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Graphical abstract: In the present study, a series of acyl thiourea derivatives (7 compounds) has been
synthesized and characterized by some spectroscopic techniques. The molecular structure of five compounds
was determined by asingle crystal X-ray analysis. The intermolecular contacts of five crystal structures have
been preformed based on the Hirshfeld surface and their associated 2D fingerprint plots. All the synthesized
compounds were preliminarily screened for their in vitro anti-fungal and antioxidant activities. In silico

molecular docking studies were performed to screen against heat shock protein HSPOO.
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Abstract: A series of acyl thiourea derivatives bearingrihfioromethyl)phenyl moiety (7 compounds) has
been synthesized and characterized by FT*#Rand**C NMR spectroscopy and elemental analyses. The
molecular structure of five compound 4, 5, 6 and7) was determined by single crystal X-ray diffraatio
analysis. The crystal structures revealed thatcdrbonyl thiourea units in all determined compouats
mostly planar due in part to the formation of im@ecular N-H---O=C and C-H---S=C hydrogen bonds
that form two S (6) rings. The intermolecular catseof five crystal structures have been preforimased

on the Hirshfeld surface and their associated 2igefiprint plots. All the synthesized compounds were
preliminarily screened for thein vitro anti-fungal activity. Especially, compounds5 and 6 showed a
good anti-fungal activity for four different kindsf fungi. Furthermore, all prepared thiourea denxes
were screened for antioxidant potential activitylyPH free radical scavenging and the excellemtigct
were found compounds and 6 with the 1Gyvalue of 191.75ug/mL and 189.75ug/mL, respectivelyln
silico molecular docking studies were performed to scrimnthiourea derivatives against heat shock

protein HSP90.

Keywords: 4-(trifluoromethyl)phenyl moiety; antioxidant; thicea derivatives; molecular docking;

Hirshfeld surface; supermolecular chemistry

1. Introduction

Due to unique properties of fluorinated compourtls,incorporation of the trifluoromethyl group into
such prototype molecules in place of a methyl grang a chlorine atom is now a well-accepted styaieg
medicinal and structural chemistry [1]. First, cheas with trifluoromethyl group have wide applicats in
medicine, agrochemicals and organic electronics. Bfelenica and coworker reported fluoromethyl

substituents on the benzene ring can improve atriiiial potency [2]. And secondly, trifluoromettgroup
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of aromatic rings always increases the lipophiiat the molecule [3-4]. More importantly, the coounds
incorporation of the trifluoromethyl group can fgrfrom the molecular structure point of view, theHX: - F
hydrogen bonds that provide driving forces for-sasl§éembly in the compounds.

Compounds possessing acyl thiourea as a struchat#l (-CONHCSNH-) have significant importance
in medicinal chemistry as many of them are knowaxbibit interesting pharmacological propertieshsas
antimicrobial [5-7], anticancer [8-10], antinocitiee [11-13], anticonvulsant [14], urease inhibjtdd5,
16], antioxidant [17], anti-HIV [18], anti-inflamnt@ry [19]. In addition, acyl thiourea compoundsaals
possessed others applications such as heterocygfithesis intermediate, non-ionic surfactants [20],
organocatalystf20-25], metal coordination [26-304nd anion receptors [31-37]. And thiourea deriesiv
have attracted great attention due to the potentiahtioxidant and anti-fungal activity in recentl

Free radical, an atom or molecule with an unpagledtron possessing an ability to plunder electron
from stable surrounding compounds, leading to thange of cell structure, the destruction of the
cellmembrane system and the variation of DNA, issttered as an important pathogenesis of various
diseases. Less than 14 units free radical belortgeaormal range for human. But free radical aher
standard value will result in diseases such aseranbepatitis, diabetes and uremia. To countehase
negative effects, scavenging free radical is aractive strategy. In previous studies, a diverseetya of
antioxidants had been researched, including theow@mpounds [16, 38, 39]. However, the antioxidant
activity of those compounds is far from meeting gles expectation, so the synthesis of acyl th@aure
derivatives which possess a good antioxidant agtisihighly needed.

Similarly, plant fungicidal disease is one of thesan serious plant diseases which can lead to
agricultural loss and reductions, and it is alsosely relevant to food security in the world. THere,
anti-fungal agents play a significant roleagricultural production. Unfortunately, some of rth€arsenic,
mercurial and organophosphate pesticides) are lptetli to use because they can be harmful to the
atmosphere and soil. In the past decades, thialegaatives were widely applied to agriculture toeir
low toxicity, low residue and environmental friepd'he only drawback is that some thiourea compsund
have not sufficient lipophilicity to enhance theeraf cell penetration and transport of a drugricaative
site [40]. Hence, the continued efforts to desigw anti-fungal agents with good biopotency, biokaklity
and lipophilicity are the subjects of current mauit chemistry research.

In this paper, we synthesized novel thiourea d&vga incorporating 4-(trifluoromethyl)phenyl moyet
and evaluated them fan vitro anti-fungal and antioxidant activities. This studguses on characterizing
the structure of acyl thioureas incorporating wellomethyl group by the FTIR, NMR, X-ray analysis,
Hirshfeld surface and 2D fingerprint plots techmploand considers the anti-fungal and antioxidant

activities of these compounds. Besides, the passioiticancer mechanism of thiourea derivatives by



molecular docking was studied in detail.

