Available online at www.der phar machemica.com

I'_Q\\?“ma Cégl
@ . | SSN 0975-413X Der Pharma Chemica, 2016, 8(3):64-70

CODEN (USA)Z PCHHAX (http://derpharmachemica.com/archive.html)
l=w=

\

** De,.
** 2D

Synthesis of 2-(4-aryl(adamantyl)-2-phenyliminothiazol-3-yl)-ethanol
derivatives and prediction of their biological activity

H. O.Yeromina', |. V. Drapak? L. O. Perekhoda®, V. D. Yaremenko'
and A. M. Demchenko®

National University of Pharmacy, 53, Pushkinska, $tharkiv, Ukraine
’Danylo Halytsky Lviv National Medical Universityil, Ukraine
%Institute of Pharmacology and Toxicology of NAMSdite, Kiev, Ukraine

ABSTRACT

The synthesis of new 2-(4-aryl(adamantyl)-2-phiemgbthiazol-3-yl)-ethanol derivatives has been carried. diite
structures and purity of synthesized compounds werfied on the basis of elemental analysi&, NMR-
spectroscopy and chromatography-mass spectrométoy.optimize the pharmacological screening of 2-(4-
aryl(adamantyl)-2-phenythinothiazol-3-yl)-ethanol derivatives «drug-likgparameters have been calculated and
simulation of biological properties has been dohavas established that 13 synthesized compounaigplyowith
Lipinski's Rule of Five and can be recommende@iperimental biological tests. Based on data PAGSigtion as
priority directions for experimental trials screeg for anti-ischemic and anti-inflammatory activihas been
chosen. The most perspective substances for exgréghbiological tests were elected.

Keywords: 1,3-thiazole derivatives, synthesis, spectral dattarsstics, «drug-likeness», virtual screening.

INTRODUCTION

Nitrogen-containing heterocyclic systems occupyigilpged place among the heterocyclic compoundsahse on
the their base founded more than 2000 drugs. Tdgs d¢onvincingly shows the relevance and expediesfcy
carrying out researches, aimed at developing nethodelogies obtaining 5- and 6-membered nitrogamtaioing
heterocyclic systems with a powerful synthetic Aiadogical potential [1].

Thiazol - 5-membered heterocyclic system with tvetehoatoms: Sulfur and Nitrogen - is a part of hig#ficient
drugs as norsulfazol, phtalazol, miconazole, dithiane iodide and others. In addition, thiazolawdgives are the
basis of thiamine (vitamin §3, antibiotics penicillin and cephalosporin grofips Among thiazole derivatives were
founded substances with analgesic [3], spasmditi@antioxidant and antiradical [5], antitumor [&§tivities.

Based on the above, as the object of our studyelearsed 1,3-thiazole derivatives, namely 2-(4-R{adamantyl)-
2-phenylminothiazol-3-yl)-ethanol derivatives. Purpouse of our kvowas the synthesis of new 2-(4-R-
aryl(adamantyl)-2-phenirhinothiazol-3-yl)-ethanol derivatives, confirmation of wtture, calculation of «drug-
like» parameters and simulation of biological propertssthesized compounds with further elimination of
undesirable molecules to optimize the pharmacoédgicreening.

MATERIALSAND METHODS

Synthesis of 2-(4-aryl(adamantyl)-2-pheimyinothiazol-3-yl)-ethanol derivative6.1-6.7, 7, 8.1, 8.8-8.12 has been
carried out in several stages (Scheme 1):
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8.1 R=H,
8.2 R= 4-CH(CH),,
8.3 R=4-0OCH,
8.4 R= 4-OGHs,
O- T

