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Abstract: Using platform of a new type of chiral Ni(II) complex of glycine Schiff base we designed addition-cyclization reaction cascade 
to explore aspects of kinetic/thermodynamic formation of the corresponding (S)(2S,3S)/(S)(2S,3R) diastereomers. It was found that the 
final lactone products reflect the thermodynamic stereocontrol due to much greater rates of the reversible aldol addition vs. subsequent 
cyclization step. The observed 4/1 (S)(2S,3S)/(S)(2S,3R) diastereoselectivity in the reactions of new type of (S)-Ni(II) complexes constitute 
an improvement over the previously reported 1.7/1 ratio. 

Keywords: asymmetric synthesis; aldol additions; tailor-made amino acids; Ni(II) complexes; Schiff bases; cascade/domino/tandem 
reaction.

 
 
Introduction  

Tailor-made amino acids (AAs) [1] are in high demand 
in modern pharmaceutical industry. Along with fluorine [2], 
AAs’ residues can be found in a growing number of 
marketed drugs and medicinal formulations [3]. The 
growing acceptance of peptides and modified peptides as 
drugs [4], strongly suggest that the pivotal role of tailor-
made AAs in the design of pharmaceuticals will continue to 
increase [5]. Asymmetric synthesis of AAs is a mature 
science offering a plethora of various approaches [6]. Over 
the last decade, preparation of tailor-made AAs via Ni(II) 
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complex intermediates (Scheme 1) has emerged as the most 
frequently used, methodologically dominant approach [7-8].  

In this approach, chiral tridentate ligands 1 can  
be directly used in the reactions with racemic α- and  
β-AAs offering highly efficient deracemization, as well as 
(S)-to-(R) interconversion protocols [9-10]. In a more 
general version, chiral ligands 1 are transformed to Ni(II) 
complexes of glycine Schiff bases 2 by the reaction with 
glycine and source of Ni(II) ions. Compounds 2 are widely 
used as chiral nucleophilic glycine equivalents in the alkyl 
halide alkylations [11], Michael [12], Mannich [13], aldol 
[14] addition reactions, as well as various multi-step 
transformations [15]. Products 3 can be conveniently 
disassembled to release target AAs 4 along with the 
recovery and reuse of chiral ligands 1. The overall process 
is economically and operationally attractive for large-scale 
asymmetric synthesis of tailor-made AAs [16]. Among the 
above-mentioned major pathways for homologation of the 
glycine moiety in complexes 2, aldol addition, due to its 
inherent reversibility, is the most challenging approach 
(Scheme 2) [7b]. In this methodological work, using a new 
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type of chiral ligands, we designed an aldol-cyclization 
reaction cascade in attempt to investigate the effect of the 
formation of irreversible final products on the overall 
stereochemical outcome of this reaction sequence. The 
results reported here expand our knowledge of Ni(II) 
complexes aldol reactivity and highlight noticeably greater 
stereocontrolling properties of new type of chiral tridentate 
ligands. 

 
Scheme 1. Asymmetric synthesis of tailor-made amino acids via 
homologation of chiral glycine (S)-1 Schiff base. 

 

Scheme 2. General aspects of aldol addition reactions of Ni(II) 
complexes 5; formation of reversible syn-8 and anti-9, followed by 
cyclization to afford irreversible products 10. 

From the standpoint of mechanism and stereochemical 
outcome, aldol addition reactions of Ni(II) complexes of 
glycine Schiff bases have two distinct patterns (Scheme 2) 
depending on the reaction conditions. The first type of 
reactivity is observed in the presence of strong bases, such 
as alkoxides [17] or DBU [18]. In this case the reactions  
 

 

Scheme 3. Aldol addition-cyclization reaction cascade; major (S)(2S,3S)-14 and minor (S)(2S,3R)-15 products and crystallographic 
structure of major diastereomer (S)(2S,3S)-14. 
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proceed with very high diastereoselectivity (> 90% de) and 
are virtually irreversible due to the in situ formation of 
hydroxy group-coordinated species 6. Upon acidification of 
the reaction mixture, during work-up procedure, compounds 
6 rearrange to a normal, carboxy group-coordinated 
complexes 7. In the second option, under weakly basic 
conditions, such as catalyzed by triethylamine, aldol 
addition reactions are distinctively reversible with the 
equilibrium strongly favoring the starting compounds [19]. 

Consequently, the reactions usually require over 10-fold 
of the corresponding aldehyde to achieve a meaningful 
conversion of starting Ni(II) complexes 5. Furthermore, 
under these reaction conditions the thermodynamically 
controlled diastereoselectivity (syn-8 and anti-9) is quite 
low, ranging from 0 to 35% de. Considering these 
challenging inherent synthetic limitations, we were 
interested to know whether or not the stereochemical 
outcome can be improved when the aldol addition is 
followed by a transformation of reversible products syn-8 
and anti-9 to irreversible derivatives 10. 

Results and Discussion 

We posited that such process can be realized in addition-
cyclization reaction cascade with in situ esterification of the 
key hydroxy group critical for the reverse aldol addition. As 
presented in Scheme 2, we selected methyl 2-formyl-
benzoate, possessing well-positioned aldehyde and ester 
functionalities for the desired addition-cyclization cascade. 
As for the starting glycine Schiff base Ni(II) complex, we 
selected recently developed compound (S)-11, derived from 
strategically chloro-substituted ligand [20]. Complex (S)-11 
has never been used in the aldol additions but showed 
superior stereocontrolling properties in the alkyl halide 
alkylation [21] and deracemization of unprotected α- [22] 
and β-AAs [10]. 

After a series of preliminary experiments, we established 
that 6 equivalents of triethylamine, as a base, and 2 
equivalents of methyl 2-formylbenzoate can be suitably 
used as the starting point in the investigation. As presented 
in Table 1, screening the reaction solvents, such as 
dichloromethane (entry1), acetone (entry 2), acetonitrile 
(entry 3) and methanol (entry 4) at ambient temperature 
gave more or less similar results in term of 
diastereoselectivity affording (S)(2S,3S)-complex 14 as the 
major reaction product. Diastereomers (S)(2S,3S)-14 and 
(S)(2S,3R)-15 were separated by column chromatography 
and fully characterized. Absolute configuration of major 
(S)(2S,3S)-14 was established by single crystal X-ray 
analysis (Scheme 3 and SI). Absolute configuration of 
minor product (S)(2S,3R)-15 was inferred based on its 
optical rotation ([α]D = +1811.8), suggesting the (2S) 
stereochemistry and the (3R) by the deduction. No products 
with the (2R) absolute configuration, showing negative sign 
[19] of optical rotation, were found in the reaction mixture. 

Considering entries 1-4, we concluded that the reaction 
solvent has virtually no effect on the diastereoselectivity of 
this aldol  additions  providing  products  (S)(2S,3S)-14  and 

Table 1. Optimization of reaction conditionsa. 

Entry Temp 
(oC) 

Solvent Ester 
(equiv) 

Yield 
(%) 

Drc 

1 rt CH2Cl2 2.0 21 32:68 

2 rt aceton 2.0 16 28:72 

3 rt MeCN 2.0 12 34:66 

4 rt MeOH 2.0 53 37:63 

5 -20 MeOH 2.0 66 64:36 

6 0 MeOH 2.0 76 54:46 

7 40 MeOH 2.0 58 25:75 

8 60 MeOH 2.0 50 22:78 

9 80 MeOH 2.0 45 19:81 

10 40 MeOH 3.0 77 13:87 

11 40 MeOH 5.0 93 20:80 

12 40 MeOH 10.0 93 26:74 

13d 40 MeOH 5.0 89 21:79 

14d 40 MeOH 2.0 79 22:78 

a Reaction conditions: S-CBPB 11 (0.1 mmol), methyl 2-formyl-
benzoate, triethylamine (6 eq.), solvent (2.5 mL), 12 h; 
b Isolated yield; 
c Dr was determined by 1H NMR; 
d Ethyl 2-formylbenzoate was used. 

 
(S)(2S,3R)-15 in ratios between 28:72 and 37:63. By 
contrast, the chemical yields ranged much more 
prominently depending the reaction solvent (entry 3 vs. 4), 
suggesting methanol as an optimal choice (entry 4). Thus 
using menthol as a solvent, we explored the effect of the 
reaction temperature on the diastereoselectivity. Quite 
unexpectedly, the reaction of glycine Schiff base Ni(II) 
complex (S)-2 with methyl 2-formylbenzoate conducted at  
-20 oC gave rise to the reverse diastereomeric preferences 
affording (S)(2S,3R)-15 as a major product (entry 5). The 
same trend of the diastereoselectivity was still observed in 
the reaction conducted at 0 oC, albeit the preference for 
diastereomer (S)(2S,3R)-15 was significantly reduced (entry 
6). In sharp contrast the aldol addition performed at 
elevated temperature (40 oC, entry 7). Further increase of 
the reaction temperature to 60 oC (entry 8) and 80 oC (entry 
9) led to gradual increase in (2S,3S) diastereoselectivity 
recording the diastereomeric ratios of 22:78 and 19:81, 
respectively. On the other hand, the chemical yield followed 
the opposite trend gradually decreasing from 76% (entry 6) 
to 45% (entry 9).  

Based on these results, we concluded that the optimal 
temperature for these aldol reactions should be 40 oC (entry 
7). It should be noted that the reactions were quite sluggish 
and the starting materials were never fully converted to 
products (S)(2S,3S)-14 and (S)(2S,3R)-15 within the 
standard 12 hours of the reaction time. Accordingly, we 
conducted series of reactions using greater than 2 
equivalents excess of methyl 2-formylbenzoate. As 
presented in entries 10-12 the increase in the aldehyde 
stoichiometry allowed for noticeable improvement of the 
chemical yield to a respected 93% (entries 11, 12), 
suggesting 5 equivalents of the aldehyde as the optimal 
condition. Similar results were observed with application of 
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ethyl 2-formylbenzoate in the place of methyl 2-formyl-
benzoate (entries 13, 14). 

Conclusions 

In conclusion, in this methodological work we explored 
the triethylamine-catalyzed addition-cyclization reaction 
cascade between a new type of chiral Ni(II) complex of 
glycine Schiff and methyl/ethyl 2-formylbenzoates. The 
results obtained point to the thermodynamically controlled 
diastereoselectivity due to the much greater reaction rates of 
the reversible aldol additions vs. irreversible cyclizations. 
Nevertheless, the observed temperature-dependent 
oscillation of the stereochemical preferences, giving 
preference for (2S,3R) at low and (2S,3S) at elevated 
temperatures, was quite unexpected. Furthermore, the 
achieved 4/1 level of diastereoselectivity with over 90% 
chemical yields suggest synthetic potential of these 
reactions clearly deserving more comprehensive and 
focused investigation. 

Experimental section  

All the commercial reagents including solvents were 
used directly without further purification. All the 
experiments were monitored by thin layer chromatography 
(TLC) with UV light. The TLC employed 0.25 mm silica 
gel coated on glass plates. Column chromatography was 
performed with silica gel 60 (300-400 mesh). NMR spectra 
were recorded on Bruker 600 MHz spectrometers. Mass 
spectra (MS) were measured on Shimadzu LCMS-2020 
with an etrospray ionization (ESI) probe operating in 
positive mode. Values of optical rotation were measured on 
Automatic Polarimeter SGW-531. 

General procedures for the reaction between methyl  
2-formylbenzoate and (S)-11  

Into a 10 mL vial were taken (S)-11 (0.1 mmol), methyl 
2-formylbenzoate (5 equiv), triethylamine (6 equiv), 
methanol (2.5 mL). The mixture was stirred at 40 oC for 
12 h. Then the reaction was concentrated in vacuo. The 
residue was purified by column chromatography using 
DCM/EtOAc (1:1, v/v) as eluent to afford the desired 
product. 

Compound (S)(2S3S)-14: red solid, mp 168-169 oC; 
[α]D

25 +2514.4 (c 0.09, MeOH). 1H NMR (600 MHz, 
CDCl3) δ 8.99 (d, J 2.04 Hz, 1H), 8.14 (d, J 9.24 Hz, 1H), 
7.88-7.86 (m, 1H), 7.80-7.79 (m, 1H), 7.77-7.74 (m, 1H), 
7.72-7.69 (m, 1H), 7.60-7.57 (m, 1H), 7.54-7.48 (m, 2H), 
7.45-7.43 (m, 1H), 7.41 (d, J 8.16 Hz, 1H), 7.19-7.17 (m, 
1H), 7.10-7.08 (m, 1H), 6.73 (d, J 2.58 Hz, 1H), 6.40-6.39 
(m, 1H), 5.29 (s, 1H), 4.51 (d, J 1.74 Hz, 1H), 4.27 (d,  
J 12.66 Hz, 1H), 4.19-4.11 (m, 1H), 3.61-3.58 (m, 1H), 
3.41-3.38 (m, 1H), 3.21 (d, J 12.72 Hz, 1H), 2.94-2.88 (m, 
1H), 2.68-2.60 (m, 1H), 2.31-2.27 (m, 1H), 2.12-2.06 (m, 
1H). 13C{1H} NMR (150 MHz, CDCl3) δ 180.5, 172.3, 
171.4, 169.3, 145.2, 141.5, 135.2, 134.3, 133.8, 133.4, 
133.2, 133.1, 132.9, 132.1, 131.0, 130.7, 130.1, 129.9, 

129.8, 127.4, 127.1, 127.0, 125.9, 125.7, 125.5, 124.7, 
121.6, 81.6, 72.8, 71.7, 63.0, 58.9, 31.3, 29.9, 23.2.  
MS (ESI) m/z Calcd. for C35H27Cl3N3NiO5

+ [M+H]+ 732.0. 
Found 732.0. 

Compound (S)(2S3R)-15: red solid, mp 142-144 oC; 
[α]D

25 +1811.8 (c 0.06, MeOH). 1H NMR (600 MHz, 
CDCl3) δ 9.00 (d, J 2.04 Hz, 1H), 8.18 (d, J 9.36 Hz, 1H), 
7.82-7.80 (m, 1H), 7.75-7.73 (m, 1H), 7.50-7.42 (m, 4H), 
7.32 (d, J 8.22 Hz, 1H), 7.27-7.25 (m, 1H), 7.15-7.12 (m, 
1H), 7.07-7.05 (m, 1H), 6.92-6.91 (m, 1H), 6.41 (d, J 2.58 
Hz, 1H), 6.06 (d, J 3.84 Hz, 1H), 6.00-5.98 (m, 1H), 4.50 
(d, J 3.9 Hz, 1H), 4.29 (d, J 12.6 Hz, 1H), 4.11-4.05 (m, 
1H), 3.58-3.56 (m, 1H), 3.40-3.37 (m, 1H), 3.18-3.14 (m, 
2H), 2.73-2.66 (m, 1H), 2.29-2.22 (m, 1H), 2.16-2.11 (m, 
1H). 13C{1H} NMR (150 MHz, CDCl3) δ 179.8, 175.4, 
172.4, 168.6, 144.9, 141.7, 135.2, 134.5, 133.6, 133.4, 
133.3, 132.9, 132.8, 132.3, 131.1, 130.2, 129.8, 129.7, 
129.6, 129.2, 128.8, 127.2, 127.1, 125.9, 125.8, 125.4, 
123.5, 123.4, 80.5, 72.1, 71.8, 63.3, 58.9, 30.6, 29.7, 23.3. 
MS (ESI) m/z Calcd. for C35H27Cl3N3NiO5

+ [M+H]+ 732.0. 
Found 732.7. 

Notes 
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Каскадні реакції альдольного приєднання та циклізації на основі хірального 
комплексу Ni(II) основи Шифа гліцину 

Ю. Чжоу1, Ц. Їнь1, Х. Мей1, Х. Конно2, Х. Морівакі3, В. А. Солошонок4,5*, Ц. Хань1* 

1 Нанкінський лісотехнічний університет, вул. Лонпан роуд, 159, Нанкін, 210037, КНР 
2 Вища школа науки і технології, Ямагатський університет, Йонезава, Ямагата, 992-8510, Японія 
3 Гамарі Кемікалс Лтд., 1-19-40, Нанкокіта, Суміное-ку, Осака, 559-0034, Японія 
4 Університет Країни Басків, вул. Пасео Мануель Лардізабаля, 3, Сан-Себастьян, 20018, Іспанія 
5 ІКЕРБАСК, Баскський фонд науки, вул. Марії Діас де Аро, Більбао, 48013, Іспанія 

Резюме: На базі хірального комплексу Ni(II) основи Шифа гліцину нового типу було розроблено каскадні реакції приєднання-циклізації з метою 
вивчення аспектів кінетичного/термодинамічного утворення відповідних (S)(2S,3S)/(S)(2S,3R) діастереомерів. Було знайдено, що утворені 
лактони в значній мірі є продуктами термодинамічно контрольованої діастереоселективності завдяки значному внеску зворотньої реакції 
альдольного приєднання порівняно із подальшою циклізацією. Досить несподіваним виявився факт температурної залежності стереохімічних 
співвідношень продуктів реакції: при низькій температурі утворювався переважно (2S,3R) діастереомер, у той час як при підвіщеній – (2S,3S). 
Спостережувана діастереоселективність становила 4/1 (S)(2S,3S)/(S)(2S,3R), що є значно кращим показником порівняно із попередніми даними 
(1.7/1). Подібний рівень діастереоселективності, а також сумарний вихід продуктів реакції (більш ніж 90%), свідчать про великий синтетичний 
потенціал даного методу, що однозначно заслуговує на всебічне та цілеспрямоване дослідження. 