2. Experimental

2.1. Materials and methods

All the chemicals were commercially available fr@gma Aldrich (St Louis, MO, USA). The solvents
were of laboratory reagent grade, and were usedowuttfurther purification. Microwave syntheses were
carried out using a BILON-CW-1000 microwave syniheswith the appropriate absorption power settings
Elemental analyses were on an ELEMENTAR Vario ElLelemental analyzer. The melting points were
determined on a Cossim KER3100-0&%paratus. The FT-IR (KBr pellets) spectra werended in the
400-4000 critrange using a Bruker EQUINOX 55 FT-IR spectrométdrNMR spectra were obtained in
Dimethylsulfoxide-d by using a Bruker 400 MHz spectrometéd. NMR (400 MHz): internal standard
solvent DMSO-¢(2.50 ppm from TMS): internal standard TMS; theitipg of proton resonances in the
reported'H NMR spectra were remarked as s=singlet, d=dotbigplet, dt=doublet triplet and m=multiple.
Single crystal X-ray experiments were performedhwilo Ka radiation §£=0.071073nm) with Bruker

D-QUEST diffractometer.
2.2. Synthesis of thiourea derivatives

A solution of prepared substituted benzoyl chleri@l.4057-1.8904 g, 10 mmol) in dry
tetrahydrofuran (40 mL) was added drop wise toregimecked round-bottomed flask containing potassiu
thiocyanate (1.4577 g, 15 mmol). The mixtures wefkixed for approximately 2 hours at 60 A solution
of 4-Aminotrifluorotoluene (1.5307 g, 9.5 mmol) tatrahydrofuran (20 mL) was added and reacted in
microwave heating 60-65 for about 90 seconds. The resulting mixture washpd into 500 mL water and
filtered off, washed with ethanol and dried in vacua'he forming compounds were grown at room

temperature from organic solvents for single cigstd compoundg, 4, 5, 6 and?7.
2.2.1. Synthesis of 1-(benzoyl)-3-(4-trifluoromethylphenyl)thiourea, 1

White soild. Yield: 86%. mp. 137.8-138.5 Anal. Calc. for GsH11F3N2OS (%): C, 55.55; H, 3.42; N,
8.64. Found: C, 55.50; H, 3.29; N, 8.65. FT-IR (Br, cni* 3395 (N-H), 3208 (H-N), 2981(C-H, Ph),
1670 (C=0), 1522(C=C, Ph), 1267 (C-F), 780 (CS)NMR (400 MHz, DMSO-g): §, ppm 12.75 (s, 1H,
NH), 11.73 (s, 1H, NH), 7.97-8.00 (m, 4H, Ar-H)80.(d, J=8.44 Hz, 2H, Ar-H), 7.68 (t, J=7.41 Hz,, 1H
Ar-H), 7.55 (t, J=7.70 Hz, 2H, Ar-H)}*C NMR (101 MHz):5, ppm 179.9 (C=S), 168.7 (C=0), 142.2
(Ar-C), 133.7 (Ar-C), 132.5 (Ar-C), 129.2 (2C), 198C), 126.5 (Ar-C), 126.3 (m, 2C), 125.1 (2C)312
(CRs).



2.2.2. Synthesis of 1-(4-methoxybenzoyl)-3-(4-trifluoromethylphenyl)thiourea, 2

White solid. Yield: 84%. mp. 154.4-156.1 Anal. Calc. for GgH13F3sN20,S (%): C, 54.23; H, 3.70; N,
7.91. Found: C, 54.21; H, 3.58; N, 7.93. FT-IR (KB, cmit 3330 (N-H), 3208 (H-N), 2972 (C-H, Ph),
1668 (C=0), 1535 (C=C, Ph), 1259 (C-F), 780 (CZB)NMR (400 MHz, DMSO-¢): 5, ppm 12.86 (s, 1H,
NH), 11.54 (s, 1H, NH), 7.96-8.04 (m, 4H, Ar-H)79.(d, J=8.49 Hz, 2H, Ar-H), 7.08 (d, J=8.91 Hz, 2H
Ar-H), 3.86 (s, 3H, OCh). The forming compound was grown at room tempeeattom diethyl ether for

single crystal.

2.2.3. Synthesis of 1-(4-methyl phenyl)-3-(4-trifluoromethylphenyl)thiourea, 3

White solid. Yield: 79%. mp. 154.9-156(5 Anal. Calc. for GgH13F3N2OS (%): C, 56.80; H, 3.87; N,
8.28. Found: C, 56.78; H, 3.78; N, 8.28. FT-IR (KBr, cmi* 3351 (N-H), 3208 (H-N), 2931 (C-H, Ph),
1679 (C=0), 1525 (C=C, Ph), 1254 (C-F), 772 (C2B)NMR (400 MHz, DMSO-g): 5, ppm 12.81 (s, 1H,
NH), 11.63 (s, 1H, NH), 7.91-7.99 (m, 4H, Ar-H)79.(d, J=8.59 Hz, 2H, Ar-H), 7.36 (d, J=8.06 Hz, 2H
Ar-H), 2.40 (s, 3H, Ch). **C NMR (101 MHz, DMSO)3, ppm 180.0 (C=S), 168.5 (C=0), 144.2 (Ar-C),
142.2 (Ar-C), 129.6 (Ar-C), 129.5(2C), 129.3 (2@26.8 (Ar-C), 126.2 (m, 2C), 125.0 (2C), 123.2 {CF
21.6 (CH).

