
95

Synthesis, spectral characteristics and molecular docking studies of N-(2,2,2-trichloro-1-(2-
(phenylcarbamothioyl)hydrazine-1-carbothioamido)ethyl)cinnamamide as a potential analog of Salubrinal

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2024, No. 6, pp. 95-100

© V.V. Pavlova, P.V. Zadorozhnii, V.V. Kiselev, O.V. Okhtina, A.V. Kharchenko, 2024

                          This article is an open access article distributed under the terms and conditions of the Creative
                           Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

UDC 547.497.1

V.V. Pavlova, P.V. Zadorozhnii, V.V. Kiselev, O.V. Okhtina, A.V. Kharchenko

SYNTHESIS, SPECTRAL CHARACTERISTICS AND MOLECULAR DOCKING
STUDIES OF N-(2,2,2-TRICHLORO-1-(2-(PHENYLCARBAMOTHIOYL)HYDRAZINE-

1-CARBOTHIOAMIDO)ETHYL)CINNAMAMIDE AS A POTENTIAL ANALOG OF
SALUBRINAL

Ukrainian State University of Science and Technologies, Dnipro, Ukraine

In this work, we synthesized N-(2,2,2-trichloro-1-(2-(phenylcarbamothioyl)hydrazine-

1-carbothioamido)ethyl)cinnamamide, which is a new potential inhibitor of the

GADD34:PP1 holoenzyme. This compound was obtained by reacting equimolar amounts

of N-(2,2,2-trichloro-1-isothiocyanatoethyl)cinnamamide with

N-phenylhydrazinecarbothioamide in acetonitrile. The reaction was carried out at reflux

for two minutes. The yield of the product after recrystallization from acetonitrile was

79%, and 1H NMR, 13C NMR, and IR spectroscopy reliably proved its structure. The

ability of the obtained compound to inhibit the activity of the GADD34:PP1 holoenzyme

was assessed using molecular docking. We selected a known GADD34:PP1 inhibitor

Salubrinal as a standard. According to the results obtained, the synthesized compound

can effectively interact with the active site of the target. It was shown that its molecule,

like the Salubrinal molecule, formed an intermolecular hydrogen bond with the Tyr 272

amino acid. The compound we obtained was almost as good as the standard in terms of

the energy value of the complex with GADD34:PP1.
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Introduction

Protein biosynthesis is a key process for the
vital activity of an organism, which includes the stage
of synthesis of the polypeptide chain and the stage of
maturation of protein molecules [1]. The first stage
occurs on ribosomes with the participation of mRNA
and tRNA molecules, and the second one occurs in
the internal space of the granular endoplasmic
reticulum (ER). In the granular ER, «immature»
protein molecules are subject to folding, i.e. they take
the correct spatial conformation. All incorrectly folded
proteins are destroyed since their excessive
accumulation can lead to a functional overload of the
ER. This phenomenon is called ER stress. It can
lead to a disruption of normal cell functioning, or
even to its death through the apoptosis system, and it
also causes many diseases [2].

To date, it is known about the role of ER stress
in the development of oncological, endocrine,
cardiovascular, and nervous system diseases. In
addition, this phenomenon underlies some diseases
of the kidneys, lungs, and bones [3]. The occurrence
of ER stress has an important role in the pathogenesis
of infectious diseases, including those caused by
Mycobacterium tuberculosis, hepatitis B virus, herpes
simplex virus, HIV-1, and others [4].

In this regard, the molecular mechanisms of
ER stress are intensively investigated nowadays.
Currently, three main ER stress signal-sensor systems
are known, namely PERK, ATF6, and IRE1. They
inhibit translation processes by phosphorylation of
eukaryotic translation initiation factor 2α (eIF2α),
which is a key participant in protein translation. It is
eIF2α that is responsible for binding the ribosomal
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40S subunit to tRNAimet, which recognizes the start
codon of mRNA and initiates the synthesis of the
peptide chain. When ER stress occurs, the activity of
eIF2α is inhibited by its phosphorylation of PERK.
In this case, eIF2α passes into the inactive form
eIF2αP. However, the holoenzyme complex
GADD34:PP1 dephosphorylates eIF2αP converting
it back into the active form eIF2α, thereby triggering
protein synthesis processes and increasing ER stress
[2].