Ключові слова: асиметричний синтез; альдольне приєднання; специфічні неприродні амінокислоти; Ni(II) комплекси; основи Шифа; 
каскадні/доміно/тандемні реакції. 
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New 4-iminohydantoin sulfamide derivatives with antiviral and 
anticancer activity  

Yurii Eu. Kornii1, Oleh V. Shablykin1, Olga V. Shablykina1,2*, Volodymyr S. Brovarets1 
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Abstract: A number of sulfamides were obtained by reaction interaction of (5-(dichloromethylene)-2-oxoimidazolidin-4-
ylidene)sulfamoyl chloride with anilines, benzylamines, Boc-protected piperazine, methylalylamine, and amino acids methyl esters with 
primary and secondary amino group. The antiviral and anticancer activity of new derivatives was evaluated. The most effective 
compounds against Human cytomegalovirus were sulfamides based on anisidine (1b), N-Boc-piperazine (1h), and the derivatives 1n, o 
with fragments of nipecotic and azetidine-3-carboxylic acids, respectively. Anticancer activity was most significant for sulfamides based 
on p-methoxybenzylamine (compound 1d), benzylmethylamine (compound 1f), and allylmethylamine (compound 1g). 

Keywords: hydantoins; sulfamides; antiviral activity; anticancer activity. 
 

 
Introduction 

The hydantoin motif often appears in bioactive 
molecules of both natural and synthetic origin (Figure 1) 
[1-2]. This heterocyclic system, due to its low aromaticity, 
can be consider as a cyclic combination of an α-amino acid 
and urea with all the resultant consequences, such as the 
possibility of assembly with a variation of substituents [3], 
the relative ease of combinatorial libraries creation [4], the 
possibility of further modification, as well as bioavailability 
and environmental friendliness [5]. These factors make 
hydantoin derivatives very attractive objects for medicinal 
chemistry, and a brief overview of the achievements in this 
area over the past decade can be found in the work [6]. At 
the same time, the possibility disagreeable side effects of a 
number of hydantoin drugs cannot be ignored [7-9]. 
However, it is also obvious that the main reason for the 
toxicity of some derivatives is not the hydantoin fragment 
(for example, Allantoin exhibits almost no undesirable  
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effects), but the effect of substituents. Consequently, the 
creation of new substances with a hydantoin fragment and  
 

Figure 1. Practically used natural and synthetic hydantoin 
derivatives [1-2]. 
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the study of possible areas of their practical application is a 
crucial task. 

Earlier, we established a convenient way to synthesize 
the novel sulfamides with a hydantoin fragment and found 
anticancer [10] and antiviral [11] activity for some of these 
compounds (Figure 2, general structure 1). The results of 
studies of the anticancer activity of hydantoin sulfonamides 
were quite optimistic in terms of further prospects for this 
class of substances: for example, all of the first six 
synthesized derivatives were selected for single-dose assay, 
and five-dose assay were led for two compounds [10, 12]. 
Data on antiviral activity were less demonstrative [11], but 
also showed a significant dependence of the level of activity 
on the nature of the substituents R1 and R2. 

 

Figure 2. Bioactive (5-(dichloromethylene)-2-oxoimidazolidin-4-
ylidene)sulfamides [10-12]. 

This has become a weighty reason for us to keep this 
research course; therefore, the aim of this work was to 
create new derivatives of general formula 1 (Figure 2), and 
study their antiviral and anticancer effects. This course is 
also supported by the data summarized in the review [13] 
concerning the anticancer and antiviral activity of 
sulfonamides: the varying the substituents can stimulate the 
displaying one or another type of activity.  

Results and Discussion 

Chemistry 

The starting sulfamoyl chloride 2 is formed by the 
reaction of chlorosulfonylisocyanate (3) with 2-amino-3,3-
dichloroacrylonitrile (ADAN, 4) through the steps of 
acylation of the ADAN amino group with isocyanate, 
heterocyclization with the ADAN CN-group and the 
nitrogen atom of the newly formed urea, and, at last, 
recyclization [10]. Despite the presence of a several active 
functional fragments, compound 2 is relatively stable and 
suitable for long-term storage (at low temperature), 
therefore, it is a convenient "building block". 

Compared with previous works, we have significantly 
expanded the list of amines that were involved in the 
interaction with sulfamoyl chloride 2 to obtain the target 

sulfamides 1a-o. Substituted anilines, benzylamines, Boc-
protected piperazine, methylalylamine, and amino acids 
methyl esters with primary and secondary amino group 
were used. The focus on a series of amino acid derivatives 
obtaining was due to previous results: a sulfamide of similar 
structure with a residue of ester nipecotic acid showed 
strong anticancer activity [10], and the corresponding acid 
exhibited antiviral action [11]. The formation of compounds 
1 occurred under the action of 5-6 eq. amine on chloride 2 
in THF solution, and the nature of the amine didn't have 
much effect on the yield of the product. Removal of Boc-
protection of compound 1h was applied in organic solvent 
with dry HCl. 

Biological Assay 

To establish antiviral activity in vivo against some strains 
of cytomegalovirus compounds 1b-h, k, l, n, o were selec-
ted. Unfortunately, a number of investigated substances 
revealed low activity and insufficient chemotherapeutic 
index; namely Human cytomegalovirus was not suppressed 
by sulfamides 1c-g, k, l. Compounds 1b, h couldn't effecti-
vely suppress the growth of H. cytomegalovirus strain 
GDGr K17, but proved to be quite effective against  
H. cytomegalovirus strain AD169 (see Table 1). The 
derivatives 1n, o with a fragment of nipecotic and azetidine-
3-carboxylic acids, respectively, also acted selectively only 
on certain species and strains of cytomegaloviruses and 
weren't active against the others ones. In particular the 
sulfamides 1n, o weren't effective against Guinea pig 
cytomegalovirus (22122), Murine cytomegalovirus (Smith), 
but active against H. cytomegalovirus (see Table 1). The 
indexes of antiviral activity also depended on the detection 
method. For example, when determining the EC50 value of 
the compounds 1n, o to H. cytomegalovirus (AD169) by 
quantitative polymerase chain reaction these substances 
were classified as inefficient, while when determining EC50 
by the method of CellTiter-Glo the value were nearby to the 
comparison drugs (Table 1). Therefore, four substances 
showed worthy of interest antiviral activity; these data are 
shown in Table 1, where the EC50 – compound 
concentration that reduces viral replication by 50%, EC90 – 
concentration that reduces viral replication by 90%, CC50 – 
concentration that reduces cell viability by 50%, SI50 – 
CC50 / EC50, SI90 – CC50 / EC90. The EC50 value of the 
sulfamides 1b, h, n, o were comparable to the Ganciclovir 
and Cidofovir. But they have an unremarkable 
chemotherapy index, especially SI90 

The possible anticancer effect was investigated not only 
for the sulfamides 1a-o synthetized in this work, but also 
for the isopropylamine and tryptamine derivatives 1r, s, 
described in the article [11]. As a result of the primary 
analysis, a number of biological screening substances were 
selected (see Table 2).  

According to single-dose assay, not all of the studied 
derivatives had significant anticancer activity. The average 
percentage inhibition of cancer cell growth, the range of 
values, as well as the number of lines (from 60 studying 
ones) that experienced a growth inhibition of more than 
50%, and the number of cell lines for which the test compo- 
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Scheme 1. Synthesis of new (5-(dichloromethylene)-2-oxoimidazolidin-4-ylidene)sulfamides. 

unds were lethal are shown in Table 2. In the latter case, the 
record values of mortality rates are also reported. 

Even in a such small list of compounds, the following 
tendency can be observed: sulfamides based on aliphatic 
and aromatic amines show, on average, low anticancer 
activity, and, on the other hand, the derivatives of 
benzylamines, allylmethylamine and tryptamine very 
effectively inhibit the growth of numerous cancer cell lines. 
It is noteworthy that two compounds – 1f and 1g, which 
were obtained from similar amines (benzylmethylamine and 
allylmethylamine, respectively), showed the highest 
anticancer activity against the same cancer cell lines 
(Table 2) with very similar values. 

Table 1. The antiviral activity data of sulfamides 1b, h, n, o 
against H. cytomegalovirus.* 

Virus 
Strain Cоmpd EC50 EC90 CC50 SI50 SI90 

AD169 

Ganciclovir 0.39 1.13 >150.00 >383 >133 

1b 0.21 >6.00 14.42 69 <2 

1h 0.95 >6.00 15.87 17 <3 

1n 0.15 >6.00 14.34 96 <2 

1o 0.19 >30.00 68.08 353 <2 

GDGr 
K17 

Ganciclovir 13.44 >150.00 >150.00 >11 1 

Cidofovir 0.11 >30.00 117.81 1061 <4 

1n 0.13 >6.00 15.99 119 <3 

1o 0.54 >30.00 70.90 131 <2 

* Cell Line: HFF; control assay: CellTiter-Glo (cytopathic 
effect/toxicity). 

It is also interesting that the values of the activity of 
sulfamides 1f and 1g activity are in a plenty wide range. 
These compounds have shown very selective cytotoxicity 
against various cancer lines. As shown in Table 3, the 
growth inhibition rates of 8 melanoma lines were observed. 
It is easy to see that the compounds 1f, g only slightly 
inhibit the growth of some lines, but a high percentage of 
lethality was recorded for LOX IMVI cells. Similar strong 
differences in the activity of compounds 1f, g can be 
observed to different cell lines of colorectal, renal and 
ovarian cancers. But these substances were found to be 
highly effective against all studied lines of leukemia (Table 
3) – from almost discontinuing of growth to significant 
lethality. 

For substances 1d, f, g, a five-dose assay of their anti-
cancer activity were performed. In the Table 4 the average 
concentrations of GI50, TGI, LC50 and the corresponding 
values for cancer lines that were inhibited most effectively 
in a single-dose experiment are shown (compare with 
Table 2; Melanoma LOX IMVI for compounds 1f, g wasn't 
investigate), as well as values for the lines with the highest 
inhibition (marked in a color). 

In average values, compound 1f exhibits the highest 
anticancer activity, and the effect of sulfonamide 1g is 
slightly less. Substance 1f was able to inhibit growth by 
50% at a concentration of less than 10–6 M (respectively, 
lg GI50 < -6) of 5 lines out of 59 tested in a five-dose 
experiment, including Colon Cancer KM12 (see Table 3), 
Leukemia RPMI-8226 and SR, Breast Cancer MCF7 and 
MDA-MB-468; and the substance 1g in less than 10–6 M 
concentration inhibited the growth by 50% the same 5 lines.  
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Substance 1d in less than micromolar concentrations 
inhibited by 50% the growth of 11 lines from 59, but TGI 
and LC50 values wasn’t so conductive. 

Table 2. The effect of compounds 1a-h, p-s on the 
growth of cancer cells, determined by single-dose assay  
(C = 10–5 M); GP – Growth Percent, %; N50 – number of 
lines with GP 50%; N0 – number of lines with GP 0%. 

         

Compd  
(NCS code) 

GP, 
Mean 

GP, 
Range N50 N0 

The most significant 
inhibition, GP 

1a 
(827223) 

100.8 58.9 – – 69.7 SNB-75 (CNS Cancer) 

1b 
(827225) 

93.8 108.7 4 – 15.4 MDA-MB-468  
(Breast Cancer) 

1c 
(827227) 

52.9 121.6 29 3 

-8.7 BT-549 (Breast Cancer) 
-3.0 SNB-75 (CNS Cancer) 
-1.1 HOP-92 (Non-Small 

Cell Lung Cancer) 

1d 
(827226) 26.8 106.4 47 7 

-23.2 SNB-75 (CNS Cancer) 
-22.9 SF-295 (CNS Cancer) 
-11.1 HL-60(TB) 

(Leukemia) 

1e 
(827224) 

98.7 82.7 1 – 44.1 MDA-MB-468 
 (Breast Cancer) 

1f 
(828790) 36.0 201.2 30 13 

-90.8 ACHN (Renal Cancer) 
-84.5 LOX IMVI 

(Melanoma) 
-81.7 OVCAR-3 (Ovarian 

Cancer) 

1g 
(828791) 

20.88 200.41 35 21 

-96.7 ACHN (Renal Cancer) 
-88.3 LOX IMVI 

(Melanoma) 
-84.3 OVCAR-3 
(Ovarian Cancer) 

1h 
(827229) 

83.9 176.1 7 1 -52.4 NCI-H522 (Non-Small 
Cell Lung Cancer) 

1p 
(827228) 

102.0 48.3 – – 72.5 SNB-75 (CNS Cancer) 

1r 
(812426) 

95.5 102.6 1 – 19.7 SR (Leukemia) 

1s 
(812428) 

56.4 135.9 23 3 

-3.3 MDA-MB-468 (Breast 
Cancer) 

-4.6 KM12 (Colon Cancer) 
-25.8 OVCAR-3 (Ovarian 

Cancer) 

Conclusions 

Thus, the diversity of the sulfamides obtained on the 
base of (5-(dichloromethylene)-2-oxoimidazolidin-4-
ylidene)sulfamoyl chloride was significantly supplemented 
by us, and the antiviral and anticancer activity of new 
derivatives was determined. It was found that the antiviral 
activity against H. cytomegalovirus is inherent for esters of 
nipecotic and azetidine-3-carboxylic acids 1n and 1o, 
respectively, as well as for anisidine 1b and Boc-piperazine 
1h sulfamides, but, unfortunately, these compounds have a 
low chemotherapy index. Most of the tested compounds can 
effectively inhibit the growth of tumor cells, and strongest 
inhibition was observed for sulfamides based on p-
methoxybenzylamine (compo-und 1d), benzylmethylamine 
(compound 1f), and allyl-methylamine (compound 1g). The 
substances 1f, g also have high selectivity for certain cancer 
cells lines. So, using various amines in the synthesis of N-
[5-(dichloro-methylene)-2-oxoimidazolidin-4-ylidene]sulfa-
mides, it has been indeed possible to obtain compounds 
with either antiviral or anticancer activity.  

Table 3. The effect of compounds 1f, g on the growth of 
Melanoma and Leukemia cells. 

 
Growth Percent, % 

1f 
(NSC 828790) 

1g 
(NSC 828791) 

Melanoma   

LOX IMVI -84.5 -88.3 

MALME-3M -19.9 -69.4 

MDA-MB-435 79.6 34.4 

SK-MEL-2 87.8 90.0 

SK-MEL-28 11.2 -83.6 

SK-MEL-5 95.7 91.6 

UACC-257 68.2 57.4 

UACC-62 62.2 32.9 

Leukemia 

  

CCRF-CEM -12.9 -27.1 

HL-60(TB) -29.8 -51.7 

K-562 1.1 -3.5 

MOLT-4 10.3 -19.7 

RPMI-8226 -1.1 5.2 

SR -0.4 -18.7 
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Table 4. The effect of compounds 1d, f, g on the growth of 
cancer cells, determined by five-dose assay (the 
concentrations GI50, TGI and LC50

*, mol/l, given as lg).  

Compd 
(NCS code) Cell line 

Value of cancer cell lines' 
growth inhibition 

lg GI50 lg TGI lg LC50 

1d 
(827226) 

Mean value -5.75 -4.46 -4.07 

SNB-75 (CNS Cancer) -5.87 > -4.00 > -4.00 

SF-295 (CNS Cancer) -5.54 > -4.00 > -4.00 

HL-60(TB) (Leukemia) -6.12 -5.25 > -4.00 

MDA-MB-468 (Breast 
Cancer) -6.74 -6.19 -4.11 

1f 
(828790) 

Mean value -5.74 -5.26 -4.69 

ACHN (Renal Cancer) -5.75 -5.50 -5.24 

OVCAR-3 (Ovarian 
Cancer) -5.75 -5.47 -5.18 

KM12 (Colon Cancer) -6.57 -6.13 -4.44 

1g 
(828791) 

Mean value -5.66 -5.14 -4.61 

ACHN (Renal Cancer) -5.75 -5.50 -5.24 

LOX IMVI 
(Melanoma) - - - 

OVCAR-3 (Ovarian 
Cancer) -5.72 - 5.42 - 

MCF7 (Breast Cancer) -6.41 > -4.00 > -4.00 

RPMI-8226 (Leukemia) -6.39 -5.01 > -4.00 

KM12 (Colon Cancer) -6.36 -4.59 > -4.00 

* GI50 (growth inhibitory activity) – concentration of the compound causing 
50 % decrease in net cell growth; TGI (cytostatic activity) – concentration 
of the compound resulting in total growth inhibition; LC50 (cytotoxic 
activity) – concentration of the compound causing net 50 % loss of initial 
cells at the end of the incubation period of 48 h. 