2.2.4. Synthesis of 1-(4-benzylchloride)-3-(4-trifluoromethyl phenyl)thiourea, 4

White solid. Yield: 82%. mp. 167-169. Anal. Calc. for GsH12CIF3N,OS (%): C, 51.55; H, 3.24; N,
7.51. Found: C, 51.53; H, 3.17; N, 7.49. FT-IR (KBr, cm® 3301 (N-H), 3198 (H-N), 2986 (C-H, Ph),
1674 (C=0), 1528 (C=C, Ph), 1264 (C-F), 774 (C2B)NMR (400 MHz, DMSO-¢): , ppm 12.71 (s, 1H,
NH), 11.75 (s, 1H, NH), 7.96-8.01 (m, 4H, Ar-H)80.(d, J=8.40 Hz, 2H, Ar-H), 7.61(d, J=8.10 Hz, 2H,
Ar-H), 4.86 (s, 2H, CHCI). The precipitated thiourea was recrystallizeahf methanol-methylene chloride
1:2).

2.2.5. Synthesis of 1-(4-fluorobenzene)-3-(4-trifluoromethyl phenyl)thiourea, 5

White solid. Yield: 83%. mp. 129.9-131.1 Anal. Calc. for GsH1oF4N20S (%): C, 52.63; H, 2.94; N,
8.18. Found: C, 52.65; H, 2.78; N, 8.28. FT-IR (KBr, cmi® 3292 (N-H), 3023 (H-N), 3000 (C-H, Ph),
1674 (C=0), 1526 (C=C, Ph), 1264 (C-F), 773 (C28)NMR (400 MHz DMSO-d): 5, ppm 12.68 (s, 1H,
NH), 11.77 (s, 1H, NH), 8.06-8.10 (m, 2H, Ar-H)97.(d, J=8.04 Hz, 2H, Ar-H), 7.80 (d, J=8.55 Hz, 2H
Ar-H), 7.39 (t, J=8.83 Hz, 2H, Ar-H). Colourlessystal suitable for X-ray diffraction study was dodm

ethyl acetate.



2.2.6. Synthesis of 1-(4-chlorobenzene)-3-(4-trifluoromethyl phenyl)thiourea, 6

White solid. Yield: 81%. mp. 135.8-136.5 Anal. Calc. for GsH10F3N2CIOS 0.5 (H:O) (%): C, 48.99;
H, 3.01; N, 7.62. Found: C, 48.98; H, 2.90; N, 7.6%-IR (KBr): v, cni* 3246 (N-H), 3195 (H-N), 2940
(C-H, Ph), 1677 (C=0), 1266 (C-F), 782 (C=%).NMR (400 MHz DMSO-d): &, ppm 12.63 (s, 1H, NH),
11.79 (s, 1H, NH), 7.95-8.01 (m, 4H, Ar-H), 7.79 {&:8.59 Hz, 2H, Ar-H), 7.61-7.64 (m, 2H, Ar-H).$h

compound was recrystallized from ethyl acetatevim weeks.

2.2.7. Synthesis of 1-(4-nitrobenzene)-3-(4-trifluoromethylphenyl)thiourea, 7

Cyan solid. Yield: 56%. mp. 154.8-1552. Anal. Calc. for GsH10F3sN303S-0.5 (GHsOH) (%): C,
48.98; H, 3.34; N, 10.71. Found: C, 48.94; H, 3M4910.65. FT-IR (KBr): v, cm 3293 (N-H), 3034 (H-N),
2942 (C-H, Ph), 1699 (C=0), 1265 (C-F), 783 (C2B)NMR (400 MHz DMSO-a): &, ppm 12.51 (s, 1H,
NH), 12.09 (s, 1H, NH), 8.36 (d, J=8.70 Hz, 2H, H)-8.18 (d, J=8.75 Hz, 2H, Ar-H), 7.97 (d, J=8138,
2H, Ar-H), 7.81 (d, J=8.61 Hz, 2H, Ar-H), 4.36 {5.00 Hz, 1H, OH), 3.44 (td, J=6.96, 11.85 Hz, 2H,
CHyp), 1.06 (t, J=6.99 Hz, 3H, G} The solid product obtained was recrystallizezhfrethanol to afford

cyan diamond crystalline solid.

2.3. X-ray crystallography

Crystals were obtained by slow evaporation methwdl subjected to X-ray diffraction. SHELXS 97
was used for structure solution and refinementquéiire direct methods. All the non-hydrogen atomsewe
obtained by the full-matrix-block least-squares moetonF? with anisotropic thermal parameters [41]. The
hydrogen atoms were added according to the theatetiodels. All molecular plots and packing diagsam
were drawn using Diamond 3.0 and additional mdtresta were calculated using PLATON [42]. In
addition, the analysis of molecular crystal stroesu(compoundg, 4, 5, 6 and7) using CrystalExplorer 3.1
program has gained the Hirshfeld surfaces their f#iyerprint plots [43]. This work made the

intermolecular interactions to visualize clearly.
2.4. Evaluation of anti-fungal activity

Those thiourea derivativeslf) were screened for their in vitro anti-fungal ity by disk
diffusion method. Anti-fungal activity of the symfized thiourea derivatives was determined by the
mycelial growth rate method. Each thiourea denxatvas dissolved in dimethyl sulfoxide (DMSO), whic
was added into the sterile PDA equably. The samem@ of mixed PDA was poured into 90 mm petri
dishes in the same volume quintuplicate. The canagon of tested thiourea compounds were 100 mg/L.

