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Synthesis, structure and properties of 7’-((4-amino-5-thio-1,2,4-
triazole-3-yl)methyl)theophylline derivatives

A. S. Hotsulia**E, Ye. H. KnyshF

Zaporizhzhia State Medical University, Ukraine

A - research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation; D — writing the article;
E — critical revision of the article; F — final approval of the article

The combination of derivatives of 1,2,4-triazole and theophylline creates fertile soil for biologically active substances. The use of these
heterocyclic systems allows the use of simple chemical modification methods and available reagents. This determines the relevance of
the chosen direction of scientific research.

The aim of the work was to study synthesis methods and study the properties of heterocyclic systems containing theophylline and
1,2,4-triazole fragment in their structure, create a chemical variety that was interesting from a scientific point of view and was promising
in the search for biologically active substances.

Materials and methods. Theophylline was used as the starting material. Using alkylation reactions, hydrazinolysis, interaction with
a carbon disulfide followed by heterocyclization with an excess of hydrazine hydrate, 7’-((4-amino-5-thio-1,2,4-triazole-3-yl)methyl)
theophylline was obtained. The following stages of the chemical conversion included alkylation reactions with haloalkanes, the formation
of azomethine compounds by reaction with aromatic aldehydes, and the reaction with aromatic carboxylic acid chlorides. The structure of
the obtained compounds was confirmed by data of elemental analysis, 'H NMR spectroscopy and IR-spectrophotometry. The individuality
of substances was established by using high performance liquid chromatography with diode-array and mass spectrometric detection.

Results. S-alkylderivatives of 7’-((4-amino-5-thio-1,2,4-triazole-3-yl)methyl)-theophylline, Schiff bases and carboxamides were synthesized,
their structure was proved, and physical properties were investigated.

The synthesized compounds have been subjected to the in silico molecular docking study against the kinases of anaplastic lymphoma
by using the 2XP2 ligand, lanosterol 14-a-demethylase by using the 3LDG6 ligand, cyclooxygenase-2 by using the ligand 4Z0L which were
downloaded from the protein data bank (PDB).

Conclusions. Molecular docking has shown the ability of the synthesized compounds to influence the kinase activity of anaplastic lymphoma,
cyclooxygenase-2 and lanosterol-14-a-demethylase.

CuHTe3, OymoBa Ta BNacTUBOCTI noxigHux 7’-((4-amiHo-5-Tio-1,2,4-Tpia3on-3-in)metun)teodininy
A. C. Touyns, €. T. KHuww

MoepHanHs noxigHux 1,2,4-Tpiazony i TeodiniHy CTBOPIOE MiAIPYHTSA ANS ofepx)aHHA BI0NOriYHO aKTUBHUX PEHOBWH. 3aCTOCYBAHHS LINX
reTepoLMKNIYHMX CUCTEM A€ 3MOTy BUKOPUCTOBYBATW HECKNaAHi METOAM XiMiYHOI MoawmdikaLii Ta focTynHi peareHTy. Lie symosnioe
aKTyanbHICTb 0OpaHOro HanpsMy HayKOBMX MOLLYKIB.

Meta po6oTu — JOCNIMKEHHS METOAIB CUHTE3Y Ta BUBYEHHS BMACTUBOCTEW reTEPOLIMKNIYHNX CUCTEM, L0 MICTSTb Y CBOIN CTPYKTYPI
TeodiniH i 1,2,4-Tpia3onbHniA hparMeHT, CTBOPIOKOTL LiikaBe 3 HAayKOBOrO NOrMsAy XiMiYHe PiSHOMaHITTS Ta € NepCnekTMBHUMY B ranysi
noLUyKy GioNnoriYHO aKTUBHUX CyBCTaHLil.