Experimental section 

Chemistry 

The solvents were purified according to the standard 
procedures. All materials were purchased from commercial 
sources and used without further purification. The success 
rate was calculated as the number of successful experiments 
divided by the total number of experiments. NMR spectra 
were recorded on Varian Union Plus spectrometer  
(400 MHz for 1H and 100 MHz for 13C) in DMSO-d6 
solution. Chemical shifts are reported in ppm downfield 
from TMS as internal standards. Mass spectra were 
recorded on an LC-MS instrument with chemical ionization 
(CI). LC-MS data were acquired on an Agilent 1200 HPLC 
system equipped with DAD/ELSD/LCMS-6120 diode 
matrix and mass-selective detector. Melting points were 
measured on a MPA100 OptiMelt automated melting point 

system. Elemental analyses were performed at the 
Analytical Laboratory of the V.P. Kukhar Institute of 
Bioorganic Chemistry and Petrochemistry of the NAS of 
Ukraine, their results were found to be in good agreement 
(±0.4%) with the calculated values. 

The method of sulfamoyl chloride 2 synthesis and 
general method of sulfamides 1a-o synthesis from 1 g 
(3.59 mmol) sulfamoyl chloride 2 were given in publication 
[10]. The synthesis and the data of sulfamides 1r, s see at 
[11]. 

(Z)-N-[5-(Dichloromethylene)-2-oxoimidazolidin-4-yl-
idene]-N-(4-fluorophenyl)sulfamide (1a). 

Yield: 0.36 g, 28%; mp 220-221 °C. 1H NMR δ 11.47 
(br s, 1H, NH), 11.15 (br s, 1H, NH), 9.92 (s, 1H, SO2NH), 
7.05-7.28 (m, 4H, Ar). 13C NMR δ 158.91 (d, JCF 240.1 Hz, 
C-F), 152.2 (C=N or C=О), 151.1 (C=N or C=О), 134.4  
(d, JCF 1.6 Hz, NH-S), 129.7 (С=CCl2), 122.85  2 (d, JCF  
8.2 Hz, CHCHCF), 115.56  2 (d, JCF 22.5 Hz, CHCF), 
107.3 (CCl2). HPLC (CI) m/z (Irel, %) 353.0 [M+1]+ (100).  

(Z)-N-[5-(Dichloromethylene)-2-oxoimidazolidin-4-yl-
idene]-N-(4-methoxyphenyl)sulfamide (1b). 

Yield: 0.97 g, 74%; mp 195 °С (decomp.). 1H NMR δ 
11.38 (br s, 1H, NH), 11.13 (s, 1H, NH), 9.60 (s, 1H, 
SO2NH), 7.13 (d, J 8.6 Hz, 2Н, Ar), 6.87 (d, J 8.6 Hz, 2Н, 
Ar), 3.70 (s, 3H, CH3O). 13C NMR δ 156.5 (CArO), 152.2 
(C=N or C=О), 150.9 (C=N or C=О), 130.6 (Ar), 129.7 
(С=CCl2), 123.8  2 (Ar), 114.1  2 (Ar), 107.2 (CCl2), 
55.2 (CH3O). HPLC (CI) m/z (Irel, %) 363.0 [M-1]– (100).  

(Z)-N-[5-(Dichloromethylene)-2-oxoimidazolidin-4-yl-
idene]-N-(4-methylbenzyl)sulfamide (1c).  

Yield: 0.91 g, 70%; mp 165-166 °C. 1H NMR δ 11.02 
(m, 2H, 2NH), 7.80 (t, J 6.6 Hz, 1H, NHСН2), 7.19 (d, 
J 6.8 Hz 2H, Ar), 7.08 (d, J 6.8 Hz, 2H, Ar), 4.12 (d, 
J 6.6 Hz, 2H, NHСН2), 2.26 (s, 3H, СН3). 13C NMR δ 152.2 
(C=N or C=О), 150.2 (C=N or C=О), 136.3 (Ar), 134.4 
(Ar), 129.5 (С=CCl2), 128.5  2 (Ar), 127.8  2 (Ar), 106.9 
(CCl2), 46.3 (CH2), 20.7 (CH3). HPLC (CI) m/z (Irel, %) 
361.0 [M-1]– (100).  

(Z)-N-[5-(Dichloromethylene)-2-oxoimidazolidin-4-yl-
idene]-N-(4-methoxybenzyl)sulfamide (1d).  

Yield: 1.22 g, 90%; mp 190-191 °C. 1H NMR δ 11.03 
(br s, 2H, NH), 7.76 (t, J 5.6 Hz, 1H, NHCH2), 7.22 (d,  
J 7.9 Hz, 2H, Ar), 6.83 (d, J 7.9 Hz, 2H, Ar), 4.09 (d,  
J 5.6 Hz, 2H, NHCH2), 3.72 (s, 3H, CH3O). 13C NMR δ 
158.5 (CAr–O), 152.2 (C=N or C=О), 150.1 (C=N or C=О), 
129.6 (С=CCl2), 129.4 (Ar), 129.2  2 (Ar), 113.4  2 (Ar), 
106.9 (CCl2), 55.1 (CH3O), 46.0 (CH2). HPLC (CI) m/z (Irel, 
%) 379.0 [M-1]– (100).  

(Z)-N-(4-Chlorobenzyl)-N-[5-(dichloromethylene)-2-oxo-
imidazolidin-4-ylidene]sulfamide (1e). 

Yield: 1.13 g, 82%; mp 202-203 °C. 1H NMR δ 11.12 
(br s, 1H, NH), 11.06 (s, 1H, NH), 7.93 (t, J 5.7 Hz, 1H, 
NHCH2), 7.29-7.41 (m, 4H, Ar), 4.16 (d, J 5.7 Hz, 2H, 
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NHCH2). 13C NMR δ 152.2 (C=N or C=О), 150.3 (C=N or C=О), 136.8 (Ar), 131.8 (Ar), 129.6  2 (Ar), 129.5
(С=CCl2), 128.0  2 (Ar), 107.0 (CCl2), 45.7 (CH2). HPLC 
(CI) m/z (Irel, %) 383.0 [M+1]+ (100).  

(Z)-N-Benzyl-N-[5-(dichloromethylene)-2-oxoimidazoli-
din-4-ylidene]-N-methylsulfamide (1f).  

Yield: 1.15 g, 88%; mp 180-181 °C. 1H NMR δ 11.41 
(br s, 1H, NH), 11.13 (br s, 1H, NH), 7.22-7.46 (m, 5H, Ph), 
4.19 (s, 2H, CH2), 2.63 (s, 3H, CH3). 13C NMR δ 152.4 
(C=N or C=О), 151.5 (C=N or C=О), 136.0 (Ph), 129.8 
(С=CCl2), 128.4  4 (Ph), 127.6 (Ph), 107.2 (CCl2), 54.2 
(CH3N), 35.1. HPLC (CI) m/z (Irel, %) 363.0 [M+1]+ (100).  

(Z)-N-Allyl-N-[5-(dichloromethylene)-2-oxoimidazolidin-
4-ylidene)-N-methylsulfamide (1g). 

Yield: 0.78 g, 69%; mp 102-103 °C. 1H NMR δ 11.52 
(br s, 1H, NH), 11.12 (br s, 1H, NH), 5.77-5.93 (m, 1H, 
–СН=), 5.28 (d, Jtrans 17.1 Hz, 1H, =СН2), 5.21 (d, Jcis  
10.1 Hz, 1H, =СН2), 3.66 (d, J 5.7 Hz, 2H, NCH2), 2.67 (s, 
3H, СН3). 13C NMR δ 152.4, 151.5, 132.8, 129.8, 118.9, 
107.1 (CCl2), 53.2, 34.8. HPLC (CI) m/z (Irel, %) 313.0 
[M+1]+ (100).  

tert-Butyl (Z)-4-(N-(5-(dichloromethylene)-2-oxoimidazoli-
din-4-ylidene)sulfamoyl)piperazine-1-carboxylate (1h).  

Yield: 1.02 g, 66%; mp 198-199 °C. 1H NMR δ 11.64 
(br s, 1H, NH), 11.13 (br s, 1H, NH), 3.37-3.50 (m,  
4H, N(CH2)2), 2.96-3.09 (m, 4H, N(CH2)2), 1.39 (s,  
9H, C(CH3)3). 13C NMR δ 153.8 (СО2), 152.5 (C=N or 
C=О), 152.3 (C=N or C=О), 130.0 (С=CCl2), 107.1 (CCl2), 
79.3 (O–C), 46.1  4 (2 N(CH2)2), 28.0  3 (C(CH3)3). 
HPLC (CI) m/z (Irel, %) 426.0 [M-1]– (100).  

Methyl (Z)-(N-(5-(dichloromethylene)-2-oxoimidazoli-
din-4-ylidene)sulfamoyl)glycinate (1i).  

Yield: 0.83 g, 70%; mp 179-180 °C. 1H NMR δ 11.16 
(m, 2H, 2NH), 7.79 (t, J 5.8 Hz, 1H, NHCH2), 3.84 (d, J 
5.8 Hz, 2H, NHCH2), 3.62 (s, 3H, CH3O). 13C NMR δ  
169.7 (СО2), 152.4 (C=N or C=О), 151.2 (C=N or C=О), 
129.8 (С=CCl2), 107.3 (CCl2), 51.9 (CH3O), 44.0 (CH2). 
HPLC (CI) m/z (Irel, %) 331.0 [M+1]+ (100).  

Methyl (Z)-(N-(5-(dichloromethylene)-2-oxoimidazoli-
din-4-ylidene)sulfamoyl)phenylalaninate (1j).  

Yield: 1.24 g, 82%; mp 174-175 °C. 1H NMR δ 10.82-
11.18 (m, 2H, 2NH), 7.96 (d, J 9.0 Hz, 1H, NHCH), 7.13-
7.30 (m, 5H, Ph), 4.10-4.23 (m, 1H, NHCH,), 2.99 (dd, Jhem 
13.6 Hz, Jvic 5.8 Hz, 1H, CH2), 2.87 (dd, Jhem 13.6 Hz, Jvic 
8.8 Hz, 1H, CH2). 13C NMR δ 171.6 (СО2), 152.3 (C=N or 
C=О), 151.1 (C=N or C=О), 136.2 (Ph), 129.6 (С=CCl2), 
129.1  2 (Ph), 128.1  2 (Ph), 126.6 (Ph), 107.4 (CCl2), 
57.3 (NHCH), 51.9 (CH3O), 38.0 (CH2). HPLC (CI) m/z 
(Irel, %) 421.0 [M+1]+ (100).  

Dimethyl (Z)-(N-(5-(dichloromethylene)-2-oxoimidazoli-
din-4-ylidene)sulfamoyl)aspartate (1k).  

Yield: 1.11 g, 77%; mp 168-169 °C. 1H NMR δ 11.27 
(br s, 1H, NH), 11.20 (br s, 1H, NH), 7.98 (d, J 7.9 Hz, 1H, 
CHNH), 4.23-4.38 (m, 1H, CHNH), 3.62 (s, 3H, CH3O), 

3.59 (s, 3H, CH3O), 2.83 (d, J 4.9 Hz, 2H, СНСН2). 
13C NMR δ 170.5 (СО2), 170.1 (СО2), 152.3 (C=N  
or C=О), 151.3 (C=N or C=О), 129.7 (C=CCl2), 107.4 
(CCl2), 52.4 (CH3O), 52.3 (CH3O), 51.7 (CHNH). HPLC 
36.8 (СН2), (CI) m/z (Irel, %) 403.0 [M+1]+ (100).  

Dimethyl (Z)-(N-(5-(dichloromethylene)-2-oxoimidazoli-
din-4-ylidene)sulfamoyl)glutamate (1l). 

Yield: 1.17 g, 78%; mp 175-176 °C. 1H NMR δ 11.07-
11.25 (m, 2H, 2NH), 7.97 (d, J 9.0 Hz, 1H, SO2NH), 3.91-
4.03 (m, 1H, СН), 3.61 (s, 3H, CH3O), 3.58 (s, 3H, CH3O), 
2.34-2.46 (m, 2H, СН2СН2СО2Ме), 1.90-2.02 (m, 1H, 
СНСН2), 1.75-1.88 (m, 1H, СНСН2). 13C NMR δ 172.4 
(СО2), 171.6 (СО2), 152.2 (C=N or C=О), 151.0 (C=N or 
C=О), 129.7 (C=CCl2), 107.3 (CCl2), 54.8 (NHCH), 52.1 
(CH3O), 51.4 (CH3O), 29.2 (CH2), 27.2 (CH2). HPLC (CI) 
m/z (Irel, %) 415.0 [M-1]– (100). 

Methyl (Z)-(N-(5-(dichloromethylene)-2-oxoimidazoli-
din-4-ylidene)sulfamoyl)prolinate (1m).  

Yield: 0.84 g, 63%; mp 142-143 °C. 1H NMR δ 11.52 
(br s, 1H, NH), 11.12 (br s, 1H, NH), 4.15-4.25 (m, 1H, 
NCH), 3.65 (s, 3H, CH3O), 3.30 (m, 2H, NCH2, with Н2О 
signal), 2.12-2.27 (m, 1H, HPyr), 1.78-1.98 (m, 3H, HPyr). 
13C NMR δ 172.3 (СО2), 152.4 (C=N or C=О), 152.2 (C=N 
or C=О), 130.0 (C=CCl2), 107.2 (CCl2), 60.9 (NCH), 52.1 
(CH3O), 49.7 (NCH2), 30.6 (CH2), 24.5 (CH2). HPLC (CI) 
m/z (Irel, %) 371.2 [M+1]+ (100).  

Methyl (Z)-1-(N-(5-(dichloromethylene)-2-oxoimidazoli-
din-4-ylidene)sulfamoyl)piperidine-3-carboxylate (1n).  

Yield: 0.77 g, 56%; mp 151-152 °C. 1H NMR δ 10.39-
11.98 (br s, 2H, 2NH), 3.45-3.65 (m, 4H, CH3O, HPip), 2.78-
2.96 (m, 1H, HPip), 2.62-2.78 (m, 1H, HPip), 1.80-1.99 (m, 
1H, HPip), 1.63-1.80 (m, 1H, HPip), 1.29-1.63 (m, 4H, HPip). 
13C NMR δ 173.0, 152.7, 152.1, 130.2, 107.6, 51.9, 48.2, 
46.7, 26.0, 23.3. HPLC (CI) m/z (Irel, %) 385.0 [M+1]+ 
(100).  

Methyl (Z)-1-(N-(5-(dichloromethylene)-2-oxoimidazoli-
din-4-ylidene)sulfamoyl)azetidine-3-carboxylate (1o).  

Yield: 0.74 g, 58%; mp 211-212 °C. 1H NMR δ 11.74 
(br s, 1H, NH), 11.17 (br s, 1H, NH), 4.06-3.92 (m,  
4H, N(CH2)2), 3.65 (s, 3H, ОСН3), 3.59-3.49 (m, 1H, 
СНСО2Ме). 13C NMR δ 171.9 (СО2Ме), 152.9 (C=N or 
C=О), 152.4 (C=N or C=О), 130.0 (C=CCl2), 107.5 (CCl2), 
53.2 (ОСН3), 52.1  2 (N(CH2)2), 30.8 (СНСО2Ме). HPLC 
(CI) m/z (Irel, %) 355.0 [M-1]– (100).  

Hydrochloride of (Z)-N-(5-(dichloromethylene)-2-oxo-
imidazolidin-4-ylidene)piperazine-1-sulfonamide (1p).  

The substance 1h (0.50 g, 1.17 mmol) was dissolved in 
10 mL of dry CH2Cl2, and the 1.5 mL (5 eq.) of 4 M HCl in 
1,4-dioxane was added. The reaction mixture was stirred for 
8 h, than was evaporated, and the dry residue was triturated 
in 15 ml of MTBE, filtered and washed with MTBE 
(2  10 ml). Yield: 0.36 mg, 85%; mp 218-219 °C. 1H NMR 
δ 11.94 (br s, 1H, NH), 11.19 (br s, 1H, NH), 9.50 (br s, 2H, 
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NH2
+), 3.30-3.38 (m, 4H, N(CH2)2), 3.13-3.25 (m, 4H, 

N(CH2)2). 13C NMR δ 152.6 (C=N or C=О), 152.3 (C=N or 
C=О), 129.6 (C=CCl2), 108.2 (CCl2), 43.4  2 (N(CH2)2), 
41.7  2 (N(CH2)2). HPLC (CI) m/z (Irel, %) 328.0 [M+1]+ 
(100).  