Recently, several selective inhibitors of
GADD34:PP1 have been developed that weaken protein
synthesis, help maintain homeostasis in the ER and
thereby save cells from apoptosis. Such drugs include
Salubrinal [5], Sal003 [6], and some analogs [7,8]
(Fig.1). These substances are widely used in
experimental medicine, as well as biochemical and
cytological studies to investigate the molecular
mechanisms of ER stress and the degree of its
pathophysiological impact on various organs and
systems. Now we can confidently talk about the
prospects of drugs based on them for treating heart,
kidney, and bone diseases as well as fighting malignant
tumors and diabetes mellitus [9].

In this paper, we report the synthesis of a new
structural analog of Salubrinal in which a
phenylthiourea fragment replaces the quinoline cycle.
In addition we report in silico evaluation of the obtained

N - ( 2 , 2 , 2 - t r i c h l o r o - 1 - ( 2 -
( p h e n y l c a r b a m o t h i o y l ) h y d r a z i n e - 1 -
carbothioamido)ethyl)cinnamamide as a potential
GADD34:PP1inhibitor.

Results and discussion

We used N-(2,2,2-trichloro-1-
hydroxyethyl)cinnamamide (3) as a starting
compound, previously obtained by condensation of
chloral hydrate (1) and cinnamic acid amide (2) [10].
Then, we obtained N-(2,2,2-trichloro-1-
isothiocyanatoethyl)cinnamamide (5) through the
stage of chlorine derivative formation 4 [11]. Addition

of N-phenylhydrazinecarbothioamide (6) to the latter
resulted in the formation of the target N-(2,2,2-
trichloro-1-(2-(phenylcarbamothioyl)hydrazine-1-
carbothioamido)ethyl)cinnamamide (7). This reaction
was carried out by refluxing for two minutes in
acetonitrile (Scheme 1). The yield of compound 7
was 79%.

1H, 13C NMR, and IR spectroscopy data reliably
proved the structure of compound 7. In the 1H NMR
spectrum, signals of five NH protons were observed,
which appeared in the 9.90–8.73 ppm region. In this
case, NH protons of the NHCHNH system appeared
as two doublets at 9.90 and 8.73 ppm with the same
spin-spin interaction constant equal to 7.3 Hz. The
signal of the adjacent CH proton appeared at 7.09
ppm as a doublet of doublets with J=7.3 Hz. The
remaining three NH protons of the N-
phenylhydrazinecarbothioamide fragment appeared as
two broadened singlets at 9.65 (1NH) and 9.14 (2NH)
ppm. The protons of the phenyl and styryl substituents
appeared as four multiplet systems in the region from
7.65 to 6.96 ppm. In the 13C NMR spectrum, the
most indicative signals were those of two C=S carbons,
which appeared at 182.7 and 181.9 ppm. The carbon
of the amide group (C=O) appeared at 164.9 ppm,
and the signals of the CCl3 group and CH carbon
were at 101.9 and 70.2 ppm, respectively. The signals
of two carbon atoms of the ethene fragment appeared
at 141.7 and 121.0 ppm, and the signals of the aromatic
ring carbons were located between them in the 139.2
and 125.5 ppm regions. The bands of NH group
stretching vibrations were located in the IR spectrum
at 3280–3200 cm–1. The band corresponding to
vibrations of the C=O bond of the amide group
appeared at 1670 cm–1.

The potential ability of compound 7 to inhibit
the activity of the GADD34:PP1 holoenzyme was
assessed using molecular docking implemented in the
ArgusLab 4.0.1 software. We selected Salubrinal as a
comparison structure, for which we had previously
conducted similar investigations [9]. Before docking,
the structure of compound 7 was optimized using the
semiempirical PM3 method. As in the case of
Salubrinal [9], the most energetically favorable
conformation for compound 7 was the one stabilized
by an intramolecular hydrogen bond formed between
the oxygen atom of the amide group and the NH
proton of the thiourea fragment. The bond length
was 2.6 Å  (Fig. 2,a).