And then, the phytopathogen was inoculated in gdate of 8 mm diameter. The diameter of Ehesarium



graminearumand Sphaceloma ampelinuon the PDA plate was surveyed after 72 h, whigy theeded 120
h for Botryosphaeria ribisand Botryosphaeria berengrian@®yrimethanil was used as negative control (as
standard drug). 100L of DMSO was added to 990 of PDA medium to reveal the effect of DMSO. The

inhibition rate of synthesized thiourea compounds wieasured using the formula.
Inhibition rate(%)= [(diameter of control-diametdrtest compound)/(diameter of control-8)100.
2.5. DPPH free radical scavenging assay

The antioxidant activity of those thiourea derivat (-7) was measured by DPPH scavenging assay
according to these papers [44-46]. There was 1Mhthiourea derivative that it was dissolved in 2 m
DMSO as a stock solution. From the stock, 20 40 uL, 60 uL, 80 uL and 100uL were taken before
adding in 880uL, 860 uL, 840 uL, 820 uL and 800uL of methanol, respectively. 100 of DPPH was
added into the mentioned solutions and the mixéatisas were incubated 30 min at 37 For this step,
100 pg/mL, 200ug/mL, 300pug/mL, 400ug/mL and 500ug/mL were formed as the final concentration of
the thiourea derivative. Different volumes of DMS@re added corresponding methanol to form 900 mL
solution as blank control groups, which was to attiee scavenging effect of DMSO. After incubatitre
absorption was measured by spectrophotometer atnBil7Ascorbic acid (Vitamin C) was used as the

standard compound. Results were expressed as petertion, calculated from the formula [47].
Inhibition(%) =[100-(Abs of test compound/Abs ofntmol) X 100]
2.6. Molecular docking

In molecular docking studies were carried out teeesc against HSP90 by Autodock 4.2.6. The
structure of the protein was downloaded from RSCBtdh Data Bank. The 2 dimension structure of
thiourea derivatives were obtained from Chem Offl064 and ZINC Website. The 2D structure was turned
into 3D format, and saved as PDB file. In autodpoégram, 7 acyl thiourea derivatives were treatétt w
energy minimization. The protein was prepared biraexing ligand substructures and generating some
active pockets. The prepared protein was saveteafotmation of PDBQT. Then, the molecular docking
will be carried out by the program. After dockirtge binding energy and the binding site will belgred
by the program of PyMOL 1.7.

3. Results and discussion
3.1. Synthesis

An robust and efficient microwave assisted solutmmase parallel synthesis protocol [48] was

performed because the synthesized time was drigtrealuced. Acyl thiourea derivatives incorporagtin



4-(trifluoromethyl)phenyl moiety I-7) were obtained from the corresponding carboxytid apotassium

thiocyanate and aminotrifluorotoluene in tetrahydran Scheme ).

R
_soc, __KseN
DMF THF N _c=s
COOH cocl C

o

__THF
AN==C=s MW 1.5 mm
60-65 °C

R=H(1), OCH(2), CHs(3), CH,CI(4), F(5), CI(6), NQ(7)

O=ﬁ

Scheme 1Synthesis of acyl thiourea derivatives.

3.2. Spectroscopy

The FT-IR spectrum of the synthesized thiourea aamgs (-7) exhibited a broad band around 3300
cm* (-NH) due to the strong electron-withdrawing groupich is at the para position of N-benzene ring
(-CFs) and the formation of the C=0---H-N intramoleciigdrogen bond. The C=0---H-N intramolecular
hydrogen bond generated a red-shift of #fld-H) mode compared with the othes§N-H) stretching. A
very strong (2991-3208 c¢h band suggested the formation of the group of B$)( A strong (1667-1692
cm™®) and a medium intensity (772-783 ¢nbands have been observed in the FT-IR spectrimchvean be
ascribed to the stretching vibration of C=0 and @8Il the compounds, respectively. It is inteirggthat
thev(C=S) of the thiourea compound is assigned to lisemtion appeared at 1325 ¢in a reported paper
[49]. This phenomenon having such a low frequenmgssted that the formation of C=S---H-X hydrogen
bonds make to generate a red-shift in this pagedetermined from the X-ray analysis in the tipedes
[50-53]. Meanwhile, the strong (1667-1692 Bnbands corresponds to th€C=0) mode in all synthesized
compounds, which is similar in frequency to the C=®-X hydrogen bonding found in many
small-molecular studies [54]. Strong bonds couldobserved in the 1602-1611 ¢nin the synthesized
compounds, which were mainly originated in the Gt@tching vibrations of the benzene rings. Thedami
and thiourea groups present a characteristic bonthé 1500-1600 cthin the IR spectrum, which
originated by the N-H deformation mode. For thetsgrized compounds, 1525-1552 tare assigned to
this mode. Medium intensity bands expected to appeahe 1400-1300 cthregion in the vibrational
spectra of thiourea compounds are assigned to4Nesttetching vibration. However, the situation bees
complicated because C-N stretching modes are yst@lpled in symmetric and antisymmetric motiorts, [5

56]. Therefore, the NCN antisymmetric and symmestietching vibrations of the title compounds are



assigned to 1350-1342 chand 1171-1156- cthin-the infrared spectra of compourntd; respectively. The
C-F stretching modes originate medium intensityogtions in the 1123-1149 ¢

In the'™H NMR spectrum of all synthesized thiourea compayride protons of the two -NH groups
were obtained as single peak at 12.03-12.88 ars1112.09 ppm, respectively. The protons of benzene
rings were observed at 7.01-8.37 ppm. In'fl@NMR spectrum of compoundsand3, the chemical shifts
of carbons pertaining to CONH and CSNH moietieshef substituted thiourea ligand resonate at 168.66
ppm and 179.94 ppm fdr, 168.48 ppm and 179.97 ppm farDuo to the impact of F element, the carbon
atoms of the benzene rings will generate the cogppihenomenon. The chemical shifts of carbons of
4-amino-trifluoro cresyl are mostly identical inetttompoundd. and 3 (seeFig. S8 and Fig. S9n the

Electronic Supplementary Material of this paper).
3.3. Three-dimensional structures

Compound2, 4, 5, 6 and7 crystallize in the P-1, P-1, P-1, P2 and C 1 2/c 1 spatial group with an

only nonequivalent molecule adopting the S-shapadocmation, respectively, as is shown in Fig. 1.