Biological Assay 

The antiviral activity of synthesized compounds was 
tested in the Department of Pediatrics, University of 
Alabama, Birmingham; description of the technique see in 
[11]. 

The anticancer activity of synthesized compounds was 
tested according to the International Program of the 
National Institutes of Health – DTP (Developmental 
Therapeutic Program) of the National Cancer Institute 
(NCI, Bethesda, Maryland, USA) on 60 cancer cell lines 
[14]; a description of the technique is also given in [15]. 
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Нові сульфамідні похідні 4-іміногідантоїну з противірусною та  
протираковою активністю 

Ю. Є. Корній1, О. В. Шабликін1, О. В. Шабликіна1,2*, В. С. Броварець1 

1 Інститут біоорганічної хімії та нафтохімії ім. В.П. Кухаря НАН України, вул. Мурманська, 1, Київ, 02094, Україна 
2 Київський національний університет імені Тараса Шевченка, вул. Володимирська, 60, Київ, 01601, Україна 

Резюме: Взаємодією (5-(дихлорометилен)-2-оксоімідазолідін-4-іліден)сульфамоїлхлоріду з анілінами, бензиламінами, Boc-захищеним 
піперазином, метилаліламіном та метиловими естерами амінокислот з первинною та вторинною аміногрупами отримано ряд сульфамідів. Для 
встановлення противірусної активності in vivo щодо окремих штамів цитомегаловірусу сполук було відібрано 11 сполук. На жаль, низьку 
противірусну активність та хіміотерапевтичний індекс виявили похідні на основі пара-заміщених бензиламінів, бензилметил- та алілметиламіну, 
а також естерів аспарагінової та глутамінової кислоти. Сульфаміди, отримані за участю естерів ніпекотинової та азетидин-3-карбонової кислот, 
діяли селективно лише на певні види та штами цитомегаловірусів і не були активними щодо інших: зокрема, були неефективними проти 
цитомегаловірусу морської свинки (22122), цитомегаловірусу миші (Сміт), але активні щодо цитомегаловірусу людини. Показники противірусної 
активності також залежали від методу виявлення. Значення EC50 сульфамідів естерів ніпекотинової та азетидин-3-карбонової кислот, а також 
сульфамідів пара-анізидину та N-Boc-піперазину були близькі до показників препаратів порівняння Ганцикловіру та Цидофовіру, хоча 
досліджувані сполуки мали невисокі хіміотерапевтичні індекси, особливо SI90. При аналізі протиракової активності синтезованих сульфамідів за 
результатами однодозових випробувань була встановлена висока активність похідних на основі заміщених бензиламінів, бензилметил- та 
алілметиламіну, N-Boc-піперазину та раніше синтезованого сульфаміду з фрагментом триптаміну. Найбільш перспективними у якості 
протиракових агентів виявились похідні бензилметил- та алілметиламіну, оскільки окрім активності в цілому вони виявляють високу 
селективність по відношенню до окремих ліній ракових клітин. У порівнянні із цими двома речовинами сульфамід на основі пара-
метоксибензиламіну здатен до ефективного інгібування меншої кількості ліній ракових клітин; хоча середні показники EC50, отримані внаслідок 
п'ятидозових випробувань, для усіх трьох похідних були близькі. 

Ключові слова: гідантоїни; сульфаміди; противірусна активність; протипухлинна активність. 
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Abstract: In the present work, the synthesis of pyrazoline-thiazolidin-4-one hybrids and their pharmacological properties are described. 
The structure of compounds is characterized using 1H, 13C NMR, and LC-MS spectra. The antioxidant (DPPH assay), antimicrobial 
(Gram-positive bacterium Lactobacillus plantarum, Gram-negative bacterium Escherichia coli, and yeasts Candida albicans, MIC 
determination), redox (cyclic voltammetry) as well as herbicidal activity (against grass species Agrostis stolonifera) of compounds have 
been studied. All derivatives have demonstrated radical scavenging activity with IC50 values in the range of 4.67-7.12 mM that were 
measured by the DPPH test. The tested compounds showed very low antimicrobial and herbicidal activity and no redox peaks were 
observed in the cyclic voltammetry studies. 

Keywords: pyrazoline-thiazolidin-4-ones hybrids; DPPH assay; antimicrobial/herbicidal activity; cyclic voltammetry.
 

 
Introduction 

The last decade has witnessed a growing interest in the 
development of redox modulating agents as effective tool in 
therapy oxidative-stress associated processes: cancers, 
diabetes, inflammatory diseases, neurological disorders, and 
others [1-4]. In this context, the structure modified 
thiazolidin-4-one and pyrazoline nucleus are prospective 
molecular platforms for design antioxidants and redox-
modulating agent design [5-8]. For example, the application 
of the mentioned scaffolds is an attractive direction for the 
development of selective modulators of Nrf2 and NF-kB 
transcription factors, that play a key role in the regulation of 
cellular responses to oxidative-stress factors and are 
potential drug targets [9-11]. 

In our early-described researches some types thiazolidin-
4-one hybrids linked through “enamine” linker at C-5 has 
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been synthesized and several compounds been have been 
identified with a high level of antibacterial and antifungal 
[12-14], anticancer and trypanocidal [15], and anti-
inflammatory activity [16] (Figure 1). In our opinion, the  
5-aminomethylidene derivatives have several important 
advantages in synthetic variability and structure 
optimization processes compared to 5-ylidene analogous. 

On the other hand, the pyrazolines possess a wide range 
of biological activities and belong to unsaturated 
heterocycles that can be oxidized to the corresponding 
pyrazoles [17]. These properties are of great interest in the 
design and development of potential redox-active 
compounds as possible pharmacological agents.  

Taking into account the above reasons, the main goal of 
the present work was the design and synthesis of novel 
“enamine”-bearing pyrazoline-thiazolidin-4-one hybrid mo-
lecules and further evaluation of their antioxidant, 
antimicrobial, herbicidal, and redox activities. 

Results and Discussion 

The synthetic design included two key routes  
(Scheme 1). Initially, the derivatives 2a, b were easily 
obtained  using  Holmberg’s protocol (i)  [18]  from  corres- 

© Holota S. M. et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and source are credited. 
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Figure 1. The “enamine”-bearing thiazolidin-4-one hybrids as potential pharmacological agents. 

 

ponding aminobenzoic acids 1a, b. The procedure (ii) [15] 
was used for synthesis 3a, b from obtained derivatives 
2a, b. The convenient synthetic approach [19] starting from 
aromatic aldehyde 4a, b, and acetophenone (iii and iv) was 
used for the synthesis of diarylpyrazolines 6a, b. The target 
pyrazoline-thiazolidin-4-one hybrids 7a-d were synthesized 
in satisfactory yields and purity by reacting compounds 
3a, b and 6a, b under reflux in ethanol for 30-45 min. 

The structures of all synthesized compounds were 
confirmed by 1H, 13C NMR spectroscopy, and LC-MS-
spectrometry. Esterification of the carboxylic group of 
compounds 3a, b under condition ii was observed by the 
appearance of signals from the protons of the ethyl group at 
~ 4.31 (q, J = 6.3 Hz) and ~ 1.31 (t, J = 6.3 Hz) ppm in the 
1H NMR spectra. In the 1H NMR spectra of derivatives 
3a, b and 7a-d the proton signal at C-5 double bond appears 
mainly in the field of aromatic protons, and only for 
derivative 7b it was observed as a singlet at 7.60 ppm. The 
pyrazoline fragment of compounds 7a-d shows the 
characteristic patterns of the AMX system for CH2-CH 
protons.  

The synthesized compounds 7a-d have been evaluated 
for their antioxidant activity in vitro in the DPPH 
(1,1-diphenyl-2-picrylhydrazyl) radical scavenging assay 
[20] in the conditions close to physiological (serial dilutions 
of stock methanol solutions at six concentrations of 1.0, 2.0, 
4.0, 6.0, 8.0, 10.0 mM + Tris-HCl buffer pH = 7.40, 
measurements after 60 min). Ascorbic acid was used as a 
reference compound (standard). The IC50 values have been 
determined for compounds 7a-d as well as ascorbic acid to 
characterize their antioxidant activity (Figure 2). 

As a result, the tested compounds 7a-d have low-
moderate activity in DPPH assay, and the established IC50 

values of the synthesized compounds were: 4.67 mM (7a), 
5.90 mM (7b), 6.05 mM (7c), 7.12 mM (7d), and for 
ascorbic acid IC50 = 0.045 mM. It should be noted that this 
level of antioxidant activity may be more likely associated 
with the presence of phenolic (-OH), and dimethylamino 
groups (-N(CH3)2) in compounds 7a-d than with other 
molecular fragments. Nevertheless, all tested derivatives 
show activity from 8.38 to 13.43 mg/mL that is promising 
for searching for new potential antioxidants among this 
subtype of hybrid molecules. 

Compounds 7a-d were preliminary screened for their 
potential antimicrobial activity against Gram-positive 
bacteria as Lactobacillus plantarum, Gram-negative 
bacteria as Escherichia coli, and yeasts (Candida albicans). 
Antimicrobial activity was evaluated in terms of minimum 
inhibitory concentrations (MICs), and the values were 
compared with standard reference antimicrobial agents 
[21-22]. Overall, the tested compounds showed very low 
antimicrobial activity against the E. coli and C. albicans 
compared to the reference drugs (36.5 µM for ampicillin 
and 38.96 µM for fluconazole), Table 1. Only derivative 7c 
showed activity with MIC value of 1.25 mM against E. coli, 
and derivative 7d showed antifungal activity against  
C. albicans with MIC value of 1.25 mM. It is also worth 
noting that compounds 7a-d were inactive against 
L. plantarum. 

The herbicidal activity of the compounds 7a-d was tested 
against the monocot grass species Creeping bentgrass 
(Agrostis stolonifera). Methanol solutions at the 
concentration  of 1mg/ml of  all compounds  were added  to 
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Scheme 1. Synthesis of target pyrazoline-thiazolidin-4-one hybrids 7a-d. Reagents and conditions: i) 1a, b (10 mmole), CS(SCH2COOH)2 
(10 mmole), С2H5OH:H2O, reflux, 5h; ii) 2a, b (10 mmole), HC(OС2H5)3 (10 mmole), Ac2O, reflux, 3h; iii) 4a, b (10 mmole), 
acetophenone (10 mmole), NaOH (10 mmole); iv) 5a, b (10 mmole), NH2-NH2 (10 mmole), KOH (10 mmole), С2H5OH; v) 3a, b (10 
mmole), 6a, b (10 mmole), С2H5OH, reflux, 2h. 
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Figure 2. The dose-depending DPPH radical inhibition and IC50 values for compounds 7a-d. 

 
the plant seeds and incubated in a minimal medium. Seed 
germination was observed after 3 days, and only compound 
7b inhibited of grass growth by 15 %. No inhibitory effect 
on A. stolonifera was observed in the case of compounds 
7a, 7c, and 7d. 

The redox activity of 7a-d was evaluated by cyclic 
voltammetry technique using stock solutions of compounds 
in methanol (C = 5 mM) with the addition of phosphate 

buffer solution (pH = 6.40). The glassy carbon working 
electrode, a platinum wire counter, and a saturated calomel 
electrode were used, and the measurements were performed 
at 0 min and after 60 min in the potential range from 
-1500 mV to 1500 mV with scan rates between 10 and 
100 mV/s. No redox peaks were observed under mentioned 
experimental conditions in cyclic voltammetry studies for 
tested compounds 7a-d.  
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Table 1. Antimicrobial properties of compounds 7a-d (MICs values) 

Сompounds/ 
Microorganisms E.coli L. plantarum C. albicans 

7a 2.5 mM >2.5 mM >2.5 mM 

7b >2.5 mM >2.5 mM 2.5 mM 

7c 1.25 mM >2.5 mM 2.5 mM 

7d 2.5 mM >2.5 mM 1.25 mM 

Referencesa,b 36.5 µMa 39.8 µMa 38.96 µMb 

- a – ampicillin 
- b – fluconazole 

 
Conclusions 

In the present paper, a synthesis of the series of new 
pyrazoline-thiazolidin-4-one hybrids has been reported. 
The structure of the compounds was confirmed using 1H, 
13C NMR, and LC-MS spectra. All synthesized compounds 
were evaluated for their antioxidant, antibacterial, 
antifungal, herbicidal, and redox properties. The 
synthesized hybrid compounds have promising free radical 
scavenging activities, and obtained results argue to the 
next development of antioxidant agents among these types 
of molecules. 

Experimental section 

General  

Commercial reagents were purchased from Merck and 
used without purification. Melting points were measured in 
open capillary tubes on a BŰCHI B-545 melting point 
apparatus and are uncorrected. The elemental analyses (C, 
H, N) was performed using the Perkin-Elmer 2400 CHN 
analyzer and was within ±0.4% of the theoretical values. 
The 1H and 13C NMR spectra were recorded on a Bruker-
500 spectrometer at 500 MHz and 126 MHz using a 
mixture of DMSO-d6+CCl4 as a solvent and TMS as an 
internal standard. Chemical shift values are reported in 
ppm units with use of δ scale. Mass spectra were obtained 
using electrospray ionization (ESI) techniques on an 
Agilent 1100 Series LCMS. The purity of the compounds 
was checked by thin-layer chromatography performed with 
Merck Silica Gel 60 F254 aluminum sheets. Spots were 
detected by their absorption under UV light. 

Synthesis 

General procedure for the synthesis derivatives 7a-d. 

In a round bottom flask is placed by 0.01 mole of 3a or 
3b and 6a or 6b, add 10 ml of ethanol. The mixture was 
heated at reflux for 2 hours. After cooling, the precipitate 
formed is filtered off and recrystallized from DMF-
ethanol. 

 

Ethyl (Z)-3-(5-(ethoxymethylene)-4-oxo-2-thioxothiazo-
lidin-3-yl)benzoate (3a) 

Yield 52%, mp 163-165 °С. 1H NMR (500 MHz, 
DMSO-d6) δ 7.99 (s, 1H), 7.90 (s, 1H), 7.47-7.55 (m, 2H), 
4.35 (q, J 6.2 Hz, 2H), 4.15 (q, J 6.3 Hz, 2H), 1.35 (t, 
J 6.2 Hz, 3H), 1.15 (t, J 6.3 Hz, 3H). LC/MS m/z 338 
(M+H)+. Anal. Calcd. for C15H15NO4S2: C, 53.40;  
H, 4.48; N, 4.15. Found: C, 53.50; H, 4.60; N, 4.20. 

Ethyl (Z)-4-(5-(ethoxymethylene)-4-oxo-2-thioxothiazo-
lidin-3-yl)benzoate (3b) 

Yield 63%, mp 187-189 °С. 1H NMR (500 MHz, 
DMSO-d6)  7.90 (s, 1H), 7.84 (d, J 8.6 Hz, 2H), 7.69 (d, 
J 8.6 Hz, 2H), 4.35 (q, J 6.2 Hz, 2H), 4.15 (q, J 6.3 Hz, 
2H), 1.35 (t, J 6.2 Hz, 3H), 1.15 (t, J 6.3 Hz, 3H). LC/MS 
m/z 338 (M+H)+. Anal. Calcd. for C15H15NO4S2: C, 53.40;  
H, 4.48; N, 4.15. Found: C, 53.60; H, 4.50; N, 4.30. 

Ethyl (Z)-3-(5-((5-(2-hydroxyphenyl)-3-phenyl-4,5-
dihydro-1H-pyrazol-1-yl)methylene)-4-oxo-2-thioxothiazo-
lidin-3-yl)benzoate (7a) 

Yield 65%, mp 212-214 °С. 1H NMR (500 MHz, 
DMSO-d6) δ 9.53 (s, 1H), 8.10-8.00 (m, 2H), 7.99-7.91 
(m, 2H), 7.69-7.57 (m, 3H), 7.49-7.39 (m, 3H), 7.28-7.22 
(m, 2H), 6.81-6.75 (m, 2H), 5.56 (dd, J 11.3, 7.0 Hz, 1H), 
4.31 (q, J 6.3 Hz, 2H), 4.00 (dd, J 18.4, 11.3 Hz, 1H), 3.51 
(dd,  
J 18.4, 7.0 Hz, 1H), 1.00 (t, J 6.3 Hz, 3H). 13C NMR (126 
MHz, DMSO-d6) δ 186.5, 179.3, 167.2, 164.1, 161.4, 
159.4, 157.2, 154.0, 151.1, 149.4, 142.2, 139.0, 137.4, 
129.7, 128.3, 127.0, 126.2, 121.2, 118.4, 113.9, 92.4, 88.7, 
62.5, 13.4. LC/MS m/z 530 (M+H)+. Anal. Calcd. for 
C28H23N3O4S2: C, 63.50; H, 4.38; N, 7.93. Found: C, 
63.70; H, 4.50; N, 8.00. 

