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Derivatives of 1,3,4-thiadiazole are very important for medical chemistry and pharmacy
as potential drug substances. In this work, we carried out molecular docking studies of
amidoalkyl derivatives of 1,3,4-thiadiazole: N-(2,2,2-trichloro-1-((5-aryl-1,3,4-thiadiazol-
2-yl)amino)ethyl)carboxamides and N-(2,2,2-trichloro-1-((5-(arylamino)-1,3,4-thiadiazol-
2-yl)amino)ethyl)carboxamides with dihydrofolate reductase (DHFR). The AutoDock Vina
program based on the PyRx 0.8 platform was used for docking. Before docking, the
enzyme structure (PDB ID: 1DLS) was prepared using the Chimera 1.14 program, and
the structures of potential inhibitors and reference preparations were optimized by the
PM3 method in the ArgusLab 4.0.1 program. According to the results of molecular docking,
the analyzed compounds effectively interact with the active site of DHFR. It is shown that
the introduction of an NH group between the 1,3,4-thiadiazole and aromatic rings leads
to stronger binding of ligands to DHFR. Based on the results of molecular docking, the
following hit compounds were selected: 4-methyl-N-(2,2,2-trichloro-1-((5-(phenylamino)-
1,3,4-thiadiazol-2-yl)amino)ethyl)benzamide and 4-methyl-N-(2,2,2-trichloro-1-((5-(p-
tolylamino)-1,3,4-thiadiazol-2-yl)amino)ethyl)benzamide, which are superior to the
reference compounds according to the strength of the formed complex.
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Introduction
Dihydrofolate reductase (DHFR) is a

widespread enzyme that plays a key role in folic
acid metabolism by reducing dihydrofolate to
tetrahydrofolate in eukaryotic and prokaryotic cells.
Inhibition of DHFR leads to a decrease in the
intracellular level of tetrahydrofolate, cessation of
RNA and DNA synthesis, and, as a result, a
slowdown in their proliferation [1]. This makes
DHFR an attractive therapeutic target for the
treatment of cancer [1], bacterial and protozoal
infections [2,3], and several other diseases [4].

DHFR is a relatively small, water-soluble
protein with a molecular weight of 18–25 kDa. The
mechanism of action of some drugs is associated
with the inhibition of this enzyme, such as
Methotrexate, Raltitrexed, Pemetrexed, Pralatrexate,
and many others [1]. A large number of works were
devoted to the development and search for new

DHFR inhibitors among derivatives of 1,3,5-triazine,
2-mercapto-quinazolin-4-one, pyrimidine, thiazole,
pyrazole, and other acyclic and heterocyclic systems
[5].

A promising class of substances with the ability
to inhibit DHFR are 1,3,4-thiadiazole derivatives.
These compounds include (E)-5-benzylidene-1-(5-
(3,5-dinitrophenyl)-1,3,4-thiadiazol-2-yl)-3-phenyl-
2-thioxodihydropyrimidine-4,6(1H,5H)-dione (1),
N-(4-((Z)-1-(((Z)-5-(4-methoxyphenyl)-3-phenyl-
1 , 3 , 4 - t h i a d i a z o l - 2 ( 3 H ) -
y l i d e n e ) h y d r a z o n o ) e t h y l ) p h e n y l ) - 4 -
methylbenzenesulfonamide (2), 2-((5-amino-1,3,4-
t h i a d i a z o l - 2 - y l ) t h i o ) - 6 - m e t h y l - 3 - ( 4 -
phenoxyphenyl)quinazolin-4(3H)-one (3) and 6-
chloro-2-(((5-((4-chlorophenyl)amino)-1,3,4-
t h i a d i a z o l - 2 - y l ) m e t h y l ) t h i o ) - 3 - ( 4 -
methoxyphenyl)quinazolin-4(3H)-one (4) (Fig. 1)
[6].
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In this study, we proposed previously
synthesized N-amidoalkylated derivatives of 1,3,4-
thiadiazole 8a–g as potential inhibitors of DHFR.
These compounds were prepared by the elimination
of water from N,N’-disubstituted
hydrazinecarbothioamides 7, which, in turn, were
obtained by the addition of arylcarboxylic acid
hydrazides 6 to isothiocyanates 5 (Scheme 1) [7].

The effectiveness of the interaction of
compounds 8a–g with the DHFR active site was
evaluated using molecular docking methods. In
addition, based on compounds 8a–g, structures
containing an NH group between the 1,3,4-
thiadiazole and aromatic rings [6] were simulated

virtually. The model structures were also tested in
silico for their ability to inhibit DHFR.