The C-S and C-O bond lengths both show the expelatle-bond character in all the five molecular
structures %, 4, 5, 6 and7). The C(O)-N1, C(S)-N1 and C(S)-N2 bond lengtree{&bles S1-Shindicate
the partial double-bond character typical for tiyise of compounds which are in good agreement thigh
report related trifluoromethyl substituted benzespecies [57-62]. Compared to the unsubstituted [63]
1-benzoyl-3-phenylthioureas, the trifluoromethybstitution at C4 does not result in any significaffect

on these bond lengths which are consistent witlpéper reported by M.K. Rauf. [57].

The five molecular structure,(4, 5, 6 and7) consist of similar thiourea cores (-CONHCSNH-}hwi
different substitution groups. The cores are moptanar with O-C-N-C and C-N-C-S torsion angles of
1.90 and 172.89for 2, -5.50 and -171.26for 4, -4.01 (molecular(]), 4.79 (molecular(]) and -166.65
(molecular1), 173.94 (molecular 1) for 5, 0.28 and 175.06for 6, 4.97 and 175.06for 7 as well. The
crystal structure of compoun@s4, 5, 6 and7 along with their crystal packing diagrams are degul inFig.

1. Data collections and structure refinement detaits summarized ifable 1 Intra- and intermolecular
hydrogen bond parameters are listedTable 2 All the selected torsion angles and lengths bfaal/l

thiourea compounds are showables S1-S5

The dihedral angle between thenzene ring of p-trifluoromethylaniline (Ring Adcithebenzene ring
of substituted benzoyl chloride (Ring B) are 10.4®.06, 10.91, 2.63 and 8.55for compound<, 4, 5, 6
and 7, respectively. The compounds 4, 5, 6 and 7 of the corresponding angles with respect to the

(N/C/S/N/C/O) plane are 11.988.09, 20.66, 30.75and29.89 for the Ring A and 21.9267.13, 31.23,



28.82 and 32.3%for the Ring B, respectively.

It can be clearly seen that both intra- and intéecudar hydrogen bonds are presented in all ofehos
five acyl thiourea derivatives. Intramolecular N-H® and C-H---S hydrogen bonds form two S (6) rings
and contribute to the relative planarity of thelabjourea moieties [64, 65], which are quite diffiet from
the others trifluoromethyl substitution at the G233 [57-62]. In addition, the two moleculesafmpound
2 have two different orientations and a pair of amolecular C-H---F (-x, 1-y, 3-iteractions form a
second form of dimer in the cell unit. The crygtacking of compound is stabilized by intermolecular
N-H---S (-x, -y, -z hydrogen bonds, wherein atom S act as acceptariigr B (8) ring. The packing
diagrams of compounblshows the alternate N-H--(BX, 1-y, -z) action is bolstered by a C-H- - - &(1-y,
-z) contact generating an; R7) ring. The crystal packing of compouBddemonstrates intermolecular
N-H---O (x, y, 1+z) hydrogen bonds form D motif. Ariramolecular C-H---F and an intermolecular
C-H---F (-1+x, y, 2+z) interactions form an S (%#)grand a second form of dimer, respectively.
Intramolecular N-H---O actions form C (4) motif,dathe alternate N-H---(x, -1+y, z) actions are
bolstered by a C-H---O (X, y, -1+z) contact geimegaan R (7) ring in the packing diagrams of compound
7. Themode of the crystal packing of compouriiand 7 belong to a part of supermolecular chemistry.
Compared with the reported trifluoromethyl subsiiia thiourea derivatives [57-62], compounds 5 &nd
were stabilized by forming intermolecular hydrodsnds with water and ethanol molecular, respegtivel
The C-H---F hydrogen bonds to provide driving ferice self-assembly were formed in compouBasd6

due to the incorporation of the trifluoromethyl gpo Geometrical parameters of the C-Hinteractions for

compound® and4 were calculated by PLATON and the result was shiowfable S7.

2 The crystal packing dt



5 The crystal packing &

S (5)—. N2, 5

_ X a2
7 The crystal packing of



Fig. 1. The crystal structures of compourjgl, 5, 6 and7. Displacement ellipsoids are drawn at the 50% giodiby level.

Table 1

Crystal data and structure refinement parametersoimpound® and4-7.