Marepianu ta metoan. Sk BUXiAHY PEYOBUHY BUKOpUCTany TeodiniH. 3a AONOMOro peakLin ankinysaHHs, rigpasnHoniay, B3aEMOZIet0
3 kapboH AucynbdIaoM i3 HACTYMHOK reTepoLMKNi3aLicto 3a y4acTio HagnuLWKy rigpasvH rigparty otpumanu 7°’-((4-amiHo-5-Tio-1,2,4-
Tpiason-3-in)meTun)TeodiniH. HacTynHi cTagii XiMiYHOro nepeTBOPEHHS BKIKOYanM peakuii ankinyBaHHs ranoreHankaHamu, yTBOPEHHS
a30METMHOBMX CMOMYK LUMSXOM B3aEMOZIi 3 apoMaTUYHUMK anbaerigamu Ta peakLii B3aemogii 3 XnopaHrigpuaamm apoMatuiHiuX Kap-
6oHOBUX KkucnoT. CTpyKTypa ofepXKaHuxX Crosyk MigTBepakeHa aaHumm enemeHTHoro aHaniay, 'H AMP-cnekTpockonii Ta I4-cnekTpo-
doTomeTpil. IHAMBIAYanbHICTL PEYOBUH BCTAHOBIIEHA 3@ JOMOMOro BUCOKOE(EKTUBHOI PiAMHHOT XpomaTorpadii 3 AioAHO-MaTPUYHOK
Ta Mac-CNeKTPOMETPUYHOI AETEKLIE.

Pesyniratu. CuHtesyBanu S-ankinnoxigHi 7'-((4-amiHo-5-Tio-1,2,4-Tpiason-3-in)metun)teodiniHy, ocHosw LLndda Ta kapbokcamigm, go-
Benu ixHio BynoBy Ta focniguni disnyHi BnacTueocTi. CHTE30BaHI Cnonyku Niaaani AOKIHOBUM JOCTIMKEHHSM in Silico Ans BU3HaYeHHs
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Synthesis, structure and properties of 7-((4-amino-5-thio-1,2,4-triazole-3-yl)methyl)-theophylline derivatives

MOXIIMBOIO BMIIMBY Ha KiHa3y aHannacTU4HoT NiMcoMu 3 BUKOPUCTaHHAM firaHaa 2XP2, naHoctepon 14-a-aemeTunasy 3 BUKOPUCTaHHSAM
niraHaa 3LD6, umknookcurenasy-2 3 BukopuctaHHam niraHaa 4Z0L, ski otpumanu 3 banky aanux Ginkis (PDB).

BucHoBku. MonekynsipHuiA JOKIHT NOKa3aB MOXMUBICTb CUHTE30BaHUX CMOMNYK BNAXBATW HA aKTUBHICTb KiHa3u aHannacTUYHoi NiMpomu,
naHoctepon 14-a-aemeTunasu Ta LMKIIOOKCUreHasu-2.

Knwouogi cnoga: 1,2,4-Tpiason, TeodiniH, i3nko-xiMiyHi BNaCTUBOCTI, MONEKYNSAPHUIA JOKIH.
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CuHTe3, CTpOeHUe U CBOMCTBA NPOU3BOAHLIX 7’-((4-aMUHO-5-T0-1,2,4-Tpnaszon-3-un)metun)Teopunnmta
A. C. Touyns, E. T. KHbiw

CouetaHue NPOU3BOAHbIX 1 ,2,4-TpV|aaona n TeOd)VIJ'IJ'IVIHa cospaetr 6narouaTHyro noy4BYy And nonyvYeHnsa Gronornyecky akTUBHbIX BELLECTB.
anIMeHeHI/Ie 9TUX reTePOLNKITNYECKNX CUCTEM NMO3BONAET NCNOJTb30BATb HECITOXKHbIE MEeTOAbI XUMUYECKON MOLWI(*)I/IKaU,VIVI M OOCTynHblE
peareHTbl. 310 OGyCﬂOBﬂMBaeT aKTyalnbHOCTb Bbl6paHHOFO HanpaeneHUa Hay4HbIX NMOUCKOB.