According to the molecular docking results,
compound 7 effectively interacts with the active site
of GADD34:PP1. After docking, the Salubrinal and
compound 7 molecules are very closely located in the
active site of GADD34:PP1 (Figure 2b,c). In addition,Fig. 1. Structures of some GADD34:PP1 inhibitors and the

compound under investigation.
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Salubrinal and compound 7 are additionally fixed in
the active site by forming a hydrogen bond with Tyr
272. Moreover, in the case of compound 7, the
hydrogen bond is shorter than for Salubrinal [9] by
about 1 Å  and is about 2.4 Å . The energy of the
GADD34:PP1, 7 complex, is –12.0497 kcal/mol,
which in absolute value is inferior to Salubrinal by

CCl3

OHHO

+

1 2 3

N

5

H2N

O

HO N

H

CCl3 O
a b

Cl N

H

CCl3 O

4

N

H

CCl3 O

C
S

c

+NH2

S

H

N

H

Nd
N
H

N

H

CCl3 O

N

H

SH

N
H
N

S
67 79%

Scheme 1. Synthesis of N-(2,2,2-trichloro-1-(2-(phenylcarbamothioyl)hydrazine-1-carbothioamido)ethyl)cinnamamide (7).

Reagents and conditions: (a) solvent-free, melt heating, 20 min; (b) SOCl2, CCl4, reflux 4 h; (c) KSCN, CH3CN, r.t., 1h; (d)

CH3CN, reflux, 2 min

Fig. 2. Results of in silico experiment for N-(2,2,2-trichloro-1-(2-(phenylcarbamothioyl)hydrazine-1-

carbothioamido)ethyl)cinnamamide (7): (a) calculated optimal structure of compound 7 (PM3 method); (b) active site of

GADD34:PP1 (shown as a solid surface); (c) superposition of Salubrinal and compound 7 molecules in the active site of

GADD34:PP1; (d) position of the compound 7 molecule in the active site of GADD34:PP1. Visualization in PyMOL

less than 0.2 kcal/mol.
Experimental

Chemistry
IR spectra were recorded on a Spectrum BX II

spectrometer in KBr tablets. 1H NMR (400 MHz)
and 13C NMR (100 MHz) spectra were measured for
solutions in DMSO-d6 on a Varian Agilent VNMRS
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400 MHz spectrometer. Elemental analysis was
performed on LECO CHNS-900. The progress of
the reaction and the purity of the resulting compounds
were monitored by TLC on Silufol UV-254 plates,
using a chloroform/acetone mixture (3:1) as an eluent.
Melting points were determined in open capillaries
and were not corrected.

Synthesis of N-(2,2,2-trichloro-1-
hydroxyethyl)cinnamamide (3) [7,10]

Compound 3 was obtained by condensing chloral
hydrate with cinnamamide in the melt according to
the procedure described in ref. [10].

Synthesis of N-(2,2,2-trichloro-1-
isothiocyanatoethyl)cinnamamide (5) [7]

Isothiocyanate 5 was obtained according to the
procedure described in ref. [11].

Synthesis of N-(2,2,2-trichloro-1-(2-
( p h e n y l c a r b a m o t h i o y l ) h y d r a z i n e - 1 -
carbothioamido)ethyl)cinnamamide (7)