Ethyl (Z)-3-(5-((5-(4-(dimethylamino)phenyl)-3-phenyl-
4,5-dihydro-1H-pyrazol-1-yl)methylene)-4-oxo-2-thioxo-
thiazolidin-3-yl)benzoate (7b) 

Yield 67%, mp 228-231 °С. 1H NMR (500 MHz, 
DMSO-d6) δ 8.00 (dt, J 7.8, 1.4 Hz, 1H), 7.94-7.89 (m, 
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2H), 7.78 (t, J 1.9 Hz, 1H), 7.70-7.59 (m, 2H), 7.60 (s, 
1H), 7.62-7.56 (m, 1H), 7.58-7.51 (m, 1H), 7.41 (s, 1H), 
7.26-7.21 (m, 2H), 6.79-6.73 (m, 2H), 5.57 (dd, J 11.3, 7.1 
Hz, 1H), 4.31 (q, J 6.3 Hz, 2H), 4.00 (dd, J 18.4, 11.3 Hz, 
1H), 3.51 (dd, J 18.5, 7.1 Hz, 1H), 2.90 (s, 6H), 1.31 (t, J 
6.3 Hz, 3H). 13C NMR (126 MHz, DMSO-d6) δ 184.4, 
179.5, 166.5, 163.6, 160.9, 159.5, 156.8, 154.1, 150.5, 
148.5, 141.7, 138.5, 137.1, 129.2, 128.1, 127.3, 125.8, 
120.6, 116.3, 112.6, 91.5, 88.7, 64.4, 35.2, 13.1. LC/MS 
m/z 557 (M+H)+. Anal. Calcd. for C30H28N4O3S2: C, 
64.73; H, 5.07; N, 10.06. Found: C, 64.90; H, 5.20; N, 
10.20. 

Ethyl (Z)-4-(5-((5-(2-hydroxyphenyl)-3-phenyl-4,5-
dihydro-1H-pyrazol-1-yl)methylene)-4-oxo-2-
thioxothiazolidin-3-yl)benzoate (7c) 

Yield 68%, mp 230-232 °С. 1H NMR (500 MHz, 
DMSO-d6)  9.50 (s, 1H), 8.11-8.02 (m, 2H), 7.96-7.89 
(m, 2H), 7.64-7.53 (m, 3H), 7.48-7.38 (m, 3H), 7.25-7.20 
(m, 2H), 6.81-6.74 (m, 2H), 5.56 (dd, J 11.3, 7.0 Hz, 1H), 
4.31 (q, J 6.3 Hz, 2H), 4.00 (dd, J 18.4, 11.3 Hz, 1H), 3.51 
(dd, J 18.4, 7.0 Hz, 1H), 1.05 (t, J 6.3 Hz, 3H). 13C NMR 
(126 MHz, DMSO-d6) δ 184.0, 179.1, 166.8, 162.9, 160.7, 
159.2, 156.8, 153.3, 150.4, 141.5, 138.3, 137.2, 129.7, 
129.4, 128.3, 127.5, 126.9, 113.1, 91.1, 86.5, 64.0, 13.2. 
LC/MS m/z 530 (M+H)+. Anal. Calcd. for C28H23N3O4S2: 
C, 63.50; H, 4.38; N, 7.93. Found: C, 63.80; H, 4.60; N, 
8.10. 

Ethyl (Z)-4-(5-((5-(4-(dimethylamino)phenyl)-3-phenyl-
4,5-dihydro-1H-pyrazol-1-yl)methylene)-4-oxo-2-
thioxothiazolidin-3-yl)benzoate (7d) 

Yield 71%, mp 244-246 °С. 1H NMR (500 MHz, 
DMSO-d6) δ 8.09-8.00 (m, 2H), 7.94-7.88 (m, 2H), 7.65-
7.55 (m, 3H), 7.48-7.38 (m, 3H), 7.26-7.20 (m, 2H), 6.79-
6.72 (m, 2H), 5.56 (dd, J 11.3, 7.0 Hz, 1H), 4.31 (q, 
J 6.3 Hz, 2H), 4.00 (dd, J 18.4, 11.3 Hz, 1H), 3.51 (dd,  
J 18.4, 7.0 Hz, 1H), 2.90 (s, 6H), 1.05 (t, J 6.3 Hz, 3H).  
13C NMR (126 MHz, DMSO-d6) δ 183.7, 178.6, 165.7, 
162.7, 160.1, 158.8, 156.2, 153.7, 150.0, 141.3, 138.1, 
137.0, 129.9, 129.2, 128.1, 127.3, 126.4, 112.6, 90.8, 86.3, 
63.7, 39.0, 13.0. LC/MS m/z 557 (M+H)+. Anal. Calcd. for 
C30H28N4O3S2: C, 64.73; H, 5.07; N, 10.06. Found:  
C, 65.00; H, 5.10; N, 10.30. 

Antioxidant activity (DPPH assay) 

DPPH inhibition was determined by using the protocol 
[20]. The DPPH radical is stable due to the delocalization 
of a spare electron over the molecule, thus preventing 
dimer formation. This radical is used in the DPPH radical 
scavenging capacity assay to quantify the ability of 
antioxidants to quench the DPPH radical. The dark purple 
color of DPPH will be lost when it is reduced to its non-
radical form stable organic nitrogen centered free radical 
with a dark purple color which when reduced to its non-
radical form by antioxidants becomes colorless. DPPH 
radicals are widely used in the model system to investigate 
the scavenging activities of several natural compounds. 
When the DPPH radical is scavenged, the color of the 

reaction mixture changes from purple to yellow with 
decreasing of absorbance at wavelength 517 nm. The stock 
solutions of compounds were prepared in mixture 
methanol + Tris-HCl buffer pH = 7.40. Then 1 mL of 
DPPH (8 mg/100 mL of methanol) solution was added to 
the sample and the blank. This setup was left at room 
temperature for 30 min (vortexed in between). Absorbance 
was taken at 517  nm against the ethanol by using UV-
1800 spectrophotometer (Shimadzu, Japan). Each sample 
was analyzed in triplicate. The percentage of inhibition 
was calculated against blank:  

I% = (Ablank - (Asample + dpph - Asample))/Ablank × 100%, 

where Ablank – is the absorbance of the control reaction 
(containing all reagents except the tested compounds); 
Asample+dpph – is the absorbance of the tested compounds 
after 60 min incubation with DPPH solution;  
Asample – is the absorbance of the tested compounds without 
DPPH solution. 

Antimicrobial activity  

The minimal inhibitory concentrations (MICs) were 
determined by the standard microdilution method in 
cation-adjusted Mueller-Hinton II Broth (MHB, Becton-
Dickinson, Germany) according to the recommendations 
of the Clinical and Laboratory Standard Institute. The 
tested compounds were evaluated for their antimicrobial 
activity against Gram-positive bacteria (L. plantarum), 
Gram-negative bacteria (E. coli), and yeasts (C. albicans). 
Ampicillin was used as a reference antibacterial agent and 
fluconazole as antifungal one. A representative colony was 
lifted off with a wire loop and placed in 5 mL of nutrient 
broth medium, which was then incubated with shaking at 
37 °C for 5 h. Then, 1×106 cells/mL were suspended in a 
nutrient broth medium to generate the working suspension. 
Different concentrations of peptides were prepared in a  
96-well plate using nutrient broth medium, and each well 
contained 100 µL compound solutions. A 100-µL cell 
working suspension was then added to each well. The plate 
was incubated at 37 °C for 24 h, and the optical density 
(OD) of each well was then measured at 600 nm after 
gently shaking the plate for 10s using a Hybrid Multi-
Mode Microplate reader (BioTek, Synergy H4). Wells 
containing medium only (blank) and wells containing cells 
in medium without peptides (positive control) were 
included on the same plate. The values of MIC were 
recorded after 20 h and 24 h of incubation with the 
compounds for bacteria and yeasts, respectively. 
Experiments were performed in triplicate and on three 
different occasions (i.e., a total of nine repeats for each 
individual measurement). 

Herbicidal activity - Herbicidal Pre-emergence Test 

Seeds of A. stolonifera (JuliwaHESA, Heidelberg, 
Germany) were placed into the wells of a 96-well 
microtiter plate (Sarstedt, Nümbrecht, Germany). A 
solution containing 2.2 g/l Murashige & Skoog plant salts 
(Serva, Heidelberg, Germany)  and  1.6  g/l Gamborg’s B5 
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plant medium (Serva, Heidelberg, Germany) was added to 
the wells. The stock solutions in concentration 1 mg/ml in 
methanol were prepared for compounds 7a-d and were 
added to the wells. Identical volumes of methanol without 
compounds were used as a toxicity test of the organic 
solvent. The solution containing the plant medium was 
used as a negative control. The plate was closed and 
incubated at room temperature under constant light (Osram 
Fluora lamp) in a humidity chamber. After 3 days of 
incubation, the plate lid was removed and a container with 
tap water was placed inside the chamber for increasing the 
air humidity. The plate was incubated up to 6 days. Three 
technical replicates were performed. 

Voltammetric parameters and electrochemical cells 

Voltammetric experiments were performed using BAS 
100W Potentiostat.A glassy carbon (GC) (A = 0.07 cm2) 
was used as working electrode. Pt wire and saturated 
calomel electrode (SCE) were used as counter and 
reference electrodes. Before each experiment, the surface 
of GCE was polished with diamond spray (particle size 1 
µm) followed by thorough rinsing with distilled water. All 
the voltammetric experiments were conducted in a high 
purity nitrogen atmosphere at room temperature 
(25 ± 1 °C) potential range from -1500 mV to 1500 mV, 
scan rates between 10 and 100 mV/s; stock solutions in 
methanol  
C = 5 mM, PBS pH = 6.40; measurements at 0 and after  
60 min. For reproducible experimental results, the polished 
working electrode was used to place in the desired 
electrolyte solution followed by recording of various 
voltammograms until the achievement of steady state 
baseline. 
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Синтез нових піразолін-тіазолідин-4-онових гібридних молекул та  
оцінка їх біологічної активності 

C. M. Голота1,2* 

1 Львівський національний медичний університет імені Данила Галицького, вул. Пекарська, 69, Львів, 79010, Україна 
2 Волинський національний університет імені Лесі Українки, просп. Волі, 13, Луцьк, 43025, Україна  

Резюме: Протягом останніх десятиріч гібридні молекули на основі піразолінових та тіазолідин-4-онових каркасів є об’єктом інтенсивних 
досліджень в медичній хімії як джерело потенційних біологічно активних сполук із широким фармакологічним профілем. В даній роботі 
запропонований та представлений ефективний підхід до синтезу піразолін-тіазолідин-4-онових гібридних молекул з єнаміновим лінкером у 
молекулах. Структура синтезованих сполук підтверджена з використанням методів 1H-, 13C-ЯМР спектроскопії та РХ-МС-спектрометрії. Для 
всіх сполук досліджена антиоксидантна (DPPH метод), протимікробна (по відношенню до грам-позитивних Lactobacillus plantarum, грам-
негативних Escherichia coli та грибів Candida albicans, визначення МІК), редокс (метод циклічної вольтметрії) та гербіцидна активності (по 
відношенню до Agrostis stolonifera). Всі тестовані сполуки продемонстрували здатність інгібувати радикали в умовах DPPH-тесту з IC50 в 
межах 4.67-7.12 mM. Отримані результати скринінгу антирадикальної активності є аргументом для поглиблених досліджень із застосуванням 
додаткових/альтернативних експериментальних моделей, а також оптимізації молекулярної структури. Всі тестовані сполуки проявили низьку 
протимікробну та гербіцидну активності, а також не володіють редокс-властивостями. 

Ключові слова: піразолін-тіазолідин-4-онові гібриди; метод DPPH; протимікробна/гербіцидна активність; циклічна вольтметрія.
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In vitro and in silico study of 1,3-oxazol-4-yltriphenylphosphonium salts 
as potential inhibitors of Candida albicans transglycosylase 

Ivan V. Semenyuta*, Maria M. Trush, Diana M. Hodyna, Maryna V. Kachaeva,  
Larysa O. Metelytsia, Volodymyr S. Brovarets 

V.P. Kukhar Institute of Bioorganic Chemistry and Petrochemistry of the NAS of Ukraine, 1 Murmanska St., Kyiv, 02094, Ukraine 

 

Abstract: The previously established in vitro high antimicrobial activity of triphenylphosphonium salts (TPPs) against bacterial 
(Staphylococcus aureus ATCC 25923 and multi-drug resistant (MDR)) and fungal (Candida albicans ATCC 10231 and MDR) strains 
made it possible to propose a molecular mechanism of action of these compounds associated with transglycosylase (TG) activity. The 
hypothesis was based on the well-known literature data on TPPs as inhibitors of S. aureus TG. The created homology model of TG  
C. albicans is optimal in terms of quality indicators such as GMQE (0.61), ERRAT (overall quality factor 95.904) and Ramachandran plot 
analysis (90% amino acid residues in the favored regions). The modeling of molecular docking of the most active ligands 1a-d, 3c into the 
active center of the created homology C. albicans TG model demonstrated the formation of stable ligand-protein complexes with 
calculated binding energies from -8.9 to -9.7 kcal/mol due to the various types of interactions. An important role in complex formation 
belongs to amino acid residues TYR307, TYR107, GLU275, ALA108 and PRO136. The presented qualitative homologous model of C. 
albicans TG can be used to search and create new agents with a dual mechanism of antimicrobial action. 1,3-oxazol-4-
yltriphenylphosphonium salts 1a-d, 3c are the perspective objects for further study as antimicrobials against infectious MDR pathogens. 

Keywords: transglycosylase; triphenylphosphonium salts; 1,3-oxazole; Candida albicans; Staphylococcus aureus.
 

 
Introduction 

Hospital infections, which often lead to systemic damage 
and mortality in patients with various types of diseases, are 
an important problem in the modern healthcare system [1]. 
The increase in the number of hospital infections is directly 
related to patients with reduced immunity of various 
etiologies. The rapid development of multidrug resistance in 
most microbial pathogens is the main motivation for the 
rapid development and creation of drugs with new 
alternative molecular mechanisms of action [2]. It is known 
that bacterial TG are used as a promising target for the 
development of new antimicrobial drugs [3-4]. On the other 
hand, such antifungal agents as caspofungin, anidulafungin  
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and micafungin are inhibitors of 1,3-beta-glucan synthase 
(EC 2.4.1.34) from the transglycosylase family and 
participate in the formation of the main component of the 
fungal cell wall - beta-1,3-glucan polymer [5-6]. 

Many transglycosylases inhibitors are known as drugs or 
antibiotics. There is evidence about echinocandins as 
inhibitors of fungal β-1,3-glucan synthases [6], ethambutol 
as an inhibitor of mycobacterial arabinotransferases [7], 
moenomycin as an inhibitor of peptidoglycan 
glycosyltransferases [8] and niccomycins as inhibitors of 
chitin synthases [9]. Phosphonium salts have also 
demonstrated transglycosylase activity as antimicrobial 
agents against methicillin-resistant S. aureus [10]. Analysis 
of the structure-activity relationship of salts in the online 
chemical database ChEMBL confirmed this fact as well 
[11]. As pharmacological agents, a number of phosphonium 
salts have shown high activity against parasites of the genus 
Leishmania [12], Trypanosoma brucei [13], Trypanosoma 
cruzi [14] and Schistosoma mansoni [15]. Particular interest 
in the TPPs is due to a number of other unique properties. 
They can act as intracellular antioxidants [16], 
acetylcholinesterase inhibitors [17], chemotherapeutic  
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agents [18], some studies have demonstrated the 
antiglycemic properties and antiproliferative activity of 
phosphonium salts [19, 20].  

In our work, the results of in silico and in vitro studies of 
a number of 1,3-oxazol-4-yltriphenylphosphonium salts are 
presented as effective antimicrobial agents with a high 
activity potential against bacterial and fungal strains with a 
special type of molecular action. 

Results and discussion 

The synthesis of 5-amino- and 5-sulfanyl-1,3-oxazol-4-
yl(triphenyl)phosphonium salts 1-4 was based on 
convenient approaches developed by B. S. Drach and 
coworkers [21-23]. 5-Alkylsulfanyl-1,3-oxazol-4-
yl(triphenyl)phosphonium iodides 1a-d were synthesized 
from available 1-acylamino-2,2-dichloroethenyl 
(triphenyl)phosphonium chlorides A of the general formula 
Cl2C=C(NHC(O)Ar)P+Ph3Cl- [21] by the reaction with 
sodium hydrosulfide followed by alkyl iodide treatment 
[21] (Scheme 1). 

