also predicts drug- 
receptor interactions that hold a protein and a ligand together in a 

bound state.[68] 

tetraethyl  (((N-(4-iodophenyl)sulfamoyl)amino)methylene) 

bis(phosphonate) 4 e 

MF: C15H27IN2O8P2S, MW: 584.30, brown oil, Rf: 0.78 (DCM/MeOH: 

90/10), 113 mg, yield: 58 %. IR (υ) 2 NH (3286 cm—1), =C H (2916- 
3081 cm—1), C=C (1599 cm—1), P=O (1235 cm—1), P O (1022 cm—

1), 

SO2 (1154 and 1343 cm—1). 1HNMR (400 MHz, DMSO) δ 1.13 (t, J= 
7.0 Hz, 6H, 2�CH3), 1.19 (t, J=7.0 Hz, 6H, 2�CH3), 3.97-4.11 (m, 8H, 

 
Ligand preparation 

The 3D chemical structures of the synthesized molecules were 

transferred as MDL Mol file from Chemdraw 3D software (Chem- 

Draw, 2019) to gaussian 09 software (Gaussian 09). First, the 

structures were pre-optimized with semi-empirical AM1 method 

4�CH2), 4.55 (dt, J  
HP= 20.0 Hz, J= 12.0 Hz, 1H, CH), 5.98 (d, J= 10.7 Hz, using gaussian 09 software.[69] Then they were optimized using 

1H, NH), 6.92 (d, J=8.0 Hz, 2HAr), 7.07 (d, J=8.0 Hz, 2HAr) ppm. 
13C NMR (100 MHz, DMSO) δ 16.1 (d, JCP = 3 Hz, 4�CH3), 48.2 (t, JCP = 

145.4 Hz, P C P), 62.3 (t, JCP = 3 Hz, 2 OCH2), 62.5 (t, JC—P = 3 Hz, 2 

OCH2), 114.4 ( C, C), 120.0 ( C), 128.1 ( C, C), 146.0 (t, JPC = 3 Hz, 
1C) ppm. 

6 4 3 
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density functional theory DFT method by employing the B3LYP/6– 

31G (d,p) basis set to obtain the most stable conformation,[70–71] 

which was also used to calculate the global reactivity descriptors. 

Molecular electrostatic potential (MEP) maps of the optimized 

structure were calculated and generated with Gauss view 

5 
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Keywords: Anti-inflammatory Activity · Bisphosphonate · DFT 

study · Microwave-assisted synthesis · Molecular Docking 

 

software. The optimized structures were combined in one database 

on MOE 2015 software (Molecular Operating Environment) in order 

to study the affinity of the ligands. 

 

Protein preparation 

The crystal structure of Matrix MetalloProteinase (MMP-8) at a 

resolution of 1.20 Å, was retrieved from Protein databank (http:// 

www.rcsb.org) with their PDB identification code (PDB ID: 4QKZ).[72] 

(Table 6) A resolution between 1.5 and 2.5 Å is considered as a 

good quality for docking studies.[73] The sequence of the protein 

was edited by removing co-factors using default parameters 

included in MOE software. The water molecules ware inserted in 

the active site of the target enzyme for their important role to 

ensure making hydrogen bonds between the ligand and the 

target.[74] After that, the protein structure was prepared by 

correcting the missing bonds, which were broken in X-Ray 

diffraction, and then the hydrogen atoms were added. The active 

site was searched using the site finder tool. 

 

Molecular docking 

Virtual screening calculations were carried out using standard 

default parameters settings in the MOE Software package (molec- 

ular operating environment MOE, 2015). First, the co-crystallized 

ligand is docked into the binding site pocket of MMP-8. Then the 

compounds-ligands 4(a–d) were oriented in flexible conformation 

for docking when protein was kept in a rigid conformation. The 

best conformations of the ligand were analyzed for their binding 

interactions and were evaluated by binding free energies (S-score, 

Kcal/mol), and bonds interactions between ligand atoms and active 

site residues. It is known that the best energy score should be less 

or equal to 7 Kcal/mol.[75] Thus, targets showing the higher 

binding energy of docking score were considered as the worst 

molecules in inhibiting the target receptor, as the higher binding 

energy corresponds to lower binding affinity.[75] This value is often 

used as criterion to validate the results of the molecular docking. 

 
 
 
 
 

 
Table 6. Details related to Matrix MetalloMroteinase (MMP-8). 

 MMP-8 3D Structure of MMP-8 

Code 4QKZ  

Method X-ray diffraction  

Resolution 1.20 Å  

R-value 0.194  

Residues number 163  

 
 

 
Co-crystallized ligand 

  

Global reactivity descriptors 

Nowadays, calculation-based methods have become very popular 

for studying the Structure-Activity Relationships (SAR) of com- 

pounds. Density Functional Theory (DFT) is one of the most widely 

used chemical property calculation methods in theoretical 

chemistry, as it allows dealing with the correlation of systems 

comprising a large number of electrons, almost at the cost of a 

Hartree-Fock calculation.[76] 

Herein, a theoretical research has investigated by employing 

density functional theory (DFT) at the B3LYP level with the 6-31G 

(d,p) basis set. Further, various parameters, geometry optimization 

and reactivity indices analysis are computationally calculated. 

 

Ligand based druglikeness, ADME/toxicity 

Many potential therapeutic agents fail to reach the clinical trials for 

their unfavorable ADME parameters. To estimate likelihood of our 

synthesized products to pass the clinic trials, we calculate in-silico 

the Lipinski’s rule of five,[77] Veber’s rule,[78] Egan’s rule,[79] and Polar 

surface area (TPSA), number of rotatable, the ADME/Toxicity 

(pharmacological and pharmacodynamic) properties using Swis- 

sADME properties calculation online, PASS-Way2Drug server, 

pKCSM server and Swiss target prediction. 

 
Supporting Information Summary 

The IR and 1H, 13C, 31P NMR spectra of the synthesized 

compounds are availaible in the supporting information. 
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