8.5 R= o
8.6 R=4-Cl,
8.7 R=4-Br,
8.8 R= 4-CH,
8.9 R= 3-0OCH,
8.10 R= 3,4-(OCH)»,
8.11 R= 4-OGHs,
8.12 R= 3-NQG,

Intermediate N-(2-hydroxyethyl)-N'-phenylthiour8awas synthesized according to general method dcimiby
unsymmetrical thioureas by interaction of phenyhgmcyanatel and 2-aminoethana? [7]. Carrying out the
reaction in the dry dioxane medium allows to raiseyield to 90%. Bromoketondq4.1-4.12), 5 were obtained by
bromination of corresponding acetophenones [8K-2+fl-2-phenyiminothiazol-3-yl)-ethanol derivative8.1-6.12
were obtained by boiling for 1-3 hours equimolaroamts of N-(2-hydroxyethyl)-N'-phenylthiour&and 2-bromo-
l-aryl-ethanonest (4.1-4.12) in the ethanol medium. 2-(4-Adamantan-1-yl-2-phéniiothiazol-3-yl)-ethanol
derivative 7 was obtained at similar conditions by the intdoactof compound3 and 2-bromo-1l-adamantyl-
ethanoneb. Hydrobromic salt$.8-6.12 were neutralized by 10% NBH solution. The resulting precipitates were
dried and crystallized. Target compouri$-6.7, 7, 8.1, 8.8-8.12 were crystallized from organic solvents and
obtained with the yields of 68-88%.

The target compounds — Hydrobromide 2-(4-aryl(ad#gigr2-phenylminothiazol-3-yl)-ethanol derivative&1-
6.7, 7 - are white crystalline substances, soluble in watsnluble in organic solvents.

The target compounds — 2-(4-aryl-2-phémyhothiazol-3-yl)-ethanol derivative®1, 8.8-8.12 - are white
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crystalline substances, soluble in organic solvensoluble in water.
MATERIALSAND METHODS

Chemistry

All solvents were purified before use. Phenylisotiyanate, 2-aminoethanol, acetophenone, 4-chloragttenone,
3,4-dimethoxyacetophenone, 1-adamantan-1-yl-etrewraomd other acetophenones were purchased from Acros
Organics and use without purification. Reactionsenmonitored by thin-layer chromatography (TLC)ngsFluka
silica gel (60 F 254) plates (0.25 mm). Visualieativas made with UV light. Melting points of synsimed
compounds were taken on a melting point titENMR spectra were recorded on Varian Gemini 400 Miiz
DMSO-d6 using tetramethylsilane (TMS) as an intest@ndard. Chemical shifts are reported in ppntswmse of d
scale. The mass spectra were recorded on an A¢ieMSD SL 1100 instrument (USA). Elemental anadysf
nitrogen content was carried out by Dumas method.

General procedure of the acetophenone bromination 4.1-4.12.

0,055 mol of bromine was added dropwise with sysked that the temperature of the reaction mixtidendt
exceed 3% to 0,05 mol of appropriate acetophenone in methét®0 ml). After discoloration all of bromine
reaction mixture was poured into 0,5 kg of crushwed Appropriate halohenketon was filtered, washitth water
and dried.

General procedure of the synthesis of hydrobromide 2-(4-aryl(adamantyl)-2-phenyliminothiazol-3-yl)-ethanol
derivatives 6.1-6.7, 7.

Equimolar amounts of N-(2-hydroxyethyl)-N'-phenydthrea 3 and 2-bromo-1-aryl(adamantyl)-ethanore$4.1-
4.7), 5 were boiled in ethanol for 1-3 hours while reactioanitoring by TLC. The obtained solid produ6t$-6.7,
7 were collected by filtration, washed with watedamystallized from the appropriate solvent.

General procedure of the synthesis of 2-(4-aryl-2-phenyliminothiazol-3-yl)-ethanol derivatives 8.1, 8.8-8.12.
Equimolar amounts of N-(2-hydroxyethyl)-N'-phenyttirea 3 and 2-bromo-1-aryl-ethanones (4.8-4.12) were
boiled in ethanol for 1-3 hours while reaction moring by TLC. The reaction mixture was poured dibiled,
evaporated till a volume of 15-20 ml and added 200Mml0% NHOH solution. The resulting precipitates were
dried and crystallized.

