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Abstract: The reaction of interaction of benzhydroxamic and 4-nitrobenzhydroxamic acids with suc-

cinyl chloride, carried out in an acetonitrile medium during boiling, has been studied. It was re-

vealed that the result of the reaction is the formation of N,N’-[succinylbis(oxy)]dibenzamides, the 

structure of which was proved by 1H, 13C NMR. Using the online program PASS, the biological 

activity of the obtained compounds was predicted. It was found that N,N’-[succinylbis(oxy)]diben-

zamides can inhibit Cathepsins (enzymes that degrade protein) with a high probability. Using the 

online program Mcule, molecular docking of the obtained dibenzamides and their analogs with 

Cathepsin S, Cathepsin K was carried out, and ligands with the highest affinity for the Cathepsin 

family were identified. Using the Hyperchem program, semiempirical methods were used to ana-

lyze the possibility of synthesizing suitable ligands. 
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1. Introduction 

Recently, the study of the chemistry of hydroxamic acids has become relevant, which 

is associated with their wide range of biological activity: antifungal, antibacterial, hypo-

tensive and hypocholesterolemic [1], in addition, there are data on antitumor activity [2]. 

In particular, suberoylanilide of hydroxamic acid, available under the trade name Vori-

nostat, has been used as a drug in the treatment of T-cell lymphoma [3] (Figure 1). 

 

Figure 1. Hydroxamic acid suberoylanilide (Vorinostat). 

Obtaining compounds of a similar structure, namely, containing in their structure a 

hydroxamic component, an aromatic ring and a saturated hydrocarbon radical can be a 

step towards the creation of new drugs. 

One of the possible ways to obtain linear structures is the interaction of hydroxamic 

acids with derivatives of carboxylic acids [4]. At the same time, the reactions of O-acyla-

tion of benzhydroxamic acids by derivatives of dicarboxylic acids remain poorly studied. 
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2. Results and Discussion 

We have studied the reaction of interaction of benzhydroxamic acids with succinyl 

chloride. It was found that during boiling in acetonitrile N,N’-[succinylbis(oxy)]diben-

zamides 6a,b are formed. 

Commercially available benzoic acids 1a,b were used as starting reagents for the syn-

thesis of 6a,b. The synthesis was carried out in three stages (Figure 2). 

 

Figure 2. Synthesis of N,N’-[succinylbis(oxy)]dibenzamides 6a,b. (i): SOCl2, DMF, 40°C, 3 h; (ii): 

NH2OH*HCl, Na2CO3, DEE, 0–5 °C; (iii): SOCl2, Py, 40°C, 4 h; (iiii): acetonitrile, ∆, 2h. 

The structure of the obtained N,N’-[succinylbis(oxy)]dibenzamides 6a,b was proved 

using 1H and 13C NMR spectroscopy (p. 3.1.4). 

Using the PASS online software package, the biological activity 6a,b was predicted. 

It was found that compounds 6a,b with a high probability are growth hormone agonists, 

have antitumor, antiepileptic, antiviral and other activities. In particular, for both com-

pounds 6a,b was predicted with different probabilities the property of inhibition of intra-

cellular proteases, Cathepsins, which, in our opinion, is of the greatest interest for further 

study. 

Proteases are enzymes that have the ability to break down proteins by hydrolysis of 

peptide bonds that covalently bind amino acids (proteolysis). Proteolysis is an irreversible 

process that is strictly regulated by the body when it functions properly. At the same time, 

the loss of regulation leads to destructive consequences for the cellular and tissue envi-

ronment, which leads to pathologies such as aberrant signal transmission, manipulation 

of cytokine expression, neoangiogenesis, tissue remodeling [5]. 

In order to search for the most active inhibitors of Cathepsin proteases, we studied 

the molecular docking of the obtained dibenzamides 6a,b and their analogs. The study 

was carried out in the online program Mcule, where Cathepsins S (2hxz) and K (1tu6) 

were selected as a receptor. 

It is known from recent scientific sources that improper regulation of Cathepsin S 

involves it in various pathological processes, including arthritis, cardiovascular and on-

cological diseases, where it is secreted and can affect extracellular substrates [6]. 
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Cathepsin K, in turn, exhibits the effect of bone resorption, which leads to osteopo-

rosis [7]. 

It was found that methyl-, fluoro- and chlorinesubstituted dibenzamides have a 

higher affinity for binding to Cathepsins (Table 1, Figure 3). It should be noted that all 

compounds, with the exception of 6g, have a higher affinity for Cathepsin K than for Ca-

thepsin S. 

Table 1. Affinity of substituted N,N’-[succinylbis(oxy)]dibenzamides with Cathepsins S and K. 

 
Сompounds 

Number. 
R1 R2 

Affinity with  

Cathepsin K 

Affinity with  

Cathepsin S 

6a -H -H −9,6 −8,3 

6b -NO2 -H −8,7 −7,6 

6c -H -NO2 −9,1 −7,8 

6d -Me -H −10,3 −8,6 

6e -H -Me −10,0 −8,5 

6f -F -H −10,0 −8,2 

6g -H -F −8,4 −8,7 

6h -Cl -H −9,6 −7,9 

6i -H -Сl −9,9 −8,3 

6j -Br -H −9,8 −8,3 

6k -H -Br −8,7 −7,7 

6l -I -H −9,7 −7,5 

6m -H -I −9,0 −8,1 

6n -CN -H −9,2 −8,0 

6o -H -CN −9,6 −8,2 

 

  
a b 
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Figure 3. Analysis in the Mcule program using the example of N,N’-(succinylbis(oxy))bis(3-

methylbenzamide) 6e. (a)-Cathepsin K; (b)-Cathepsin S. 