An equimolar amount (1.67 g) of N-
phenylhydrazinecarbothioamide (5) [12] was added
to 10 mmol of N-(2,2,2-trichloro-1-
isothiocyanatoethyl)cinnamamide (5) [7] in 30 mL
of acetonitrile. The mixture was brought to boiling,
filtered warm through a paper filter, and left at room
temperature for 14 hours. The resulting precipitate
was filtered, washed with acetonitrile (2×10 mL) and
dried. The product was purified by recrystallization
from acetonitrile. White solid; yield 79% (3.97 g);
mp. 171–1730C (MeCN); Rf=0.47. IR (KBr) νmax:
3278, 3201 (NH), 2926, 2854 (CH), 1670 (C=O),
1628, 1598, 1548, 1497, 1449, 1378, 1342, 1290,
1242, 1194, 1145, 1118, 1072, 1024, 976, 934, 877,
856, 815, 764, 744, 692, 637, 624, 608, 567,
521 cm–1. 1H NMR δ: 9.90 (d, J=7.3 Hz, 1H, NH),
9.65 (brs, 1H, NH), 9.14 (brs, 2H, NH), 8.73 (d,
J=7.3 Hz, 1H, NH), 7.65–7.53 (m, 5H,
4Harom.+=CH-cis), 7.45–7.40 (m, 3H, 3Harom.), 7.31–
7.25 (m, 2H, 1Harom.+=CH-trans), 7.09 (dd,
J=7.3 Hz, 1H, CH), 7.02–6.96 (m, 1H, Harom.).
13C NMR: δ 182.7 (C=S), 181.9 (C=S), 164.9 (C=O),
141.7 (CH=CHC6H5), 139.2, 134.7, 130.5, 129.5,
128.7, 128.2, 125.9, 125.5 (Carom.),
121.0 (CH=CHC6H5), 101.9 (CCl3), 70.2 (CH). Anal.
Calcd (%) for C19H18Cl3N5OS2 (502.86): C 45.38;
H 3.61; N 13.93; S 12.75. Found: C 45.31; H 3.52;
N 14.00; S 12.79.

In silico experiment
The structure of compound 7 was optimized

using the semiempirical PM3 method [13] and the
ArgusLab 4.0.1 software package1. The three-
dimensional crystal structure of the GADD34:PP1

holoenzyme (PDB ID: 4XPN) was downloaded in
.pdb format from the Protein Data Bank
(http://www.rcsb.org). Hydrogen atoms were added
throughout the protein structure before molecular
docking. Before docking, all non-protein molecules,
except for the phosphoric acid residue 403 PO4, were
removed from the structure. Based on this phosphoric
acid residue, a ligand group called Ligand_X-ray was
created. Based on this group, a three-dimensional
model of the binding site was created, the dimensions
of which were set manually and were 40 Å  along the
X-axis, 40 Å  along the Y-axis, and 40 Å  along the
Z-axis. The flexible ligand parameter was set during
docking. The results were evaluated by the semi-
empirical AScore function based on the XScore
function [14]. The cell resolution was set at 0.250 Å .
Calculation type – Dock; Docking Engin – ArgusLab.
The results were visualized using the PyMOL 0.99rc6
program.

Conclusions

We have synthesized N-(2,2,2-trichloro-1-(2-
( p h e n y l c a r b a m o t h i o y l ) h y d r a z i n e - 1 -
carbothioamido)ethyl)cinnamamide, which is a new
potential inhibitor of the GADD34:PP1 holoenzyme.
The synthesis of the target compound has been carried
out by the addition reaction of N-
phenylhydrazinecarbothioamide to N-(2,2,2-trichloro-
1-isothiocyanatoethyl)cinnamamide. Complex spectral
investigations have proven the structure of the obtained
compound.
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ÑÈÍÒÅÇ, ÑÏÅÊÒÐÀËÜÍ² ÕÀÐÀÊÒÅÐÈÑÒÈÊÈ ²
ÌÎËÅÊÓËßÐÍÈÉ ÄÎÊ²ÍÃ N-(2,2,2-ÒÐÈÕËÎÐ-1-(2-
(ÔÅÍÈËÊÀÐÁÀÌÎÒ²Î¯Ë)Ã²ÄÐÀÇÈÍÎ-1-
ÊÀÐÁÎÒ²ÎÀÌ²ÄÎ)ÅÒÈË)ÀÌ²ÄÓ ÊÎÐ²×ÍÎ¯
ÊÈÑËÎÒÈ ßÊ ÏÎÒÅÍÖ²ÉÍÎÃÎ ÀÍÀËÎÃÓ
ÑÀËÓÁÐ²ÍÀËÓ