Hydrobromide 2-(4-phenyl-2-phenyliminothiazol-3-yl)-ethanol 6.1.

Yield 82%, m.p.=197-9& (propanol-2)'H NMR (400 MHz, DMSO-ds) &: 3,63 (t, H, CH,CH,OH), 4,21 (t, 2,
CH,CH,OH), 7,02 (s,H, CH-S). 7,41-7,62 (m, 10, Ar-H). Anal. Calcd for GH;,-BrN,OS N 7,42%. Found, %: N
7.44.

Hydrobromide 2-[4-(4-isopropylphenyl)-2-phenyliminothiazol-3-yl]-ethanol 6.2.

Yield 80%, m.p.=206-0%& (ethanol)."H NMR (400 MHz, DMSO-dg) &: 1,24 (d, &1, CH(CHs),), 2,99 (m, H,
CH(CHsy),), 3,65 (t, 21, CH,CH,OH), 4,20 (t, 21, CH,CH,OH), 6,99 (s,H, CH-S), 7,42-7,61 (m,I9, Ar-H). Anal.
Calcd for GgH»3BrN,OS N 6,68%. Found, %: N 6,69.

Hydrobromide 2-[4-(4*-methoxyphenyl)-2-phenyliminothiazol-3-yl]-ethanol 6.3.

Yield 73%, m.p.=210-1°€ (propanol-2)’H NMR (400 MHz, DMSO-ds) &: 3,65 (t, 21, CH,CH,OH), 3,85 (s, H,
OCHy), 4,26 (t, 1, CH,CH,0OH), 6,90 (s,H, CH-S), 7,05-7,43 (dd, 4H, Ar-H), 7,45-7,60 (n#,5Ar-H). Anal.
Calcd for GgH19BrN,O»S N 6,88%. Found, %: N 6,91.

Hydrobromide 2-[4-(4*-phenoxyphenyl)-2-phenyliminothiazol-3-yl]-ethanol 6.4.

Yield 81%, m.p.=188-8« (methanol)*H NMR (400 MHz, DMSO-dq) &: 3,65 (t, H, CH,CH,OH), 4,21 (t, 2,
CH,CH,OH), 6,95 (s,H, CH-S), 7,00-7,72 (m, H, Ar-H). Anal. Calcd for GzH,:BrN,O,S N 5,97%. Found, %: N
6,03.

Hydrobromide 2-(4-benzo[1,3]dioxol-5-1yl-2—pheny|iminothiazol-3-y|)-ethan0l 6.5.

Yield 71%, m.p.=217-1%€ (ethanol).'H NMR (400 MHz, DMSO-ds) &: 3,64 (t, 21, CH,CH,OH), 4,22 (t, &,
CH,CH,OH), 6,14 (s, 2H, O-CHO), 7,06 (s,H, CH-S), 6,99-7,63 (m,I8, Ar-H). Anal. Calcd for GH;/BrN,OsS
N 6,65%. Found, %: N 6,65.

Hydrobromide 2-[4-(4-chlorophenyl)-2-phenyliminothiazol-3-yl]-ethanol 6.6.

Yield 85%, m.p.=223-2%& (methanol)’H NMR (400 MHz, DMSO-ds) &: 3,63 (t, H, CH,CH,0OH), 4,18 (t, 2,
CH,CH,OH), 7,05 (s,H, CH-S), 7,41-7,67 (m,I9, Ar-H). Anal.Calcd for G;H;gBrCIN,OS N 6,80%. Found, %: N
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6,82.

Hydrobromide 2-[4-(4*-bromophenyl)-2-phenyliminothiazol-3-yl]-ethanol 6.7.

Yield 80%, m.p.=221-2Z (methanol)’H NMR (400 MHz, DMSO-dq) &: 3,63 (t, 4, CH,CH,0OH), 4,21 (t, 3,
CH,CH,OH), 7,05 (s,H, CH-S), 7,43-7,78 (m,19, Ar-H). Anal. Calcd for G;H¢Br.N,OS N 6,14%. Found, %: N
6,16.