Compound Compound? Compound4 Compouncb Compounds Compound?
Chemical formula CiH13FN2O,S  CigH1oCIFN,OS CisHigFaN,OS  CisHigFsNLCIOS CisHqgFsN3OsS:
-0.5 (HO) 0.5 (GHsOH)
Formula weight 354.35 372.79 342.31 366.76 392.35
Temperature (K) 296(2) 296(2) 296(2) 296(2) 296(2)
Wavelength (A) 0.71073 0.71073 0.71073 0.71073 0.71073
a (R) 4.8291(18) 6.663(3) 7.807(2) 11.776(4) 30.380(7)
b (A) 13.259(5) 8.250(4) 13.593(4) 28.887(9) 7.5658(17)
c (A) 13.880(5) 15.438(6) 14.312(4) 4.6167(14) 15.421(3)
o (degree) 114.099(6) 78.748(8) 81.965(4) 90.00 90.00
B (degree 95.442(7) 80.811(7) 85.382(4) 90.00 102.474(4)
v (degree) 90.250(7) 80.398(8) 81.585(5) 90.00 90.00
Volume (A% 806.7(5) 813.6(6) 1484.9(7) 1570.5(8) 3460.9(13)
VA 2 2 4 4 8
Dc (Mg/nt) 1.459 1.522 1.531 1.551 1.506
Crystal system Triclinic Triclinic Triclinic Orthorhombic Monoclinic
Space group P-1 P-1 P-1 P2(1)2(1)2 C1l2c1
Index ranges -5< h<b, 717<h<?7, -9< h<8, -14 < h < 10, -5< h<b,
-15< k<14, -8<k<)9, -16 < k<13, -33<k<34, -15<k< 14,
-12<1< 16 18 <1 <17 -17<1<17 -5<1<5 -12<1< 16
Absorption
0.244 0.400 0.266 0.415 0.243
Coefficient {v)
F (000) 364 380 696 744 1608
Theta range for data 1.68 to 25.10 1.36 to 25.10 1.44 to 25.10 1.41 to 25.09 1.37 to 27.20
collection f)
Reflections collected 4004 4020 7416 7782 9515
Independent reflections 2840 2860 5237 2801 3749
R (int) 0.0366 0.0390 0.0215 0.0819 0.0452



Goodness-of-fit onF?

(S)
R factor (%); R, R: 0.1358, 0.0967 0.1284, 0.0717 0.1318, 0.0718 0.1024, 0.0741 0.1464, 0.0710

1.072 1.025 1.029 1.053 1.000

Table 2

The intermolecular and intramolecular hydrogen Isoiod compoundg, 4, 5, 6 and7. Hydrogen-bond geometry: Distance,

A; angle, °.

Compound Donor-Hydrogen- - - Acceptor D-H (A) H---AA) D---AR) D-H---A (%)

2 N1-H1---01 0.8600 1.9000 2.637(7) 142.00
C4-H4---S1 0.9300 2.5400 3.202(7) 128.00
C15-H15---Fi 0.9300 2.4900 3.262(8) 140.00

4 N1-H1---01 0.8600 1.9600 2.672(6) 140.00
N2-H2- .S 0.8600 2.6000 3.451(5) 172.00
C6-H6---S1 0.9300 2.6400 3.200(6) 120.00

5 N1-H1...S2 0.8600 2.8700 3.711(5) 167.00
N2-H2---01 0.8600 1.8900 2.616(6) 141.00
N3-H3:--Sf 0.8600 2.8500 3.705(5) 173.00
N4-H4.--02 0.8600 1.8600 2.588(6) 142.00
C2-H2A---F4 0.9300 2.4800 3.390(9) 167.00
C5-H5.--S2 0.9300 2.8600 3.509(6) 128.00
C10-H10---S1 0.9300 2.7100 3.234(6) 117.00
C17-H17---F8 0.9300 2.4500 3.364(8) 166.00
C20-H20---S1 0.9300 2.7800 3.539(6) 140.00
C25-H25-.-S2 0.9300 2.6300 3.216(5) 121.00
C26-H26---F8 0.9300 2.4100 2.729(7) 100.00

6 N1-H1---02 0.8600 2.2200 3.008(6) 152.00
N2-H2---01 0.8600 1.8900 2.600(7) 139.00

C2-H2A---F3 0.9300 2.5200 3.443(8) 172.00




C10-H10---S1 0.9300 2.7300 3.222(7) 114.00

C11-H11---F3 0.9300 2.4200 2.741(8) 100.00
7 N3-H3---03 0.8600 1.9000 2.638(4) 142.00
N2-H2---04 0.8600 2.3900 3.217(14) 161.00
N2-H2.--O4 0.8600 2.3200 3.174(13) 170.00
C4-H4...0% 0.9300 2.5300 2.972(13) 110.00
C5-H5---01 0.9300 2.4500 3.244(6) 144.00
C13-H13---02 0.9300 2.4400 3.326(6) 160.00
Cl14-H14---S1 0.9300 2.6800 3.239(5) 119.00

Symmetry equivalent position: (a) -x, 1-y, 1-z; (k) -y, -z; (c) 1+X, -1+y, z; (d) 1-X, 1-y, -z;)(€l+X, y, 2+z; (f) X, Y, 1+z;
(g) X! y! _1+Z; (h) X1 _1+y, Z.

3.4. Hirshfeld Surface Analysis

Hirshfeld surface analysis and fingerprint plotsevearried out for the purpose of studying the reatu
of the intermolecular contacts and their quantiattontributions to the supramolecular assemblyhef
crystal structure of the synthesized compoundsof®6-The 3D dormHirshfeld Surface for compoun@s4,

5, 6 and7 are represented in tlirég. 2, where the value of.gmis defined for the equtation [69]:

Onom= (G- 1™ ) ™ +(det re™)/ re™.
The color of blue, white and red on Hirshfeld Soefas represented theog, value of positive, zero and
negative, and those colors implied the intermol@&cuantacts are longer, equal or shorter than aan d
Waals radii ('Y), respectively. As th€ig. 2 shows, the most intense red regions occur nedireté atom
and the C-H group where the F atom can be servadaptor and the C atom can be served as dotiog in
C-H---F hydrogen bond of compouBidsuch as illustrated in theig.1 (The crystal packing of 2) and
discussed in the three-dimensional structures aisalyhe red regions of the C=S group and the Ndd
are assigned to strong C-H---S hydrogen bondsthiee two red regions represent C---S contactsCHse
group appear to two red regions that is due to C$&C and N-H--- S=C hydrogen bonds in the compound
5 (Fig.1. the crystal packing db and Table 2). It is observed that hydrogen atom of the amidmug and
fluorine atom are involved in interaction contaatssulting in red regions in the Hirshfeld surfamfe
compound6 (Fig.1. the crystal packing 06 and Table 2). As can be seen in the Hirshfeld surface of the
compound?, the red region appear near to the O atom of ttne group which can be assigned to C-H---O

hydrogen bondsHg.1. the crystal packing of andTable 2).