 

Scheme 1. Synthesis of 5-аlkylsulfanyl-1,3-oxazol-4-
yl(triphenyl)phosphonium iodides 1a-d. 

For the synthesis of 5-(4-chlorophenylsulfanyl)-2-(4-
methylphenyl)-1,3-oxazol-4-yl(triphenyl)phosphonium 
perchlorate (2) 2,2-dichloro-1-((4-methylbenzoyl)amino) 
ethenyl(triphenyl)phosphonium chloride A was converted 
into the corresponding ylide betaine B. The reaction of 
compound B with methyl iodide with subsequent hydrogen 
peroxide oxidation and sodium perchlorate treatment leads 
to 5-mesyl-substituted 1,3-oxazol-4-yl(triphenyl)-
phosphonium chloride C. By the substitution of mesyl 
group with sodium 4-chlorobenzenethiolate we obtained 
compound 2 [22] (Scheme 2).  

Interaction of the 1-acylamino-2,2-dichloroethenyl-
(triphenyl)phosphonium chlorides A with amines leads to 
formation of 5-amino-1,3-oxazol-4-yl(triphenyl)-
phosphonium chlorides converted to the corresponding 
phosphonium iodides or perchlorates 3a-e [21, 24] 
(Scheme 3). Cyclization of urea derivatives D with 
morpholine leads to 2-anilino-5-morpholino-1,3-oxazol-4-
yl(triphenyl) phosphornium perchlorate (4) [23] (Scheme 
4). 

 
Scheme 2. Synthesis of 5-(4-chlorophenylsulfanyl)-2-(4-
methylphenyl)-1,3-oxazol-4-yl(triphenyl)phosphonium 
perchlorate (2). 

 
Scheme 3. Synthesis of 5-aminosubstituted 2-aryl-1,3-oxazol-4-
yl(triphenyl)phosphonium iodides or perchlorates 3a-e. 

 
Scheme 4. Synthesis of 2-anilino-5-morpholino-1,3-oxazol-4-
yl(triphenyl)phosphonium perchlorate (4). 

Earlier, we have obtained and published the results of in 
silico and in vitro studies of a number of TPPs as effective 
antimicrobial agents against S. aureus and C. albicans, 
including against their clinical drug-resistant  isolates [25, 
26], presented in Table 1. 

Table 1 demonstrates that salts 1a-d, 3с are the most 
active against both bacterial S. aureus and fungal C. 
albicans strains. It is important to note the high 
antimicrobial potential of these compounds against clinical 
drug-resistant strains. Many authors associate the anti-
staphylococcal potential of TPPs with their transglycosylase 
activity [10]. A similarly high potential was noted in our  
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Table 1. Antimicrobial activity of TPPs.  

Compound 
Antibacterial activity* Antifungal activity* 

S. aureus 
ATCC 25923 

S. aureus 
MDR 

C. albicans 
ATCC 10231 

C. albicans 
MDR 

1 38,7±0,3 32,3±0,3 36,0 ± 0,3 30,3 ± 0,3 

2 34,3±0,9 31,0±0,9 35,3 ± 0,9 30,0 ± 0,6 

3 34,7±0,6 34,7±0,6 36,7 ± 0,3 37,3 ± 0,6 

4 37,3±0,6 34,7±0,6 29,3 ± 0,6 31,3 ± 0,3 

5 20,3 ± 0,3 34,3±0,6 22,0 ± 0,3 17,0 ± 0,6 

6 32,3±0,6 24,3±0,3 14,3 ± 0,3 15,3 ± 0,3 

7 30.3±0.6 28.3±0.3 22,3 ± 0,3 21,0 ± 0,3 

8 35.0±0.6 31.3±0.3 38,0 ± 0,9 34,7 ± 0,3 

9 36.3±0.9 32.0±0.3 25,7 ± 0,3 27,0 ± 0,6 

10 20,7±0,3 19,3±0,3 21,3 ± 0,3 16,0 ± 0,3 

11 27,5±0,3 22,0±0,6 18,0 ± 0,3 14,0 ± 0,6 

Fluconazole - - 21,6±0,3 n/a 

Ampicillin 29,0±0,6 n/a - - 

Oxacillin 30,3±0,3 n/a - - 

Ceftriaxone 11,3±0,6 n/a - - 

 
work against the fungi (Table 1). Hence, it was possible to 
assume a similar target-oriented molecular mechanism of 
TPPs action. Based on this hypothesis, we conducted in 
silico studies including the creation of a homology model  
C. albicans TG. 

A preliminary search of amino acid sequences associated 
with C. albicans TGs was conducted by the SWISS-
MODEL template library. 1726 templates were created, 
from which the 5oa6.1.A template with 48.65% sequence 
identity was selected and a homology model was built. The 
created model (Figure 1) is the most optimal considering 
the resolution (1.94Å) and the estimation quality QMEAN 
(-1.75), GMQE (0.61). 

At the next stage, the quality of the homology model was 
assessed using the online resources ERRAT and 
PROCHECK-web server data analysis has been also 
confirmed the 3D model structure TG good quality using 
Ramachandran plot analysis (Figure 2). Ramachandran plot 
results indicated that 90.0 % of the amino acid residues 
were distributed in the favored regions, 9.5 % – in the 
additionally allowed regions, 0.3 % – in the generously 
allowed regions and only 0.3 % – in the disallowed regions.  

Thus, the created 3D structure of TG С. albicans has 
good stereochemically quality and was used for molecular 
docking. Molecular docking of ligands 1a-d and 3c, as the 
most active antimicrobials, was carried out into the active 
site of the created homology C. albicans TG model (Figure 
3, 4). Ligand-protein complex formation of the studied 

TPPs was provided by various types of interactions (Table 
2). 

Thus, the formation of ligand-protein complexes is 
accompanied by estimated binding energies in a certain 
range from -8.9 to -9.7 kcal/mol (Table 2). The ligand-
protein complexes were stabilized through strong hydrogen 
bonds (2.59-2.75 Ǻ), electrostatic (3.38-4.55 Ǻ) and 
hydrophobic (3.94-5.26 Ǻ) interactions. The amino acid 
residues TYR307, TYR107, GLU275, ALA108 and 
PRO136 play a key role in this complexation. 

Conclusions 

Thus, we have experimentally established the presence 
of high antibacterial and antifungal activity of TPPs 1a-d, 
3с, including the activity against drug-resistant clinical 
isolates obtained from biomaterial. The formation of stable 
ligand-protein complexes is provided by strong hydrogen 
bonds between amino acid residues and the oxazole ring of 
the ligands. The triphenylphosphonium group also plays a 
special role in the stabilization of the complexes. Other 
substituents in the structure of salts also form a number of 
electrostatic (3.38-4.55 Ǻ) and hydrophobic interactions 
(3.94-5.26 Ǻ). 

Thus, a qualitative homology model of C. albicans TG 
can be used as a tool for the successful construction of new 
agents with the double antimicrobial action mechanism. 
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Figure 1. Quality assessment of the created homology model TG C. albicans. a) QMEAN quality plot of the homology model; b) the 3D 
profile of subunit A TG verified by using ERRAT server. 

Table 2. Docking results of ligands 1a-d, 3c into TG С. albicans active sites. 

Compound ∆G, 
kcal/mol 

Hydrogen bonds Electrostatic interaction Hydrophobic interactions 

1a ̶  9.2 TYR307 (2.59Ǻ) 
GLU275 (3.61Å), 
GLU275 (3.38Å), 
GLU176 (4.12Å) 

TYR307 (5.20Ǻ), TYR107 (4.41Ǻ), 
TYR244 (4.92Ǻ), TYR307 (5.18Ǻ), 
TYR107 (5.18Ǻ), TYR107 (3.94Ǻ), 
ALA108 (5.27Ǻ), PRO136 (4.45Ǻ), 
PRO136 (4.60Ǻ) 

1b ̶  9.3 TYR307 (2.65Ǻ) 

TYR307 (3.60Ǻ), 
TYR307 (3.38Ǻ), 
GLU275 (4.12Ǻ), 
TYR107 (4.08Ǻ) 

GLU275 (5.20Ǻ), TYR107 (4.41Ǻ), 
TYR107 (3.96Ǻ), ALA108 (5.22Ǻ), 
PRO136 (4.35Ǻ), PRO136 (4.53Ǻ) 

1c ̶  8.9 TYR307 (2.75Ǻ) 
GLU275 (3.64Ǻ), 
TYR107 (3.94Ǻ) 

TYR244 (4.89Ǻ), TYR307 (5.26Ǻ), 
TYR107 (4.41Ǻ), TYR107 (3.97Ǻ), 
ALA108 (5.26Ǻ), PRO136 (4.32Ǻ), 
PRO136 (4.55Ǻ) 

1d ̶  9.1 TYR307 (2.76Ǻ) 
GLU275 (3.58Ǻ), 
TYR107 (4.00Ǻ) 

TYR307 (5.25Ǻ), TYR107 (4.39Ǻ), 
ALA108 (5.22Ǻ), PRO136 (4.29Ǻ), 
PRO136 (4.54Ǻ) 

3с ̶  9.7 TYR307 (2.74Ǻ) 
GLU275 (3.70Ǻ), 
GLU275 (4.99Ǻ), 
ARG142 (4.55Ǻ) 

TYR307 (5.05Ǻ), TYR107 (4.88Ǻ), 
TYR107 (5.10Ǻ), PRO136 (5.21Ǻ), 
PRO136 (5.16Ǻ) 



I. V. Semenyuta, M. M. Trush, D. M. Hodyna et al. 

29 
 

 
 

 

Figure 2. Quality assessment of the created homology model TG C. albicans. Ramachandran plot analysis of the stereochemical quality of 
TG model generated by PROCHECK validation server. 
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Figure 3. Molecular docking of the ligands 1a-d into the active site of TG C. albicans. 

 

Figure 4. Molecular docking of the ligand 3с into the active site of TG C. albicans. 
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1,3-oxazol-4-yltriphenylphosphonium salts 1a-d, 3с are 
promising candidates for the development of new 
antimicrobials against infectious pathogens MDR S. aureus 
and C. albicans. 

Experimental section  

General chemistry methods 

Melting points were determined on a Fisher-Johns 
apparatus. IR spectra were recorded on a Vertex-70 
spectrometer from KBr pellets. 1H and 13C NMR spectra 
were recorded on Varian Mercury 400 (400 MHz) and 
Bruker Avance DRX 500 (500 and 125 MHz, respectively) 
spectrometers in (CD3)2SO or CDCl3 taking its residual 
protons signal as a standard. LCMS analysis was performed 
on an Agilent 1200 Series system equipped with a diode 
array and a G6130A mass-spectrometer (atmospheric 
pressure electrospray ionization). Combustion elemental 
analysis was performed in the V.P. Kukhar Institute of 
Bioorganic Chemistry and Petrochemistry of the NAS of 
Ukraine analytical laboratory. 

The structure of investigated 1,3-oxazole derivatives 1a-
d [26, 27], 2 [27, 22], 4 [28], 3a [29, 30], 3b,c [21], 3d [26] 
and 3e [24] have been confirmed by NMR (1H and 
13C NMR), IR spectroscopy, chromato-mass and elemental 
analysis and corresponded to previously described. 

Biology 

The antimicrobial activity of the studied 
triphenylphosphonium salts (TPPs) was estimated against 
C. albicans (ATCC 10231 and fluconazole-resistant clinical 
isolate) and S. aureus (ATCC 25923 and multi-drug (MDR) 
resistant clinical isolate) received from the Museum of 
Microbial Culture Collection of the P.L. Shupyk National 
Medical Academy of Postgraduate Education. 

Antimicrobial properties were determined by the disc 
diffusion method in Mueller-Hinton and Sabouraud agar 
[31]. A final inoculum concentration of 1•105 colony-
forming unit (CFU) per mL was established using a  
0.5 McFarland turbidity standard and subsequent dilution of 
0.02 ml of the tested compounds was applied on standard 
paper disks (6 mm) which were placed on the agar plate. 
The compound content on a disk was 0.3 µM. The known 
antifungal Fluconazole and antibacterial Ampicilline, 
Oxacilline and Ceftriaxone were used as positive controls. 

The activity of tested compounds was identified by 
measuring the zone diameter of the growth inhibition, 
which indicates the degree of susceptibility or resistance of 
all microbial pathogens against the test compounds. The 
compounds, which formed zones > 15 mm of growth 
inhibition of microorganisms, were selected as active. 

Homology modeling 

Homology modeling of the aminoacid sequence of C. 
albicans TG (UniProt: C4YFM5) [32] was performed using 
web server SWISS-MODEL [33]. First, a preliminary 
search for evolutionarily related aminoacids sequences was 

performed using the SWISS-MODEL template library. 
Search and analysis of structures homologous to C. albicans 
TG were performed using the methods of BLAST [34] and 
HHBlits [35]. Templates for building a homology model 
were selected based on the overall rating of the created 
templates. The quality of the created homology model of  
C. albicans TG was estimated using internal methods of 
testing the web server SWISS-MODEL [36] and web 
servers ERRAT [37] and PROCHECK [38]. 

Molecular docking 

The created homology model of C. albicans TG was 
used for docking studies. AutoDock Tools (ADT) 1.5.6 [39] 

was used to prepare the protein and ligands. All polar 
hydrogens were added to the protein molecules by ADT. 
The renumbering of all atoms with included new hydrogen 
atoms were performed by the noBondOrder method. The 
Gasteiger method was applied for the calculation and 
addition of partial charges. The made protein and ligands 
were saved in PDBQT format. The ChemAxon Marvin 
Sketch 5.3.735 program [40] was used to create, optimize 
and save the ligand structures in Mol2 format. The ligands 
optimization and energy minimization were performed by 
Avogadro v1.1.1 [41] using an auto-optimization tool by 
applying MMFF94s force field with the steepest descent 
algorithm. The partial charges and torsion angles of the 
ligands were altered by ADT and saved in PDBQT format. 
Docking was performed by AutoDock Vina 1.1.2 program 
[42]. The grid map (30*30*30 points) with a grid spacing of 
1Å was used. The analysis and visualization of protein-
ligand interactions were conducted by Accelrys DS 4.0 
[43]. 
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In vitro та in silico дослідження 1,3-оксазол-4- ілтрифенілфосфонієвих солей як 
потенційних інгібіторів трансглікозилази Candida albicans 

І. В. Семенюта*, М. М. Труш, Д. М. Година, М. В. Качаєва, Л. О. Метелиця, В. С. Броварець 

Інститут біоорганічної хімії та нафтохімії ім. В.П. Кухаря НАН України, вул. Мурманська, 1, Київ, 02094, Україна 

Резюме: У роботі запропоновано новий потенційний молекулярний механізм дії 1,3-оксазол-4-ілтрифенілфосфонієвих солей як інгібіторів 
трансглікозилази. За результатами біологічних досліджень встановлено високий антимікробний потенціал досліджених солей трифенілфосфонію 
як проти бактеріальних (Staphylococcus aureus ATCC 25923 та мультирезистентний), так і проти грибкових (Candida albicans ATCC 10231 та 
мультирезистентний) штамів. Отримані експериментальні дані щодо їх антимікробної активності дозволили запропонувати молекулярний 
механізм дії цих сполук, пов'язаний з трансглікозилазною активністю. В основу гіпотези було покладено результати аналізу «структура-
активність» солей трифосфонію в онлайн хімічній базі ChEMBL, а також за відомими літературниими джерелами щодо антимікробної активності 
солей як інгібіторів трансглікозилази S. aureus. Створена гомологічна модель трансглікозилази C. albicans продемонструвала високі показники 
якості та була використана для молекулярного докінгу. Молекулярний докінг найбільш активних лігандів 1a-d, 3с в активний центр створеної 
гомологічної моделі C. albicans засвідчив утворення стабільних ліганд-білкових комплексів з ∆G в діапазоні від -8,9 до -9,7 ккал/моль шляхом 
формування різних типів взаємодій. Представлена якісна гомологічна модель трансглікозилази C. albicans може бути використана для пошуку та 
створення нових агентів з подвійним механізмом антимікробної дії. Солі 1,3-оксазол-4-ілтріфенілфосфонію 1a-d, 3с є перспективними об’єктами 
для подальшого вивчення в якості антимікробних засобів проти мультирезистентних інфекційних збудників. 