Hydrobromide 2-(4-adamantan-1-yl-2-phenyliminothiazol-3-yl]-ethanol 7.
Yield 85%, m.p. >29%C (methanol). Anal.Calcd for&H,-BrN,OS N 6,43%. Found, %: N 6,44.

2-(4-Phenyl-2-phenyliminothiazol-3-yl)-ethanol 8.1
Yield 81%, m.p.=84-8% (hexane). Anal. Calcd for,@,N,OS, N 9,45%. Found, %: N 9,48. MS m/z: 297,2
[(M+H)+].

2-(4*-p-tolyl-2-phenyliminothiazol-3-yl)-ethanol 8.8
Yield 84%, m.p.=86-8T (hexane). Anal. Calcd for,&4,gN,OS N 9,02%. Found, %: N 9,06. MS m/z: 311,1
[(M+H)+].

2-[4-(3"-methoxyphenyl)-2-phenyliminothiazol-3-yl]-ethanol 8.9
Yield 79%, m.p.=103-1C€ (hexane). Anal. Calcd for,g4,gN,O,S N 8,58%. Found, %: N 8,60. MS m/z: 327,5
[(M+H)+].

2-[4-(3*,4*-dimethoxyphenyl)-2-phenyliminothiazol-3-yl]-ethanol 8.10
Yield 68%, m.p.=94-9% (hexane). Anal. Calcd for,6H,0N,OsS N 7,86%. Found, %: N 7,92. MS m/z: 357,5
[(M+H)+].

2-[4-(4-ethoxyphenyl)-2-phenyliminothiazol-3-yl]-ethanol 8.11
Yield 83%, m.p.=116-11°C (hexane). Anal. Calcd for,,0N,O,S N % 8,23Found, %: N 8,26. MS m/z: 341,3
[(M+H)+].

2-[4-(3"-nitrophenyl)-2-phenyliminothiazol-3-yi]-ethanol 8.12
Yield 88%, m.p.=121-12Z (benzene). Anal.Calcd for;@#5N;0sS N % 12,31. Found, %: N 12,35. MS m/z:
342,2 [(M+H)+].

The structures and purity of synthesized 2-(4-Rfadamantyl)-2-phenytinothiazol-3-yl)-ethanol derivatives.1-
6.7, 7, 8.1, 8.8-8.12 were confirmed by elemental analysid, NMR- and chromatography-mass spectra.

Development of effective medicinal substances Isngthy process and requires a huge financial ddwrefore
more often initial phase of search pharmacologicalttive substances is application of methaussilico, in
particularvirtual screening [9].

Application a computer program PASS-online and gdike» parameters are the effective methods auair
screening in searching of potential candidatestferdrug substance and predicting of biologicalagt[10].

Physical and chemical properties of drug’'s molecydiely an important role in pharmacokinetic proesssA
number of average values of physical and chemieafmeters that determine the bioavailability, héveen
calculated for tested substan€ék6.7, 7, 8.1, 8.8-8.12 by using computer prograndgCD/Labs and Molinspiration.
These values have been compared with optimal andnman allowable values according to «The rule of 5»
Lipinski [11]. Molecular weight, molar refractiomumber of hydrogen bond donors and acceptors haea b
calculated by using progralolinspiration, and partition-coefficient - by ngi ACD/Labs.

Any chemical substance can not be practically itigate on all known types of physiological activif¥2].
Therefore, in order to optimize experimental pharohagical researches prediction of biological datfivof the
synthesized compoundisl-6.7, 7, 8.1, 8.8-8.12 has been performed in the online version of thepder program
PASS (Prediction of Activity Spectra for Substancls3]. The basis of this program is universal reatiatical
algorithm of establishment of dependency betweersthucture and biological properties with an ageraccuracy
of prediction over 95% [14].
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RESULTSAND DISCUSSION

Theoretically cyclization of unsymmetrical thiousea possible in two ways - benzene ring of thiauresidue in
thiazole can be both at the exocyclic Nitrogen atamd at the endocyclic Nitrogen atom. Our assuwnpti
regarding the location of the benzene ring fordiethesized compoundsl-6.7, 7, 8.1, 8.8-8.12 at the exocyclic
Nitrogen atom is based on the basis of literata® @oncerning the passage of cyclization for simstructures
[15-18].

