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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
GADD?34: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 '"H NMR, 3C 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 2o (elF2a),
which is a key participant in protein translation. It is
elF2a that is responsible for binding the ribosomal
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408 subunit to tRNA,,.,, which recognizes the start
codon of mRNA and initiates the synthesis of the
peptide chain. When ER stress occurs, the activity of
elF2a is inhibited by its phosphorylation of PERK.
In this case, elF2o passes into the inactive form
elF2aP. However, the holoenzyme complex
GADD34:PP1 dephosphorylates el F2a.P converting
it back into the active form el F2a., 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-trichloro-1-(2-
(phenylcarbamothioyl)hydrazine-1-
carbothioamido)ethyl)cinnamamide as a potential
GADD34:PPlinhibitor.

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
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Fig. 1. Structures of some GADD34:PP1 inhibitors and the
compound under investigation.

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%.

'H, BC NMR, and IR spectroscopy data reliably
proved the structure of compound 7. In the '"H 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 (INH) 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 *C 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=0) appeared at 164.9 ppm,
and the signals of the CCl; 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™'. The band corresponding to
vibrations of the C=0 bond of the amide group
appeared at 1670 cm™'.

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 A (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 GADD?34:PP1 (Figure 2b,c). In addition,
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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) SOCl,, CCl,, reflux 4 h; (¢) KSCN, CH;CN, r.t., 1h; (d)
CH,CN, reflux, 2 min

Cc
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

Salubrinal and compound 7 are additionally fixed in less than 0.2 kcal/mol.

the active site by forming a hydrogen bond with Tyr Experimental
272. Moreover, in the case of compound 7, the Chemistry
hydrogen bond is shorter than for Salubrinal [9] by IR spectra were recorded on a Spectrum BX 11

about 1 A and is about 2.4 A. The energy of the spectrometer in KBr tablets. 'H NMR (400 MHz)
GADD34:PP1, 7 complex, is —12.0497 kcal/mol, and *C NMR (100 MHz) spectra were measured for
which in absolute value is inferior to Salubrinal by solutions in DMSO-d, 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-
(phenylcarbamothioyl)hydrazine-1I-
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 (2x10 mL) and
dried. The product was purified by recrystallization
from acetonitrile. White solid; yield 79% (3.97 g);
mp. 171—173°C (MeCN); R=0.47. IR (KBr) v,
3278, 3201 (NH), 2926, 2854 (CH), 1670 (C=0),
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™. 'H NMR &: 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,
4H,,,, +=CH-cis), 7.45—7.40 (m, 3H, 3H,,.), 7.31—
7.25 (m, 2H, 1H,,,t=CH-trans), 7.09 (dd,
J=7.3 Hz, 1H, CH), 7.02—6.96 (m, 1H, H,..).
BC NMR: 6 182.7 (C=S), 181.9 (C=S), 164.9 (C=0),
141.7 (CH=CHCH;), 139.2, 134.7, 130.5, 129.5,
128.7, 128.2, 1259, 1255 (C,om)s
121.0 (CH=CHCH3), 101.9 (CCly), 70.2 (CH). Anal.
Caled (%) for C,H;CI;N;OS, (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 package'. 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 A along the
X-axis, 40 A along the Y-axis, and 40 A. 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 A.
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-
(phenylcarbamothioyl)hydrazine-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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CHUHTE3, CIIEKTPAJIbBHI XAPAKTEPUCTUKU I
MOJIEKYJISIPHUM JTOKIHT N-(2,2,2-TPUXJIOP-1-(2-
(PEHUJIKAPBAMOTIOIT'IAPA3SUHO-1-
KAPBOTIOAMIJIO)ETWI)AMIZTY KOPIYHOI
KUCJIOTHU AK IMMOTEHIIVTHOTO AHAJIOTY
CAJTYBPIHAIIY

B.B. Iagaoea, II.B.3adopoxcuiii, B.B. Kuceavos,
O.B. Oxmina, O.B. Xapuenko

VY nawiit po6oti Hamu OyJsio 3aiiicHeHO cuHTe3 N-(2,2,2-
Tpuxjop-1-(2-(dbeninkapdbamorioin)riapazuu- 1 -kapdorioami-
JI0)eTUJ)UIMHHAMINy, SIKWii € HOBMM IOTEHUIMHUM iHTiOiTO-
pom xonodepmeHty GADD34:PP1. Lo cnoayky Oyio
O/Iep>KaHO B3aEMOJIEI0 eKBiMONSIpHUX KinbKocTeir N-(2,2,2-
TpuxJIop-1-i3oTionianaroermn)unHHaminy 3 N-deHiarinpasuH-
KapOoTioamizoM B aueToHiTpwii. Peakiiio npoBonmiu npu Ku-
M’ATiHHI 31 3BOPOTHUM XOJIOAMJILHUKOM MPOTSIFOM JIBOX XBU-
JIMH. Buxin npoaykTy micis nepekpucTaitizalii 3 aueToOHITpUIy
craHoBuB 79%. BynoBa 1iibOBOI criojyku Oyja HadiiiHO J10Be-
nena ganumu SAMP 'H, IMP "3C ta I4 cnekrpockormii. Oui-
HIOBaHHS 3/1aTHOCTI O/Iep>KaHOI CMOJYKH iHri0yBaTH aKTUBHICTh
xonopepmenty GADD34:PP1 Gyna 3aiiicHeHa 3 BUKOPHMCTaH-
HSM MOJIEKYJISIPHOTO JTOKiHTYy. SIK eTajoH Hamu Oyj0 obpaHO
Bitomuii iHri6iTop GADD34:PP1 — Salubrinal. 3rinHo 3 otpu-
MaHMMU pe3yJbTaTaMu CUHTE30BaHa CIOJyKa MoXe e(heKTHB-
HO B3AaEMOISATH 3 aKTUBHUM caiiToM MinieHi. [Toka3aHo, 1o ii
MoJieKyna, sk i Mojekysa Salubrinal, yTBoproe 3 aMiHOKHCIIO-
Toto Tyr 272 MiXMOJIEKYJNSIpHUIT BOAHEBUI 3B’S130K. 3a 3Ha-
yeHHsIM eHeprii komriekcy 3 GADD34:PP1 3anponoHoBaHa
HaMU CIOJIyKa HE 3HAYHO TMOCTYMAETbCS €TAJIOHY.

Karouosi caoBa: cany6pinan, GADD34:PP1, awmin
KOPUYHOI KMCJIOTH, iHTIOITOp, MOJEKYJISIpHUI AOKIHT, CTpec
€HOIIa3MaTUYHOTO PETUKYJIyMa, aKTUBHUIA CaiiT.

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
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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-
l-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 'H NMR,
BC NMR, and IR spectroscopy reliably proved its structure. The
ability of the obtained compound to inhibit the activity of the
GADD?34: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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