Materials and methods
All calculations were carried out on a Toshiba

personal computer, the Satellite L650D model, AMD
Phenom(tm) II P820 Triple-Core Processor. A 64-
bit operating system was used. The structure of
dihydrofolate reductase was downloaded in pdb
format from the Protein Data Bank (PDB ID: 1DLS)
[8]. To prepare the structure of this enzyme for the
docking procedure, the Chimera 1.14 program was
used [9]. By using this software, water molecules
and Methotrexate were removed from the active site
of DHFR. The structures of compounds 8a–g and

Fig. 1. Structures of some human dihydrofolate reductase inhibitors containing the 1,3,4-thiadiazole ring

N
H

N

CCl3

R

O

C
S

H2N

O

N
H

Ar+ N
H

N
H

CCl3

R

O

N
H

NH

O
S

N
H

N
H

CCl3

R

O

S

NN

5 6 7a-g 60-69% 8a-g 46-98%

a b

Ar

Ar

R = CH3, Ar = C6H5 ( a); R = CH3, Ar = 4-CH3C6H4 ( b); R = C6H4, Ar = 4-CH3C6H4 ( c);
R = 4-CH3C6H4, 4-CH3C6H4 ( d); 4-CH3C6H4, C6H5 ( e); 4-CH3C6H4, 3-BrC 6H4 ( f); 4-CH3C6H4, 3-NO2C6H4 ( g).

Scheme 1. Synthesis of 1,3,4-thiadiazole amidoalkyl derivatives (8). Reagents and conditions: a) EtOH, reflux 1-3 min, r.t. 24 h;

b) H2SO4 conc., r.t. 24 h
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model structures of MSa–g [6] were constructed and 
optimized by the PM3 method [10] using the 
ArgusLab 4.0.1 program [11–13]. Molecular docking 
was performed using the AutoDock Vina program 
[14] based on the PyRx 0.8 platform. The docking 
site was determined by creating a grid with 
dimensions X: 25.0 Y: 25.0 Z: 25.0 Å, centered on 
X: 31.8, Y: 13.8, Z: –0.83 Å. This grid was centered 
on amino acids Ile 5, Ala 6, Ala 7, Asp 27, Leu 28, 
Phe 31, Lys 32, Ser 49, Ile 50, Arg 52, Leu 54, Arg 
57, Ile 94, Tyr 100 and Thr 113 [6]. Visualization 
and evaluation of intermolecular ligand-enzyme 
interactions were performed using the PyMOL 
0.99rc6 program [15].

Results and discussion
When docking, we used compounds 1–4 as 

comparators (Fig. 1,b). According to the results 
obtained, these compounds effectively interacted with 
the DHFR active site. In this case, the calculated 
data on DG correlated well with the experimental 
values of IC50 [6]. As expected, compound 1 was 
bound most strongly to DHFR with IC50=0.04 µM, 
while compound 4 formed the least stable complex 
with IC50=0.4 µM. The molecule of compound 1 
formed six hydrogen bonds with amino acids of the 
active site, two of which were formed with Leu 28 
(lengths of 2.7 and 3.2 Å), two more were formed 
with Ser 59 (lengths of 2.9 and 3.3 Å), and one

hydrogen bond each was formed with Asp 31 and 
Gln 35 (lengths of 3.1 and 2.7Å, respectively) (Fig. 
2,a). The energy of the complex was –8.4 kcal/mol. 
The molecule of inhibitor 2 was efficiently fixed in 
the active site of DHFR due to four intermolecular 
hydrogen bonds (Fig. 2,b): one was formed by the 
methoxy group and Gln 35 (length 3.0Å) and three 
more were formed by the sulfamide group and the 
amino acid Glu 30 (lengths of 3.1, 3.2 and 3.6 Å, 
respectively). The energy of the complex was –8.2 
kcal/mol. The molecule of compound 3 in the DHFR 
active site was fixed due to the formation of only 
one hydrogen bond 3.1 Å long, which was formed 
between the amino group and Pro 66 (Fig. 2,c). The 
∆G value was –7.0 kcal/mol. The molecule of 
compound 4 in the DHFR active site was fixed by 
two intermolecular hydrogen bonds with Lys 68 (Fig. 
2,d), the bond lengths being 3.1 and 3.3 Å. The 
energy of the formed complex was –6.8 kcal/mol.

Among the compounds we analyzed, most
surpassed the standards in terms of the strength of
the complex formed with DHFR (Table). The only
exceptions were compounds 8a and 8b, as well as
the model structure of MSa. The introduction of an
NH group between the thiadiazole and aromatic rings
mainly led to stronger binding to the enzyme, except
for MSa and MSc, which formed complexes of the
same strength with 8a and 8c.