Chromatographic purity and molecular ion peak ttegfion for the 2-(4-R-aryl-2-phenyhinothiazol-3-yl)-ethanol
derivatives8.8-8.12 has been established using chromatography-massapec

Analysis of'H NMR spectra of the 2-(4-aryl(adamantyl)-2-phémyhothiazol-3-yl)-ethanol derivative&.1-6.7 are
displayed well defined genenasonance signals of the aromatic protons as netkiptd=7,00-7,80 ppm and of the
methine proton of thiazole cycle as singletéab,90-7,05 ppm. The signals of ethanol residue gmotfor all
compounds are presented at spectra as tripleds363-3,65 ppm (methylene group is not connectetth &h
Oxygen atom) and @t=4,18-4,26 ppm (methylene group connected with @ryatom).

Analysis of the results of calculation drug-likerg@eters (Table 1) showed that tested compoundszpéx
hydrobromide 2-[4-(%phenoxyphenyl)-2-phenyliminothiazol-3-yl]-ethanél, have average values of drug-like
parameters, which are close to optimum valueseklims that 13 tested compounds have no deviationstfre rules
Lipinski and it can provide good bioavailability @tal administration. The data in Table 1 is anantgnt argument
for further experimental pharmacological screermfgynthesized compounds.

Table 1 Thevalue of «drug-like» parameter s of 2-(4-R-aryl(adamantyl)-2-phenyliminothiazol-3-yl)-ethanol derivatives

Compound Descriptor
e MR %(cm) Log P | nOHNH' | nON°
6.1 377,3 88,91 4,02 1 3
6.2 419,38 102,37 5,36 1 3
6.3 407,42 94,73 4,00 1 4
6.4 469,39 115,41 6,01 1 4
6.5 421,31 93,45 4,06 1 5
6.6 411,74 93,51 4,74 1 3
6.7 456,19 96,47 4,91 1 3
7 435,42 102,78 5,24 1 3
8.1 296,39 88,91 4,02 1 3
8.8 310,41 93,34 4,48 1 3
8.9 326,41 94,73 3,97 1 4
8.10 340,44 99,34 4,50 1 4
8.11 356,44 100,54 3,85 1 5
8.12 341,38 94,57 4,38 1 6
Interval of values 296,39-469,39 87,51-11541 HdL 1 3-6
Average value 413,05 96,43 4,49 1 3,73
Maximum permissible valug 460 130 5,6 5 10
Optimal value 357 97 2,52 <5 <10

1 - molecular weight; 2 - molar refraction; 3 - gaion-coefficient; 4 - number of hydrogen bond dm) 5 - number of hydrogen bond
acceptors.
To choose priority directions for experimental gmimg of biological activity of 2-(4-R-aryl(adamght2-phenyiminothiazol-3-yl)-ethanol
derivatives6.1-6.7, 7, 8.1, 8.8-8.12 the results of PAS&aline prediction have been analyzed (Table 2).

Based on data PASS-prediction, all synthesized comgs with an index of activity Pa 0,77-0,85 carsgess
properties anaphylatoxin receptor antagonists.htiukl be noted that the highest activity index %0,®ave
substances with phenyl and p-chlorophenyl radicampounds6.1, 8.1 and 6.6, respectively). According to the
results of computer prediction in the spectrum ladinpnacological activity of the synthesized compauisda high
probability of manifestation of antischemic andretwal (Pa=0,43-0,67), anti-inflammatory (Pa=0,4@3) and
antidiabetic (Pa=0,38-0,59) activity. Theoreticdlhere is a possibility to use the compounds of gioup for the
treatment of atherosclerosis (Pa=0,46-0,61) aniérgad rhinitis (Pa=0,36-0,51), and also ability e K(ir) 6.2
channel activators (Pa=0,50-0,62). As the resulggsst all compounds except for 2-(4-benzo[1,3]aliéa<yl-2-
phenyliminothiazol-3-yl)-ethand.5 have antipruritic activity with Pa from 0,34 t@0,
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Table 2 Indexes of biological activity of 2-(4-R-aryl(adamantyl)-2-phenyliminothiazol-3-yl)-ethanol derivatives calculated by the program