The fingerprint points of the main intermoleculantacts for all five molecules are shown in Eg.
S10A The S:--H, F---H, O---H and H- - -H contacts asemted in th€ig. S10B, C, DandE, respectively.
For compound?2, the F---H contacts, with sharp pairs of spikesteced near a (gd) sum of 2.4A,
correspond to C-H- - -F hydrogen bokth( S10Q. The S---H and O---H contacts have pairs of spilats t
centered near a £&d;) sum of 2.8 and 2.&, respectivelyThe shortest contacts correspond to the very close
H---H contacts, showing a spike centered neagt@l{dsum of 2.6 A. The compoundsand7 are quite
different from the others compounds because theres@me contacts with an asymmetric pairs of spikes
For compound6, the O---H contacts have an asymmetric pairs ikespindicating O---H and H---O
contacts with different (gd)) distances near 2.1 and 2.5 A, respectively. RiwrHirshfeld surface analysis
and fingerprint plots point of view, the hydropholimteractions together with the hydrogen bondwipie

driving forces for self-assembly in the five compds.

Fig. 2 Views of the Hirshfeld surface for 5 crystal compda with thermal ellipsoids plotted at 50% prohigplevel.

3.5. Anti-fungal



Anti-fungal activity of thiourea derivatives incamating 4-(trifluoromethyl)phenyl moiety was
measured by the disk diffusion method against fetreins which includeFusarium graminearum
Sphaceloma ampelinynBotryosphaeria ribisand Botryosphaeria berengrianalhe result of anti-fungal
experiment is listed irFig. 3. Compoundsl (53.90%),3 (71.70%) and7 (58.23%) exhibited a better
inhibition effect than other candidates f&otryosphaeria berengrianaSphaceloma ampelinurand
Botryosphaeria ribisrespectively. Note that compound 6 (53.22%) agjdtnsarium graminearuninad a
better inhibition effect than the standard drug.154a for pyrimethanil). The inhibition rate of compw 2
(-0.61%) againsBotryosphaeria berengrianadicated the compound does not have effect orfuthgal, as
well as compoun® (-0.87%) againsFusarium graminearumrhose negative values may be the operating
errors. Compoundd, 5 and 6 possess a better inhibition activifiyr four different kinds of fungi than
compoundsl [17], 2, 3 and7, comprehensively. That indicates incorporatiomaibgen atom(s) within the
thiourea derivatives is able to enhance the lipagtyi of the medicines which is helpful for thefiehcy of
anti-fungal.

100 5 B Fusarium graminesrum

90 4{ M Sphacelomaampelinum
Botryosphaeria ribis
® Botryosphaeria berengriana

--- 50% inhibition
Fig. 3.Inhibition rate of 7 thiourea derivatives. Eachuatepresents a mean (n=5).

3.6. DPPH assay

The result of scavenging free radical of 7 compsuming DPPH method is shownTiable 3. DPPH
in its radical from has an absorbance at 517 nncthvieventually disappear when it is reduced by the
antioxidant compounds. In those regression equatioh represents the concentration of synthesized
thiourea derivatives which range from 4@§mL to 500ug/mL. However, Y exhibits the rate of scavenging

free radical. The excellent activities are found dompounds$ and6 with the IGyvalue of 191.75g/mL



and 189.75ug/mL, respectively, which are lower than the vati€50 pg/mL in the report [70]. Ascorbic

acid exhibited a strong antioxidant activity (muetver 100ug/mL) as a positive control.
Table 3

The antioxidant activity of synthesized thioureai\dsives.

Compound Regression equation sdGig/mL) Correlation coefficient R
1 Y=-0.0001%+0.1563X+13.392 287.00 0.9962
2 Y=-0.0001 X+0.1053X+23.794 403.50 0.9994
3 Y=-0.00007 X+0.1215X+0.466 »500 0.9967
4 Y=-0.00009 X+0.091X+31.342 271.51 0.9976
5 Y=-0.0002 X+0.2280X+13.658 191.75 0.9997
6 Y=-0.0002 X+0.1946X+20.304 189.75 0.9976
7 Y=-0.00008 X+0.1109X+26.982 254.38 0.9910

3.7. Molecular docking

It was reported that acyl thiourea derivatives pses®xcellent pharmaceutical activities like
antibacterial [5-7], anti-fungal [8-10], antioxidai7] and anti-HIV [18] etc. In recent years, atiylourea
compounds have developed a new and important appticancer. Therefore, docking was implemented to
screen the acyl thiourea compounds against HSPA0ren
HSP90