In order to carry out further synthesis of the most promising molecules, a semi-em-

pirical calculation of charges on oxygen and nitrogen atoms in the corresponding initial 

benzhydroxamic acids was performed. The calculation was performed using the Hyper-

Chem software package using the AM1 method (Table 2). 

According to the data obtained, methyl-substituted benzhydroxamic acids have a 

greater negative charge on the oxygen atom than on the nitrogen atom, so it can be as-

sumed that acylation will mainly proceed by the oxygen atom with the formation of target 

dibenzamides. In compounds where the halogen plays the role of a substituent, the great-

est negative charge is located on the nitrogen atom, which indicates the possibility of a 

side reaction of acylation by the nitrogen atom and, as a result, low yields of target diben-

zamides will be observed. 

Based on the above, it is more expedient to obtain methyl-substituted dibenzamides 

for further in vivo biological activity research. 

Table 2. Charges on oxygen and nitrogen atoms of benzohydroxamic acids. 

Сompounds 

Number 
R1 R2 

Charge on the  

Nitrogen Atom 

Charge on the  

Oxygen Atom 

6d -Me -H −0,187 −0,244 

6e -H -Me −0,191 −0,243 

6f -F -H −0,317 −0,171 

6g -H -F −0,315 −0,170 

6i -H -Сl −0,316 −0,171 

3. Experimental Part 

The NMR spectra of 1H, 13C solutions of compounds in DMSO-d6 were recorded on 

a Bruker Avance III spectrometer (400.13 MHz for 1H and 100.62 MHz for 13C) relative to 

TMS (1H, 13C) as an internal standard. Thin-layer chromatography to prove the identity of 

the compound and the completeness of the reaction was performed on plates of Silica gel 

60 F254 (Merck), eluent ethyl acetate, the manifestation of UV light. The melting point was 

determined by the capillary method and was not corrected. 

3.1. Synthesis 

3.1.1. General Procedure for the Synthesis of Benzoyl Chlorides 2a,b 

In a round-bottom flask with a volume of 250 mL, equipped with a reflux condenser, 

0.1 mol of benzoic acid 1а,b was placed, 0.3 mol of thionyl chloride and a drop of DMF 

were added. Excess thionyl chloride was distilled off in vacuo. Received beige crystals of 

benzoyl chlorides 2а,b with a yield of more than 90 %. 

3.1.2. General Procedure for the Synthesis of Benzhydroxamic Acids 3а,b 

In a flat-bottomed flask with a volume of 100 mL, 0.1 mol of sodium carbonate dis-

solved in water and 0.1 mol of hydroxylamine hydrochloride dissolved in 100 mL of di-

ethyl ether were mixed. Then, at a temperature of 0–5 °C, 0.1 mol of benzoyl chloride 2а,b 

in diethyl ether was added dropwise over 15 min and stirred for 30 min. Crystals 3а,b 

from white to pinkish color were obtained, filtered off, recrystallized from ethyl acetate, 

and dried. 

3.1.3. General Procedure for the Synthesis of Succinyl Chloride 5 

In a round-bottomed flask with a volume of 100 mL, equipped with a reverse refrig-

erator, 0.05 mol of succinic acid 4 and 0.25 mol of thionyl chloride were mixed, 2 drops of 
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pyridine were added and boiled for 3 h. Succinyl chloride was distilled under vacuum, 

previously distilling thionyl chloride. A light yellow solution was obtained. The yield is 

62.5 %. 

3.1.4. General Procedure for the Synthesis of N,N’-[succinylbis(oxy)]dibenzamides 6a,b 

In a round-bottomed flask with a volume of 100 mL, equipped with a reverse refrig-

erator, benzhydroxamic acid 3а,b of 2.5 mmol was placed and suspended in acetonitrile. 

2.5 mmol of succinyl chloride 5 was added to the suspension through a drip funnel and 

boiled for 2 h. The completeness of the reaction was recorded by TLC (ethyl acetate). 

N,N’-(succinylbis(oxy))dibenzamide 6а 

C18H16N2O6; Cream solid; Yield 73 %; mp. 130–132 °C. NMR 1H δ, ppm: 2.93 (s, 4H), 

7.54 (t, J = 7.8 Hz, 4H), 7.62 (t, J = 7.8 Hz, 2H), 7.84 (d, J = 7.2 Hz, 4H), 12.50 (s, 2H). NMR 
13C δ, ppm: 124.27, 129.54, 136.95, 150.05, 163.08, 170.05. 

N,N’-(succinylbis(oxy))bis(4-nitrobenzamide) 6b 

C18H14N4O10; Cream solid; Yield 60 %; mp. 242–244 °C. NMR 1H δ, ppm: 2.95 (s, 4H), 

8.10 (d, J = 8.8 Hz, 4H), 8.36 (d, J = 8.8 Hz, 4H), 13.10 (s, 2H). NMR 13C δ, ppm: 124.26, 

129.53, 136.94, 150.04, 163.07, 170.52. 

4. Conclusions 

As a result of the reaction of acylation of benzhydroxamic acids with succinyl chlo-

ride in acetonitrile medium, N,N’-[succinylbis(oxy)]dibenzamides were obtained. Their 

structure was proved by 1H and 13C NMR. Using the PASS program, information on the 

biological activity of new molecules was obtained, in particular, the property of inhibition 

of Cathepsin proteases was found. Using the Mcule program, the values of the affinity of 

the synthesized dibenzamides and their analogs with Cathepsins S and K were obtained. 

It was revealed that fluoro-, methyl-, and chlorine-substituted dibenzamides have the 

highest affinity for Cathepsins S and K. Using the HyperChem program, the possibility of 

obtaining the dibenzamides of interest was analyzed and a conclusion was made about 

the feasibility of obtaining methyl-substituted dibenzamides in order to further study the 

biological activity in vivo. 
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