Fig. 2. Position of molecules of compounds 1–4 in the DHFR active site according to molecular docking data
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Among the tested compounds 8a–g, 4-methyl-
N-(2,2,2-trichloro-1-((5-(p-tolyl)-1,3,4-thiadiazol-
2-yl)amino)ethyl)benzamide (8d) and 4-methyl-N-
(2,2,2-trichloro-1-((5-phenyl-1,3,4-thiadiazol-2-
yl)amino)ethyl)benzamide (8e) interacted the most
effectively with DHFR. Model structures created on
their basis, 4-methyl-N-(2,2,2-trichloro-1-((5-(p-
t o l y l a m i n o ) - 1 , 3 , 4 - t h i a d i a z o l - 2 -
yl)amino)ethyl)benzamide (MSd) and 4-methyl-N-
(2,2,2-trichloro-1-((5-(phenylamino)-1,3,4-
thiadiazol-2-yl)amino)ethyl)benzamide (MSe), were
also leaders in their series. In addition, MSd and
MSe outperformed the original compounds 8d and 8e

in terms of the strength of the complex formed with
the enzyme and were hit compounds. It is noteworthy
that both molecules of compounds 8d and 8e, as well
as molecules of MSd and MSe, were fixed in the
DHFR active site exclusively due to lipophilic
interactions and π–π contacts, without forming
intermolecular hydrogen bonds (Fig. 3).

According to the results obtained, MSd and
MSe bind most effectively to the DHFR active site.
These compounds are superior to the reference
compounds in terms of the strength of the complex
formed, and they can be recommended for in vitro
testing.

Compounds R Ar ∆G, kcal/mol Compounds R Ar ∆G, kcal/mol 
8a CH3 Ph –8.1 MSa CH3 Ph –8.1
8b CH3 p-Tol –7.9 MSb CH3 p-Tol –8.7
8c Ph p-Tol –9.2 MSc Ph p-Tol –9.2
8d p-Tol p-Tol –9.8 MSd p-Tol p-Tol –10.0
8e p-Tol Ph –9.7 MSe p-Tol Ph –9.8
8f p-Tol m-BrC6H4 –9.4 MSf p-Tol m-BrC6H4 –9.6
8g p-Tol m-NO2C6H4 –9.6 MSg p-Tol m-NO2C6H4 –9.7

Molecular docking results of compounds 8a–g and MSa–g with DHFR

Fig. 3. Position of molecules of compounds 8d, 8e, and MSd, MSe in the DHFR active site
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It should be noted that the 1,3,4-thiadiazole
derivatives under consideration are also of interest
as potential stabilizers and size regulators of silver
nanoparticles [16], which are known for their high
biological activity and a number of other useful
properties [17,18].

Conclusions
In this work, using molecular docking methods,

we have searched for potential DHFR inhibitors
among N-amidoalkylated derivatives of 2-amino-
1,3,4-thiadiazole and 2,5-diamino-1,3,4-thiadiazole.
It has been shown that the studied compounds are
effectively fixed in the active site of this enzyme due
to lipophilic interactions. According to the results
of molecular docking, the model structures of 4-
methyl-N-(2,2,2-trichloro-1-((5-(p-tolylamino)-
1,3,4-thiadiazol-2-yl)amino)ethyl)benzamide (MSd)
and 4-methyl-N-(2,2,2-trichloro-1-((5-
( p h e n y l a m i n o ) - 1 , 3 , 4 - t h i a d i a z o l - 2 -
yl)amino)ethyl)benzamide (MSe) form the most
stable complexes with DHFR, which are
recommended for further in vitro testing.
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ÌÎÄÅËÞÂÀÍÍß ÍÎÂÈÕ ÏÎÒÅÍÖ²ÉÍÈÕ
²ÍÃ²Á²ÒÎÐ²Â ÄÈÃ²ÄÐÎÔÎËÀÒÐÅÄÓÊÒÀÇÈ ÍÀ
ÎÑÍÎÂ² ÀÌ²ÄÎÀËÊ²ËÎÂÀÍÈÕ ÏÎÕ²ÄÍÈÕ 1,3,4-
Ò²ÀÄ²ÀÇÎËÓ