Â.Â. Ïàâëîâà, Ï.Â.Çàäîðîæí³é, Â.Â. Êèñåëüîâ,

Î.Â. Îõò³íà, Î.Â. Õàð÷åíêî

Ó äàí³é ðîáîò³ íàìè áóëî çä³éñíåíî ñèíòåç N-(2,2,2-
òðèõëîð-1-(2-(ôåí³ëêàðáàìîò³î³ë)ã³äðàçèí-1-êàðáîò³îàì³-
äî)åòèë)öèííàì³äó, ÿêèé º íîâèì ïîòåíö³éíèì ³íã³á³òî-
ðîì õîëîôåðìåíòó GADD34:PP1. Öþ ñïîëóêó áóëî
îäåðæàíî âçàºìîä³ºþ åêâ³ìîëÿðíèõ ê³ëüêîñòåé N-(2,2,2-
òðèõëîð-1-³çîò³îö³àíàòîåòèë)öèííàì³äó ç N-ôåí³ëã³äðàçèí-
êàðáîò³îàì³äîì â àöåòîí³òðèë³. Ðåàêö³þ ïðîâîäèëè ïðè êè-
ï’ÿò³íí³ ç³ çâîðîòíèì õîëîäèëüíèêîì ïðîòÿãîì äâîõ õâè-
ëèí. Âèõ³ä ïðîäóêòó ï³ñëÿ ïåðåêðèñòàë³çàö³¿ ç àöåòîí³òðèëó
ñòàíîâèâ 79%. Áóäîâà ö³ëüîâî¿ ñïîëóêè áóëà íàä³éíî äîâå-
äåíà äàíèìè ßÌÐ 1Í, ßÌÐ 13Ñ òà ²× ñïåêòðîñêîï³¿. Îö³-
íþâàííÿ çäàòíîñò³ îäåðæàíî¿ ñïîëóêè ³íã³áóâàòè àêòèâí³ñòü
õîëîôåðìåíòó GADD34:PP1 áóëà çä³éñíåíà ç âèêîðèñòàí-
íÿì ìîëåêóëÿðíîãî äîê³íãó. ßê åòàëîí íàìè áóëî îáðàíî
â³äîìèé ³íã³á³òîð GADD34:PP1 – Salubrinal. Çã³äíî ç îòðè-
ìàíèìè ðåçóëüòàòàìè ñèíòåçîâàíà ñïîëóêà ìîæå åôåêòèâ-
íî âçàºìîä³ÿòè ç àêòèâíèì ñàéòîì ì³øåí³. Ïîêàçàíî, ùî ¿¿
ìîëåêóëà, ÿê ³ ìîëåêóëà Salubrinal, óòâîðþº ç àì³íîêèñëî-
òîþ Tyr 272 ì³æìîëåêóëÿðíèé âîäíåâèé çâ’ÿçîê. Çà çíà-
÷åííÿì åíåðã³¿ êîìïëåêñó ç GADD34:PP1 çàïðîïîíîâàíà
íàìè ñïîëóêà íå çíà÷íî ïîñòóïàºòüñÿ åòàëîíó.

Êëþ÷îâ³ ñëîâà: ñàëóáð³íàë, GADD34:PP1, àì³ä
êîðè÷íî¿ êèñëîòè, ³íã³á³òîð, ìîëåêóëÿðíèé äîê³íã, ñòðåñ
åíäîïëàçìàòè÷íîãî ðåòèêóëóìà, àêòèâíèé ñàéò.
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In this work, we synthesized N-(2,2,2-trichloro-1-(2-
( p h e n y l c a r b a m o t h i o y l ) h y d r a z i n e - 1 -
carbothioamido)ethyl)cinnamamide, which is a new potential
inhibitor of the GADD34:PP1 holoenzyme. This compound was
obtained by reacting equimolar amounts of N-(2,2,2-trichloro-
1-isothiocyanatoethyl)cinnamamide with N-
phenylhydrazinecarbothioamide in acetonitrile. The reaction was
carried out at reflux for two minutes. The yield of the product
after recrystallization from acetonitrile was 79%, and 1H NMR,
13C NMR, and IR spectroscopy reliably proved its structure. The
ability of the obtained compound to inhibit the activity of the
GADD34:PP1 holoenzyme was assessed using molecular docking.
We selected a known GADD34:PP1 inhibitor Salubrinal as a
standard. According to the results obtained, the synthesized
compound can effectively interact with the active site of the
target. It was shown that its molecule, like the Salubrinal molecule,
formed an intermolecular hydrogen bond with the Tyr 272 amino
acid. The compound we obtained was almost as good as the
standard in terms of the energy value of the complex with
GADD34:PP1.
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