Ключові слова: трансглікозилаза; трифенілфосфонієві солі; 1,3-оксазол; Candida albicans; Staphylococcus aureus. 
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In silico study the interaction of heterocyclic bases with peptide moieties 
of proteins in “fragment-to-fragment” approach 

Yevheniia S. Velihina1, Nataliya V. Obernikhina2*, Stepan G. Pilyo1, Maryna V. Kachaeva1,  
Oleksiy D. Kachkovsky1 

1V. P. Kukhar Institute of Bioorganic Chemistry and Petrochemistry of the NAS of Ukraine, 1 Murmanska St., Kyiv, 02094, Ukraine 
2O. O. Bogomolets National Medical University, 13 Shevchenko Blvd., Kyiv, 01601, Ukraine 

 
Abstract: The binding affinity of model peptide moieties (Pept) and heterocyclic bases involving 1,3-oxazoles that are condensed with 
pyridine and pyrimidine as pharmacophores (Pharm) was investigated in silico and analyzed within the “fragment-to-fragment” approach. 
The anellation of the heterocyclic rings increasing their acceptor properties is accompanied by gaining stability of the [Pharm-Pept] 
complexes formed by the ,-stacking interaction. It was found that elongation of the polypeptide chain led to a twofold increase of the 
stabilization energy of the [Pharm-Pept] complexes. The stability of the hydrogen bonding ([HB]) [Pharm-BioM] complexes formed by 
means of the interaction between the dicoordinated nitrogen atom of the heterocycle and the functional groups of peptide amino acids  
(-OH, -NH2, -SH) was evaluated. It was demonstrated that [HB]-complexes that were formed by hydrogen bonds formation with amino 
acid that contained OH groups had the largest stabilization effect. The anellation with pyridine and pyrimidine rings led to stability 
increase of the complexes formed by the hydrogen bonding mechanism. The binding energy of [HB]-complexes for compounds 2b and 3 
with a "free" peptide bond of the extended part of the protein is lower compared to amino acids with OH-functional groups. On the 
contrary, the binding energy of compound 4 with peptides was 2 kcal/mol higher. Compound 4 demonstrated the most pronounced 
biological activity in vitro studies. 

Keywords: fragment-to-fragment approach; peptide bond; biological affinity; [Pharm-BioM] complex; ,-stacking interaction; hydrogen 
bonding.

 
 
Introduction  

The heterocyclic ring systems containing both nitrogen 
and oxygen, such as substituted 1,3-oxazoles, are very 
suitable for use in drug design and library design, which has 
allowed the introduction of a number of novel pharma-
cological agents in medical practice (see for example 
reviews [1-2]). The 1,3-oxazoles with branched conjugated 
systems have revealed higher biological activity including 
antibacterial and antiviral activities [3-4], and multiple drug 
resistance pump inhibition [5-6].  
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It was found that these compounds can be considered as 
a promising component in the development of new 
biologically active substances that exhibit antitumor activity 
in a strong dependence on the nature of the substituents in 
the heterocycle [7-10]. This has enabled the wide 
introduction of novel pharmacological remedies in clinical 
practice [11-12]. The QSAR models have been developed 
for a large series of 1,3-oxazole derivatives showing 
inhibitory effect on some cancer cell lines and 
demonstrating a good correlation between many descriptors 
and biological activity [14]. 

Determination of a mechanism of multiple ligand 
binding affinity for amino acids in binding and regulatory 
proteins is currently an actual task for researches. Binding 
cavities on protein surfaces are important for protein 
function because they are usually the sites at which a 
protein binds to other biological macromolecules such as 
other proteins and nucleic acids, or small molecules such as 
metabolites and pharmacophores [15]. 

 

© Velihina Y. S. et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and source are credited.  
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Table 1. Chemical structures of the compounds 1-2(a-c) and 3-6. 

Compd  N

X
(Z) (Z)

 

N

X

(Z)

 N

N

O

(Z)

 N

NN

O  
H3C N

CH3

O

H  
H3C N

O

H

N
CH3

H

O  
1 2 3 4 5 6 

X=NH a a - - - - 

X=O b b - - - - 

X=S c c - - - - 

 

Therefore, in order to minimize energy of formation of 
the Pharmophore Biomolecule ([Pharm-BioM]) complex, 
structure and electronic properties of the pharmacophore 
should be as close as possible to the corresponding real 
protein cavities [16]. The interaction between ligands and 
proteins usually induces changes in structure and 
conformational flexibility of the protein. These 
modifications are due to the coupling of unfolding with 
binding equilibrium [17-18]. In this regard, it could be 
expected that modifications in protein stability correlate 
with changes in the protein packaging caused by ligand-
pharmacophore binding due to various types of bond 
formation, including the formation of a pharmacophore-
ligand bond with a “free” peptide bond, not untwisted part 
of the protein. 

Over the past two decades, the Fragment-Based Drug 
Discovery (FBDD) strategy has been considered in the 
pharmaceutical industry as a successful key technology for 
early-stage drug discovery and development [19-20]. This 
strategy consists of screening low molecular weight 
compounds (pharmacophores) against macromolecular 
targets (usually proteins) of clinical relevance. Previously, 
the “fragment-to-fragment” approach has been used for 
studying interactions between oxazole and its derivatives 
with aromatic acid residues in the protein molecule in 
[Pharm-BioM] complexes formed on the basis of the  
,-stacking interactions [21-23]. The oxazole cycle 
contains two-coordinated nitrogen atom with a lone electron 
pair (LEP); therefore, it can be considered as a donor center 
for the formation of [Pharm-BioM] complex with amino 
acid residues of proteins such as lysine, arginine and 
histidine by the mechanism of hydrogen bonds interaction. 

This paper presents the results of in-silico studies of the 
stability of the [Pharmophore-Peptide] complex formed 
between peptide moieties in a model protein and 
heterocycles as pharmacophores using the “fragment-to 
fragment” approach. 

Materials and calculation method 

It was found that oxazole derivatives demonstrated their 
biological activity [24-26] associated with their ability to 
form a stable [Pharm-BioM] complex. The oxazole mole-

cule has two distinctive features: 1) it contains a branched 
-system, therefore, it can form a complex due to the  
,-stacking interactions with suitable conjugated 
fragments of biomolecules; 2) it contains the dicoordinated 
nitrogen atom with the LEP and, therefore, can form the 
complex due to a hydrogen bond when this atom is a proton 
acceptor. Then, in this paper, the possible expansion of the 
conjugate system and the increase the number of the LEPs 
in the anellated compounds 1-4 were investigated. Of 
course, the real pharmacophore molecules contain both the 
conjugated and non-conjugated substituents. However, in 
this study, only the heterocyclic moieties will be 
considered.  

Regarding the polypeptide chain, only the model 
molecules containing one and two peptide bonds are studied 
(Table 1, structures 5 and 6).  

The double bond of the >C=O group and the LEP of the 
nitrogen atom form a short conjugated system, while the 
LEPs of the oxygen atom could take part in the formation of 
hydrogen bonds with hydrogen atoms. So, here we will 
consider only the complex of molecules 1-4 with model 
molecules 5, 6 formed by the ,-stacking interactions and 
hydrogen bonds. 

The main characteristics of the electron structure 
(optimized molecular geometry, charge distribution, 
energies and shapes of molecular orbitals) were calcu- 
lated by DFT [wB97XD/6-31G(d.p.)] method (package 
GAUSSIAN 03 [27]). 

Results and Discussion 

Possible interaction compounds 1-4 and its derivatives 

with the peptide bonds  

According to theoretical conception, the capacity of the 
organic molecules to form stable complex with bio-
molecules is essential condition of the biological activity; it 
is designated as its affinity or biological affinity [28-29]. 
Then, pharmacophore [Pharm] and biological molecule 
Peptide [Pept] form the stable complex [Pharm-Pept]: 
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The complex stability depends on the electronic 
environment of both components. We supposed that the 
complex and its component are neutral and hence no 
electron redistribution between the components upon 
complexation occurs [30]. Stabilization energy of the 
complex (or binding energy Ebind) was estimated as the 
difference of the total energies of the complex its 
components: 

 
Ebind = E[Complex] – E[Comp 1] – E[Comp 2]                                 (1) 
 
 
where E[Complex] is energy of the optimized complex, while 
E[Comp 1] and E[Comp 2] are energies of both optimized 
components.  

Recently, the “fragment-to-fragment” approach was 
proposed [22-23], which could be considered as the next 
step in silico modeling. It divides the total interaction into 
the particular components and hence enables estimating the 
interaction energies between fragments by the more correct 
non-empirical quantum-chemical methods, i.e. it taken into 
consideration the chemical and electronic structures of the 
complex and those of the both components. 

In this paper, the so-called hydrophobic interaction is not 
considered. It should also be noted that the formation of 
conformational formations of the polypeptide chain is 
accompanied by the stabilization of protein structures 
through the formation of hydrogen bonds between  
-NH•••O=C peptide fragments. In the helix, then, the 
peptide bonds that form the protein conformation do not 
interact effectively with the pharmacophore molecules. 
Pharmacophores can form complexes only with “free” 
peptide bonds of the untwisted part of the protein. 

Generally, the stack interaction between two -electron 
systems A (Pharmacophore) and B (Biomolecule) is 
determined by the relative positions of the molecular levels 
of both molecules, can be estimated by perturbation theory 
[31], using the following equation (2): 

 
 
 
                                                                                            (2) 

 
 
 

where i and j are MO energies; Ci and Cj are MO 
coefficients; nieces i,  system A, while indices j, 
system B; the first two sums run over all levels, whereas 
second two sums run over all atoms (-centers). 

Equation (2) implies that interactions between the 
occupied levels of one component (Pharmacophore) with 
the vacant levels of another component (Peptide) should be 
effective, while interactions between the occupied levels or 
vacant levels of both components should not be effective. 
Of course, the interaction amplitude depends on the overlap 
of the orbitals (or more exactly, on the coefficients Ci). The 
molecular levels of the components will be discussed later. 

Molecular characteristics of complex components 

Planarity and geometrical dimensions of molecules 
studied 

Optimized structures of  molecules 1-6 and correspon-
ding complexes are planar, what is typical for the 
conjugated systems; this planarity is not disturbed upon 
complexation. Molecular dimension of the complex 
components are in the same order; they are presented in 
Figure 1. 

 

 
Figure 1. Optimized geometry of the compounds 1b, 2b, 4-6 
(modeled using the HyperChem package). 
 

Azoles 1 and their derivatives 2-4 take the molecular 
volume: the thickness of -electron shell is 3.4 Å; then the 
estimated values for the oxazole cycle is  [6х6х3,4] Å3; for 
the anellated derivatives it is  [7х8,5х3,4] Å3; for the 
model peptide 5 it is  [7х5х3,4] Å3; for the model 
dipeptide 6 it is  [11х7х3,4] Å3. The hetero-substitution 
O  S  NH2 somewhat increases the molecular volume.  

As it follows from Figure 1, molecules 1-4 can form the 
binary [Pharm-Pept] complex by ,-stacking interactions 
with only one -system of the peptide; the bicyclic 
molecules 2-4 could form the complex with two -moieties 
in dipeptide 6. 

The Lone electron pair (LEP) and n-molecular 
orbitals (MO) dicoordinated nitrogen atoms. 

As the molecules 1-4 contain dicoordinated nitrogen 
atoms, then n-MOs occurs in the electron shell beside -
levels. The corresponding LEPs can participate in hydrogen 
bonds; the corresponding interaction energy depends on the 
dispositions  of   the  n-levels.  For  sake of  illustration,  the  
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Figure 2. Shape of frontier MO and n-MO in the peptides 5-6 (a), compounds 2a-2c (b) and 1b, 2b, 3, 4 (c) 
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energies and shapes of the frontier and nearest MOs in the 
oxazole 1 and its anellated derivatives 2-4 as well as the 
model peptide 5 and dipeptide 6 are pictured in Figure 2. 

Elongation of the polypeptide chain (introduction of the 
second peptide unit), as shown in Figure 2а, leads to an 
asymmetric distribution of electron density in the dipeptide. 
This distribution must be taken into account when 
interacting with the pharmacophore by the -stack 
mechanism. The n-molecular orbital (n-MO), which is 
"responsible" for the formation of a hydrogen bond in 
complex formation, as shown in Figure 2b, is not sensitive 
to the replacement of the heteroatom X in compounds 2: it 
remains HOMO-2, although it has slightly different energy 
value, which was also shown earlier on monocyclic  
5-membered heterocycles [23]. 

Expansion of the conjugation system of the studied 
compounds 1a-1c due to anellation (1  2) leads to the 
appearance of a new highly positioned -MO; therefore  
n-MO is now HOMO-2. At the same time, the addition of 
the pyridine acceptor cycle leads to the appearance of an 
additional (pyridine) n-MO, which is much higher in energy 
(HOMO-1), and the n-MO of the heterocycle shifts 
downward (HOMO-3) (Figure 2c). Annelation by a more 
pyrimidine acceptor cycle causes the appearance of another 
additional n-MO, which occupies the HOMO position, and 
a subsequent shift in energy of n-MO of the heterocycle 
makes it HOMO-4 (Figure 2c). It should be noted that the 
interaction of the additional n-MOs with each other is 
accompanied by their splitting, which causes a greater shift 
of the n-level to higher orbital energy. Besides, such a 
change in the mutual position of the -levels and n-levels 
should affect the stability of the [Pharm-Pept] complex 
stabilized by hydrogen bonds. 

Index 0 as a quantitative characteristic of donor-
acceptor properties 

It was proposed earlier [32] to estimate quantitatively the 
donor-acceptor properties of the conjugated molecules 
analyzing positions of the frontier MOs relatively to the 
non-bonding -level (so-called Fermi level of -electrons) 
0; this parameter is calculated by equation (3): 

 
0 = (LUMO - )/                                                             (3) 
 
where  = LUMO - HOMO, LUMO is the energy of the 
LUMO; HOMO is the energy of the HOMO;  = -3.56 еV is 
the energy of Fermi level (the middle of the HOMO-LUMO 
gap for the polyene with 15 double bonds) [33].  

If the energy gap  is symmetrical relative to the virtual 
level α, then φ0 = 0.5 and hence the donor and acceptor 
properties are mutually balanced; the shift of the energy gap 
up (and hence increase of the parameter φ0 > 0.5) indicates 
a mainly donor nature of the conjugated molecule; on the 
contrary, if φ0 < 0.5, then the frontier levels are shifted 
down, evidencing a predominately acceptor nature [32]. The 
calculated MO energies and parameter φ0 of molecules 
studied 1-6 are collected in Table 2. 

Table 2. MO energies and parameter φ0 of the compounds 
1-2(a-c) and 5, 6. 

Compd X εa, eV b 0
c
 

HOMO LUMO 

5  -8.57 3.34 11.91 0.579 

5 (cis)  -8.72 2.97 11.69 0.558 

6  -8.60 2.11 10.71 0.530 

6 (cis)  -8.60 2.12 10.72 0.530 

1a NH -8.12 2.59 10.71 0.574 

1b O -8.86 1.67 10.53 0.497 

1c S -8.27 0.64 8.91 0.471 

2a NH -8.05 1.34 9.39 0.522 

2b O -8.54 0.88 9.42 0.471 

2c S -8.42 0.79 9.21 0.472 

 Polyene-15d -6.21 -0.91 5.30 0.500 

aε is energy of orbital; 
b = (LUMO) - (HOMO); 
c0 = [(LUMO) - ]/ [33]; = -3.56137 eV [33]; 
dsee [32]. 

Table 2 demonstrated that the model peptides 5 and 6 
(as electron-excessive -systems) are donor molecules, 
whereas compound 1 and anellated derivatives 2-4 are 
acceptors. Also, one can see that expansion of the  
-conjugated system by anellation decreases firstly the 
LUMO energy, then parameter 0 decreases also regularly 
in the series of the compounds 1-2-3-4. It can be assumed 
that the interaction of peptides as donors should be more 
efficient with heterocycles 2-4 as stronger acceptors. 

[Pharm:Pept] Complex stabilized by stacking --inte-

raction 

Going from heterocycles 1 to the anellated derivatives  
2-4 and model peptides 5 and 6, one can see that the 
formation of [Pharm-Pept 5] complex by the mechanism of 
the ,-stacking interactions should be more efficient for 
compounds 1, and [Pharm-Pept 6] is more effective for 
anellated derivatives 2-4.  

The peptide bond =C(O)–NH– can exist in two 
conformations (cis- and trans-) relative to the polypeptide 
chain plane [34-35]. Two possible [Pharm-Pept 5] 
complexes with the oxazole 1b were calculated. For other 
molecules (1a and 1c), the complex was calculated with 
peptide 5 in the trans-configuration. The binding energies 
calculated for different complexes [Pharm-Pept 5] of 
compounds 1 with the model peptide 5 are presented in 
Table 3.  