Heat shock protein (HSP90) is a master regulatomahy kinds of cancer-associated proteins.
Inhibitors of HSP90 play an essential and importadé in disrupting oncogenic signaling network at
multiple levels [71]. So the inhibitors of HSP9@ ar promise and broad spectrum anticancer agentsisl
paper, docking studies of thiourea compounds aga®P90 were done by AUTODOCK which was
installed on the window operation system. The PD8df HSP90 was obtained from RSCB Protein Data
Bank (PDB ID: 2VCJ)Fig. 4(a) and(b) show the model bonding of the co-crystal ligand aampoundl
with the active pocket of HSP90. It was observed tholecule preferred to interact with the HSPSfigin
and made several polar and non-polar interactidiisof acyl thiourea derivatives bind at the ressduof
HSP90 as shown iRig. 5. Asn51 and Gly137 are important amino acid resdfeHSP90, the two residues

can form hydrogen bond with thiourea compoundsrtivaace the stability of the complex. The docking



energy, hydrogen bond, the inhibition constapntakd the residue of HSP90 are listedTable S6 The
active pocket of HSP90 is mainly made of Ser50,PAsrSer52, Lys58, Asp93, Thro4, Gly97, Met98,
Aspl02, LeulQ7, Gly1l37, Phel38, Vall48, Lys1531B4s Thri84 and Vall86. The docking enerdy (
Ghinding) Produced by AutoDock is sum of two factor as [72]

A Gpinding =2\ Gintermolecular Energyr2\ Grorsional Energy
The intermolecular energy of compourdis -8.02 kcal/mol, the torsional energy is 1.49 lkual.
Compound3 bound at the active site of HSP90 with the bestibg energy (-6.53 kcal/mol) among 7
thiourea derivatives. Binding free energy, i.8& Gpinding Was determined for each. Molecules with lowest
A Gpindingvalues were considered as the most stable moledthehighest affinity for interaction with the
receptor. In addition, the inhibition constant iK defined as the concentration of competing kiban a
competition assay which would occupy 50% of theepgars if no radio ligand were present. The infobit
constant of the compound 3 have a best value (1&®®L) which demonstrated this compound with
highest affinity for receptor among 7 thiourea dates. Hence, the relative ability of compouhtb dock

with the HSP9O0 protein is the best in all synthegithiourea derivatives.

(@) (b)
Fig. 4.Cartoon view of HSP90 exhibiting the binding poctkits co-crystal ligand (a) and the synthesizedurea

compoundl (b).The formation of two polar (hydrogen) bonds showiyellow dashed lines .



AsnS1

Gly137 o

0 g, Vall36 &

Asp54

Ser52

Lys38
Gly135

Phel38
11e96
Gly97
Asp93
4
,
I Thrig4
I,
Thri9 Glyy? ) Vallss

Leu48
Asp102
AspS4 Asns1
Gly137 Leul07
"’lll//ézsl
0 2
¢9 Glyy7
i ovall3e Gly13s
YallggiCiiR oS Thr109
Phel38
Asp93
Asn5l1
Lyss8 AsnS1
Q
i o Gly137
\ Anss  Lews Phel38
o

Glyl3s
Asp34
Vall36

Gly9T

[t
(7
/”'/,, Thr184

AspS4

KO
Valls

Asp93

11e96
Glyy?

Aspli2 Thrl09 Vali3
£
“
%
7 Sers52
Thri184
s Asp54

Val186

Phel38 Glyl135 Thr109 Asp102

)\/ Leul07

H,

ZIe

Thr109

Thr184
Vall86

Phel38
Vall36

Thri84

1196

Lyss8

Isoxazole derivatives (Co-crystal ligand)

Phel38

LysS8



Fig. 5. All of thiourea compounds and co-crystal ligandwsimgy hydrogen bonds at the active site of HSP90.

4. Conclusion

In our study, 7 acyl thiourea derivatives were prep using the mentioned method in this paper dnd a
of them were characterized by some spectroscopimigues. The crystal structures of the 5 compo@ads
4, 5, 6 and 7) were firstly elucidated and uploaded at the Caager Structure Data Center. The crystal
structures revealed that the carbonyl thioureasunitall determined compounds are mostly planaridue
part to the formation of intramolecular N-H---O=@daC-H---S=C hydrogen bonds that form two S (6)
rings. The C-H---F hydrogen bonds to provide dgvorces for self-assembly were formed in compouhds
and 6 due to the incorporation of the trifluoronygtroup. The anti-fungal activity of 7 synthesized
compounds were initially screened by the disk diffa method and the result showed compouhdsand
6 had a better inhibition rate for four differenhlls of fungi, comprehensively. Compared with conmutsu
1, 2, 3 and7, halogen atom(s) are able to enhance its lipaptyilthat may be helpful for the anti-fungal
activity for compoundd, 5 and®6. In vitro DPPH anti-oxidant assay of the synthesized thiooogapounds,
compoundss and 6 had great antioxidant activities whichsiGralue are up to 191.75g/mL and 189.75
ug/mL, respectively. Molecular docking study of dotirea derivatives against HSP90 exhibited at the
active residues similar to the co-crystal ligantljali can suggest the 7 compounds may have theamtier
activity. To our study, the further research owitno the inhibition activity of 7 compounds agaih$SP90

is in progress and the docking can really to helpromote the development of medicinal chemistry.
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Highlights:
1. Six acyl thiourea compounds were firstly predaaed characterized.

2. It is firstly reportedintramolecular N-H---O=C and C-H---S=C hydrogerdbdorm two S (6) rings in

all the determined compounds.
3. Intermolecular contacts were explored using lie¢hHirshfeld surface and their 2D fingerprinttplo
4. All synthesized acyl thiourea derivatives showat-fungal and antioxidant activities.

5. Molecular docking against heat shock protein iwgdemented for biological evaluation.