PASS-online
Activity, Pa/Pi
Anaphylatoxin K(ir) 6.2 . . ) . Allergic
Compound rgcgptor c%aznnel Antiischemic, . Anti- Atherosclerosis Antidiabetic | Antipruritic rhini%is
p . cerebral inflammatory treatment
antagonist activator treatment

6.1 0,85 0,62 0,56 0,58 0,6 0,59 0,52 0,51
) 0,01 0,00 0,08 0,04 0,01 0,01 0,03 0,00
6.2 0,77 0,56 0,43 0,63 0,61 0,54 0,59 0,4
) 0,02 0,00 0,16 0,03 0,01 0,02 0,02 0,01
6.3 0,77 0,56 0,47 0,55 0,53 0,51 0,5 0,43
) 0,02 0,00 0,13 0,04 0,02 0,02 0,04 0,01
6.4 0,82 0,58 0,59 0,55 0,59 0,58 0,48 0,47
) 0,01 0,00 0,06 0,04 0,01 0,01 0,04 0,00
6.5 0,77 0,55 0,67 0,44 0,5 0,38 0,38
) 0,02 0,00 0,04 0,08 0,02 0,05 0,01
6.6 0,85 0,59 0,59 0,55 0,57 0,56 0,48 0,47
) 0,01 0,00 0,06 0,04 0,01 0,02 0,04 0,00
6.7 0,79 0,58 0,43 0,44 0,52 0,54 0,34 0,46
) 0,01 0,00 0,16 0,08 0,02 0,02 0,08 0,00

7 0,79 0,50 0,58 0,47 0,48 0,56 0,60 0,36
0,01 0,00 0,07 0,07 0,02 0,02 0,02 0,01

8.1 0,85 0,62 0,56 0,58 0,6 0,59 0,52 0,51
) 0,01 0,00 0,08 0,04 0,01 0,01 0,03 0,00
8.8 0,80 0,58 0,53 0,57 0,57 0,55 0,52 0,47
) 0,01 0,00 0,09 0,04 0,01 0,02 0,03 0,00
8.9 0,78 0,57 0,48 0,54 0,54 0,52 0,48 0,44
) 0,01 0,00 0,12 0,05 0,01 0,02 0,04 0,00
8.10 0,79 0,56 0,54 0,53 0,56 0,58 0,47 0,43
0,01 0,00 0,08 0,05 0,01 0,01 0,04 0,01

8.11 0,77 0,56 0,44 0,55 0,51 0,47 0,5 0,44
0,02 0,00 0,15 0,04 0,02 0,03 0,04 0,00

8.12 0,79 0,59 0,54 0,47 0,46 0,42 0,41 0,43
) 0,01 0,00 0,09 0,07 0,03 0,04 0,06 0,01

CONCLUSION

1. The synthesis of undescribed in the literat@réd-R-aryl(adamantyl)-2-phenyhinothiazol-3-yl)-ethanol
derivatives wasarried out for the purpose of searching for newdgjwally active compounds and the structure of
synthesized compounds were confirmed by elementdysis,"H NMR- and chromatomass-spectra.

2. All compounds were tested for compliance LipilsskRule of Five; by test results, twenteen 2-(4-R-
aryl(adamantyl)-2-phenirhinothiazol-3-yl)-ethanol derivatives comply withquirements and can be recommended
for experimental biological tests.

3. Screening for anti-ischemic and anti-inflammstacctivity as priority directions for experimenttalals was
chosen. The most perspective substances for expetahbiological tests were elected.
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