Stabilization energies of [1b-Pept 5 (cis-)] and [1b-Pept 5 
(trans-)] complexes differ considerably:  3 kcal/mol; then 
the complex with the cis-isomer is more stable. Also, our 
modeling shows that the binding energy of the complex 
[Pharm-Pept] is sensitive to the nature of heteroatom X; 
going from the oxazole 1b (X = O) to imidazole 1a and 
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thiazole 1c increases the complex stability to  2 kcal/mol 
and  10 kcal/mol respectively. However, there is no direct 
correlation between stabilization energy and parameter 0; 
it seems to be connected with the different energy gaps . 

Table 3. The binding energies of -complexes of the 
compounds 1a-c with model peptide 5.  

Compd Emol
a, a.u. [Compound-Pept 5] 

Ecompl
b, 

a.u. 
Ecompl

c, 
a.u. 

Ed, 
kcal/mol 

1b -245.992 - -494.458 -9.30 

1b -245.992 -494.457 - -12.11 

1a -226.147 - -474.616 -11.13 

1c -568.951 - -817.434 -19.76 

5 (trans-) -248.451    

5 (cis-) -248.446    

aEcompd is a total energy of compounds; 
bEcompl is a total energy of [Compound-Pept 5]complex, where the 
peptide bond is in the cis-position; 
cEcompl is a total energy of [Compound-Pept 5]complex, where the 
peptide bond is in the trans-position; 
dE is a binding energy, calculated by equation (1). 

 
 

Now, let us estimate the effect of expansion of the 
conjugated system oxazole and its derivatives during 
anellation. Firstly, it should be noted that bicyclic molecules 
2-4 have a common plane of overlap with both peptide 5 
and dipeptide 6. For sake of illustration, Figure 3 shows the 
optimized geometries of the complexes of the benzoxazole 
2b with the model molecules 5 and 6: 

 

           (a) 
            (a) 

 (b)  (b) 

  

Figure 3. Mutual arrangement of both components in  
--complex [Pharm-Pept]: a) compound 2b with model peptide 5 
residue in X-Y plane and X-Z plane; b) compound 2b with model 
dipeptide 6 residue in X-Y plane and X-Z plane. 

As indicated in Table 2 and Figure 2b, anellation is 
accompanied by the convergence of the frontier levels. This 
should increase the energy interaction between the vacant 
levels of the pharmacophore and occupied levels of the 
model peptide molecule according to equation (2). The 
same conclusion concerns the interaction between the 
occupied levels of the pharmacophore and vacant levels of 
the model peptide molecule. Hence, the stability of  
[Pharm-Pept] -complex upon anellation should increases. 
The calculated binding energies in the complexes of the 
anellated molecules 2-4 with the model peptide 5 and 
dipeptide 6 are collected in Table 4.  

 

Table 4. The binding energies of -complexes of the compounds 2b, 3 and 4 with model peptides 5 and 6.  

Compd anellation Emol
a, a.u. [Compound-Pept 5] [Compound-Pept 6] 

Ecompl
b, a.u.  Ec, 

kcal/mol 
Ecompl, a.u.  E, 

kcal/mol 

2b Benzene -399.586298485 -648.060865334 -14.48 -856.02241454 -30.60 

3 Pyridine -415.62782517 -664.09305761 -8.63 -872.056904788 -26.19 

4 Pyrimidine -431.65161043 -680.1122263 -5.73 -888.07587177 -23.16 

peptide 5  -248.451486374 

peptide 6 -456.387350963 

aEcompd is total energy of compounds; 
bEcompl is total energy of [Compound-Pept] complex; 
cE is a binding energy, calculated by equation (1). 

 
 

Comparing Tables 3 and 4 shows that anellation of the 
compounds 1 leads to sensible increasing of the binding 
energies. Going to the possible complex with the dipeptide 
6 (with two parallel peptide conjugated systems) increases 
twofold the stabilization energy.  

At the same time, the data in Table 4 point that replacing 
of methine groups in benzene ring by the more 
electronegative nitrogen atoms decreases the highest 
occupied level of pharmacophore and hence it holds away 
from the vacant level of the peptide; hence the stabilization 
energy decreases in the series of the compounds 234. 
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Complex stabilized by hydrogen bonds  

Another type of the stable [Pharm-BioM] complexes is 
formed by generation of the hydrogen bonds between the 
components (further: [HB]-complex). In this complex the 
nitrogen atoms with LEP are considered as acceptor centers 
of such hydrogen bonds. Also, the molecules studied can 
form hydrogen bonds with some amino acids in proteins 
containing the functional groups -NH2, -OH, -SH. For sake 
of  comparison, the possible complex with model amino 
acid residues are H3C-Y-H, were Y = NH, O, S; the non-
conjugated fragment in amino acids was modeled by methyl 
group. Therefore, the various conformation will not taken 
into consideration: we optimistically suppose that we can 
neglect different conformations. Besides, we will compare 
stabilization energies of [HB]-complexes in the series of 
structurally similar compounds. Before the optimization 
procedure, complex components were disposed at the 
distance of 2.1 Å; Y-H bond was in the plane, whereas the 
component planes in the complex were disposed 
perpendicularly. For molecules 3-4 containing 2 or 3 
nitrogen atoms (Figure 4) all possible isomeric complexes 
were calculated.  

 

 

Figure 4. Possible options for creating a [HB]-complex by the 
mechanism of hydrogen bonding for compound 4. 

It is assumed that the energy and length of the hydrogen 
bond in the [HB]-complex depend on charge on the 
nitrogen atom; then the stability of such an isomeric [HB]-
complex should be different.  

First of all, the [HB]-complex of the simplest molecules 
1, 2 with model functional amino acid residues will be 
considered in order to study the dependence of the [HB]-
complex stability on chemical composition of the model 
functional molecule H3C-Y-H. The calculated binding 
energies are presented in Table 5.  

Table 5 shows that the nitrogen atom of compounds 1-2 
has a relatively large negative charge, its value depends on 
the nature of the heteroatom X. When compounds 1 are 
annelated, the charge on the nitrogen atom increases, also 
depending on the nature of the heteroatom X. This charge 
sensitivity should affect the stability of the [HB]-complex. 

Variation of the functional residues in the model 
molecule H3C-Y-H shows that the most stable [HB]-
complex of compounds 1 is formed with OH-group; a 
similar tendency is observed for a number of 
benzoanalogues 2, anellation of the compounds 1 increases 
the binding energy.  

Replacing of the heteroatom also is accompanied by the 
[HB]-complex stability, though anellated benzothiazole 2c 
(X = S) is considerably less stable, which seems to be 
connected with a high energy of the n-MO that is the LEP 
on the sulfur atom. Additionally, the H•••S- hydrogen bond 
is somewhat lengthened. 

Going from the simplest oxazole 1 to its derivatives 3 
and 4 anellated by the pyridine or pyrimidine, two or even 
three types of the [HB]-complexes could be formed by the 
hydrogen bond, as shown in Figure 4. The binding energies 
calculated for all possible [HB]-complexes with the model 
molecule H3C-O-H are presented in Table 6. 

Firstly, negative charge at the nitrogen atom (1) is 
weakly sensitive on the change of the benzene ring to 
pyridine and pyrimidine cycles. Going from the molecule 
2b to its nitrogen analogue 3 decreases slightly the binding 
energy of the [HB]-complex formed via hydrogen bonding 
with the nitrogen atom in 5-membered oxazole cycle. In the 
same time, for derivative 4, annelated by the pyrimidine 
cycle, the stabilization energy  4 kcal/mol was predicted 
by calcularions. The analyses of both possible [HB]-
complexes with molecule 3 shows that the forming of the 
[HB]-complex with the nitrogen atoms (2) and (3) is less 
stable (  1.8 kcal/mol). One can also see that all three 
isomeric complexes with the molecule 4 are appreciably 
stable. Besides, the Table 5 demonstrates that these isomers 
differ sizeable between them, the [HB]-complex bonded by 
the hydrogen bond with the nitrogen atom (1) is most 
stable.  

Finally, let us consider the [HB]-complexes of peptide 
molecules 5 as hydrogen-bonded complexes with the N-H 
proton donors. The calculated data are collected in Table 7. 
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Table 5. Hydrogen bond energy values for the complexes [Compound-H-X] involving compounds 1-2(a-c) with H3C-Y-H. 

Complex H-X  za, e.u. Lb, Å Ecompd
c, a.u. Ecompl

d, a.u. Ee, 
kcal/mol 

[compound 1b-HX] H2N-CH3 -0.430 2.434 -245.99202 -341.83384 -7.92 

[compound 1b-H-X] H-O-CH3 -0.430 1.949 -245.99202 -361.69005 -8.22 

[compound 1b-H-X] H-S-CH3 -0.430 2.283 -245.99202 -684.670094 -6.57 

[compound 1a-H-X] H-O-CH3 -0.449 1.922 -226.14680 -341.84861 -10.59 

[compound 1c-H-X] H-O-CH3 -0.359 1.973 -568.95108 -684.67167 -22.37 

[compound 2b-H-X] H2N-CH3 -0.474 2.503 -399.59471 -495.43508 -7.02 

[compound 2b-H-X] H-O-CH3 -0.474 1.978 -399.59471 -515.295092 -9.69 

[compound 2b-H-X] H-S-CH3 -0.474 2.454 -399.59471 -838.275012 -7.96 

[compound 2a-H-X] H-O-CH3 -0.500 1.943 -379.74776 -495.45252 -12.44 

[compound 2c-H-X] H-O-CH3 -0.417 1.959 -722.57396 -838.27227 -8.40 

 H-O-CH3 -115.684935 - - 

 H2N-CH3 -95.8292016 - - 

 H-S-CH3 -438.667606 - - 

az, e.u. is the charge on the nitrogen atom, electronic units; 
bl is the length of the hydrogen bond; 
cEcompd is the energy of the compounds;  
dEcompl is the energy of the [Compound-H-X] complex;  
eE is the stabilization energy complex, calculated by formula (1). 

Table 6. Hydrogen bond energy values for the complexes [Compound-H-X] involving compounds 2b, 3-4 with H3C-O-H. 

Complex Na zb, e.u. lc, Å Ecompd
d, a.u. Ecompl

e, a.u. Ef, 
kcal/mol 

[compound 2b-H-X] 1 -0.474 1.978 -399.59471 -515.29509 -9.69 

[compound 3-H-X] 1 -0.478 2.022 -415.62783 -531.32932 -10.39 

[compound 3-H-X] 2 -0.497 1.993 -415.62783 -531.32648 -8.61 

[compound 4-H-X] 1 -0.441 2.055 -431.65161 -547.35840 -13.71 

[compound 4-H-X] 2 0.458 2.028 -431.65161 -547.35444 -11.23 

[compound 4-H-X] 3 0.431 2.000 -431.65161 -547.35725 -12.99 

 H-O-CH3 -115.68494 - - 

aN - position of the nitrogen atom in the anellated cycle of a substance (according to Figure 4); 

bz, e.u. is the charge on the nitrogen atom, electronic units; 
cl is the length of the hydrogen bond; 
dEcompd is the energy of the compounds;  
eEcompl is the energy of the [Compound-H-X] complex;  
fE is the stabilization energy complex, calculated by formula (1). 

 
Comparing Tables 6 and 7 shows similar tendencies 

obtained for the [Compound-Pept 5] with both model 
peptide 5 and model molecule H3C-OH. However, in 
contrast to H3C-OH, the energy of hydrogen bonding with 
the nitrogen atom (1) for compound 4 is lower than that 
with the nitrogen atoms (2) and (3). It can be conclude that 
the [Compound 3-Pept 5] and [Compound 4-Pept 5] 
complexes formed with the peptide moieties of the 

untwisted part of the protein at the nitrogen atoms of the 
pyridine type are more stable. 

It is to noticed that the some [Compound-Pept 5] could 
be simultaneously formed for the molecules 3 and 4 with 
two or even three hydrogen bonds. This should additionally 
stabilize the [Pharm-Pept] complex.  
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Table 7. Stabilization energies for [Compound-Pept 5] 
complexes of molecules 1-4 with model peptide 5.  

Complex Na Ecompd
b, 

a.u. 
Ecompl

c, 
a.u. 

Ed, 
kcal/mol 

[compound 1b-Pept 5] 1 -245.992 -494.46044 -10.63 

[compound 2b-Pept 5] 1 -399.595 -648.06555 -12.14 

[compound 3-Pept 5] 1 -415.628 -664.09780 -11.73 

[compound 3-Pept 5] 2 -415.628 -664.09637 -10.70 

[compound 4-Pept 5] 1 -431.652 -680.11718 -8.84 

[compound 4-Pept 5] 2 -431.652 -680.11929 -10.16 

[compound 4-Pept 5] 3 -431.652 -680.11929 -10.15 

Peptide 5  -248.451   

aN - position of the nitrogen atom in the anellated cycle of a substance 
(according to Figure 4); 
bEcompd is the energy of the compounds;  
cEcompl is the energy of the [Compound-Pept 5] complex;  
dE is the stabilization energy complex, calculated by formula (1). 

Conclusions 

In silico the theoretical analysis of the interaction 
between pharmacophore molecules based on bicyclic 
nitrogen heterocycles with model peptides shows that the 
stabilization of [Pharm-Pept] complexes is ensured by the 
,-stacking interactions of the pharmacophore molecule 
systems with the -peptide bond system. The expansion of 
the conjugate heterocyclic compounds by anellation is 
accompanied by an increase in the acceptor properties of 
studied heterocycles, stabilizing the [Pharm-Pept] 
complexes formed by the ,-stacking interaction mecha-
nism increases. Elongation of the polypeptide chain 
increases significantly the stabilization energy of the 
[Pharm-Pept] complexes.  

In the formation of complexes by the mechanism of 
hydrogen bonds between the LEP of the dicoordinated 
nitrogen atom and the functional groups of amino acids -
OH, -NH2, -SH the most stable [HB]-complexes was found 
for OH-group, the least stable [HB]-complexes was 
predicted for SH-group. The expansion of the conjugated 
anellated system is accompanied by an increase in the 
acceptor properties of nitrogen containing heterocycle as 
pharmacophores, especially during anellated with pyridine 
and pyrimidine, which leads to increased stability of the 
complexes formed by the hydrogen bonding mechanism. 
The transition to bicyclic conjugate systems with two or 
three dicoordinated nitrogen atoms provides additional 
stabilization of [Pharm-BioM] complexes due to the 
possible simultaneous formation of several hydrogen bonds. 
The stabilization energy of [HB]-complexes for compounds 
2b and 3 with a “free” peptide bond of the extended part of 
the protein is slightly lower compared to the functional  
OH-group of amino acids, and for compound 4, on the 
contrary, 2 kcal/mol higher. Compound 4 is likely to show 
more pronounced properties in further in vitro studies. 
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In silico дослідження взаємодії гетероциклічних основ з пептидними групами 
білків: пофрагментний підхід 

Є. С. Велігіна1, Н. В. Оберніхіна2*, С. Г. Пільо2, М. В. Качаєва2, О. Д. Качковський2 

1Інститут біоорганічної хімії та нафтохімії ім. В. П. Кухаря НАН України, вул. Мурманська, 1, Київ, 02094, Україна. 
2Національний медичний університет імені О. О. Богомольця, бульв. Т. Шевченка, 13, Київ, 01601, Україна. 

Резюме: В рамках підходу «фрагмент до фрагменту» представлені іn silico результати біологічної спорідненості модельних пептидів (Пепт) та 
гетероциклічних основ, конденсованих з піридином та піримідином, як фармакофорів (Фарм). Аналіз даних показує, що розширення 
кон'югованих гетероциклічних сполук за допомогою анелювання супроводжується збільшенням акцепторних властивостей досліджуваних 
гетероциклів, в результаті чого стабільність комплексів [Фарм-Пепт], утворених за механізмом ,-стекінгової взаємодії збільшується. При 
подовженні поліпептидного ланцюга спостерігається вдвічі збільшення енергії стабілізації комплексів [Фарм-Пепт]. При утворенні комплексів 
[Фармакофор-Біомолекула] між спряженими гетероциклічними основами з двома-трьома дикоординованими атомами азоту та функціональними 
групами амінокислот (-OH, -NH2, -SH) за механізмом водневих зв’язків виявились найбільш стабільними комплекси з OH-групою. Розширення 
спряженої системи досліджуваних гетероциклів шляхом анелювання з піридином та піримідином призводить до підвищеної стабільності 
комплексів. Енергія комплексоутворення для сполук 2b та 3 із «вільним» пептидним зв’язком розгорнутої частини білка дещо нижча порівняно з 
енергією комплексів досліджуваних сполук з ОН-групою амінокислот, а для сполуки 4, навпаки, енергія на 2 ккал/моль вище. Сполука 4, 
ймовірно, проявлятиме більш виражені властивості в подальших дослідженнях in vitro. 

Ключові слова: підхід «фрагмент до фрагмента»; пептидні зв’язки; афінність зв’язування; комплекс [Фармакофор-Біомолекула]; ,-стекінгова 
взаємодія; водневі зв’язки.  
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