Â.Â. Ïàâëîâà, Ï.Â. Çàäîðîæí³é, Â.Â. Êèñåëüîâ,
Î.Â. Õàð÷åíêî, Î.Â. Îõò³íà

Ïîõ³äí³ 1,3,4-ò³àä³àçîëó ìàþòü âåëèêå çíà÷åííÿ äëÿ
ìåäè÷íî¿ õ³ì³¿ òà ôàðìàö³¿ ÿê ïîòåíö³éí³ ë³êàðñüê³ ðå÷îâè-
íè. Ó ö³é ðîáîò³ ìè çä³éñíèëè äîñë³äæåííÿ ìîëåêóëÿðíîãî
äîê³íãó àì³äîàëê³ëîâàíèõ ïîõ³äíèõ 1,3,4-ò³àä³àçîëó: N-
(2,2,2-òðèõëîð-1-((5-àðèë-1,3,4-ò³àä³àçîë-2-³ë)àì³íî)åòèë)-
êàðáîêñàì³ä³â òà N-(2,2,2-òðèõëîð-1-((5-(àðèëàì³íî)-1,3,4-
ò³àä³àçîë-2-³ë)àì³íî)åòèë)êàðáîêñàì³ä³â ç äèã³äðîôîëàòðåäóê-
òàçîþ (ÄÃÔÐ). Äëÿ äîê³íãó âèêîðèñòîâóâàëàñÿ ïðîãðàìà
AutoDock Vina íà áàç³ ïëàòôîðìè PyRx 0.8. Ïåðåä ïðîâå-
äåííÿì ïðîöåäóðè äîê³íãó ñòðóêòóðó ôåðìåíòó (PDB ID:
1DLS) ï³äãîòóâàëè çà äîïîìîãîþ ïðîãðàìè Chimera 1.14, à
ñòðóêòóðè ïîòåíö³éíèõ ³íã³á³òîð³â ³ åòàëîííèõ ïðåïàðàò³â
îïòèì³çóâàëè ìåòîäîì PM3 ó ïðîãðàì³ ArgusLab 4.0.1. Çà
ðåçóëüòàòàìè ìîëåêóëÿðíîãî äîê³íãó äîñë³äæóâàí³ ñïîëó-
êè åôåêòèâíî âçàºìîä³þòü ç àêòèâíèì öåíòðîì ÄÃÔÐ.
Ïîêàçàíî, ùî ââåäåííÿ ãðóïè NH ì³æ 1,3,4-ò³àä³àçîëü-
íèì ³ àðîìàòè÷íèì öèêëàìè ïðèâîäèòü äî á³ëüø ì³öíîãî
çâ’ÿçóâàííÿ ë³ãàíä³â ç ÄÃÔÐ. Çà ðåçóëüòàòàìè ìîëåêóëÿð-
íîãî äîê³íãó â³ä³áðàíî ñïîëóêè ë³äåðè: 4-ìåòèë-N-(2,2,2-
òðèõëîð-1-((5-(ôåí³ëàì³íî)-1,3,4-ò³àä³àçîë-2-³ë)àì³íî)åòèë-
)áåíçàì³ä ³ 4-ìåòèë-N-(2,2,2-òðèõëîð-1-((5-(ï-òîë³ëàì³íî)-
1,3,4-ò³àä³àçîë-2-³ë)àì³íî)åòèë)áåíçàì³ä, ÿê³ çà ì³öí³ñòþ
óòâîðåíîãî êîìïëåêñó ïåðåâåðøóþòü åòàëîíí³.

Êëþ÷îâ³ ñëîâà: 1,3,4-ò³àä³àçîë, àì³äîàëê³ëîâàí³
ïîõ³äí³, äèã³äðîôîëàòðåäóêòàçà, ìîëåêóëÿðíèé äîê³íã,
³íã³á³òîð, in silico.
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Derivatives of 1,3,4-thiadiazole are very important for
medical chemistry and pharmacy as potential drug substances. In
this work, we carried out molecular docking studies of amidoalkyl
derivatives of 1,3,4-thiadiazole: N-(2,2,2-trichloro-1-((5-aryl-
1,3,4-thiadiazol-2-yl)amino)ethyl)carboxamides and N-(2,2,2-
t r i c h l o r o - 1 - ( ( 5 - ( a r y l am i no ) - 1 , 3 , 4 - t h i a d i a z o l - 2 -
yl)amino)ethyl)carboxamides with dihydrofolate reductase
(DHFR). The AutoDock Vina program based on the PyRx 0.8
platform was used for docking. Before docking, the enzyme
structure (PDB ID: 1DLS) was prepared using the Chimera 1.14
program, and the structures of potential inhibitors and reference
preparations were optimized by the PM3 method in the ArgusLab
4.0.1 program. According to the results of molecular docking,
the analyzed compounds effectively interact with the active site
of DHFR. It is shown that the introduction of an NH group
between the 1,3,4-thiadiazole and aromatic rings leads to stronger
binding of ligands to DHFR. Based on the results of molecular
docking, the following hit compounds were selected: 4-methyl-
N-(2,2,2-trichloro-1-((5-(phenylamino)-1,3,4-thiadiazol-2-
yl)amino)ethyl)benzamide and 4-methyl-N-(2,2,2-trichloro-1-((5-
(p-tolylamino)-1,3,4-thiadiazol-2-yl)amino)ethyl)benzamide,

which are superior to the reference compounds according to the
strength of the formed complex.

Keywords: 1,3,4-thiadiazole; amidoalkyl derivatives;
dihydrofolate reductase; molecular docking; inhibitor; in silico.
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