Llens pa6oTkl — uccrnefoBaHWe METO0B CUHTE3a U U3Y4YeHUE CBOICTB reTePOLIMKINYECKIX CUCTEM, COAEpXalLMX B CBOEI CTPYKType
Te0UNNMH 1 1,2,4-TpNasoNbHbIA parMeHT, CO3AaKT MHTEPECHOE C HAy4YHON TOUKW 3PEHUst XUMUYEeCKoe pasHooBpasne 1 SBNATCS
MepcrnekTUBHLIMM B 06MacTy Noucka G1oNor1yeckn akTUBHBIX CyGCTaHLMIA.

Matepuansi n Mmetoabl. Kak ucxogHoe BeLLecTBO ucnornb3oBanyt TeodunivH. C NoOMOLLbI peakLmii ankunmpoBaHus, rTMapasnHonm3a,
B3aMMOZLENCTBUEM C KapOOH AWCYNbdMOOM C NOCnenyoLLel reTepoLmKnm3anmnen ¢ yyactnem usbbiTka rmapasuH rugpara nonyyeH
7-((4-amunHo-5-T110-1,2,4-Tpunason-3-un)metun)reodunnuy. Cnegyrowme cTagum XMMUYECKOro NpeBpaLLeHVs BKIKOYanu peakLmm anku-
NMpoBaHUs ranoreHankaHamm, o06pasoBaHnst a30METUHOBBIX COEMHEHWIA NyTEM B3aMMOLENCTBUSA C apOMaTUYECKUMU anbaerugamu v
peakumy B3arMOAENCTBUS C XNOpaHrmapyaaM apomaTnyecknx kapboHoBbIX KucnoT. CTpyKTypa NonyveHHbIX COeAMHEHNI NOATBEPXAEe-
Ha AaHHbIMK 3neMeHTHoro aHanmaa, 'H AMP-cnektpockonun n VIK-cnetpodoTomeTpu. MHAMBMAYaNbHOCTL BELLECTB YCTaHOBNEHA C
MOMOLLbH0 BEICOKOA((EKTUBHOW XMAKOCTHOWM XpoMatorpadum ¢ ANOAHO-MaTPUYHOM 1 MacC-CNEKTPOMETPUYECKON AETEKLMEN.

Pesynkratil. CHTE3MPOBaHbI S-ankunnpoussBoaHble 7’-((4-ammHo-5-11o-1,2,4-tpuason-3-un)metun)reodunnmnHa, ocHosanws LLndda
1 kapbokcammnabl, fOKa3aHo UX CTPOEHME U uccnefoBaHbl dmsnyeckue ceoiicTea. CUHTE3MPOBaHHbIE COEANHEHNS NOABEPTHYTHI AOKUH-
rOBbIM WUCCreAoBaHWAM in Silico Ana onpeaeneHns BO3MOXHOTO BIUSHWS Ha KWHA3y aHannacTuieckon nMMOMbI C MCMOb30BaHNEM
nuranga 2XP2, naHoctepon 14-a-gemetunasy ¢ ucnornb3oBaHueM nuraHaa 3LD6, uuknookcureHasy-2 ¢ ncnonb3oBaHnem nuraHga 4Z0L,
KoTOpble nonyyeHsl 13 baHka faHHbIx 6enkos (PDB).

BuiBogbl. MonekynsipHbIiii AOKUHT NPOAEMOHCTPUPOBAN BO3MOXHOCTb CUHTE3UPOBaHHbLIX COEANHEHUI BMUATL HA aKTUBHOCTb KMHA3bI
aHannacTuyeckon numomel, naHoctTepon 14-a-gemetunasbl U LMKIOOKCUMreHasbl-2.

KnioueBsle cnoga: 1,2,4-Tpua3on, TeounnmH, GUsnKo-XMMmyeckme CBONCTBA, MOMEKYNSAPHbIA JOKMHT.

AxTyanbHble Bonpockl (hapMaLieBTUYECKOW U MeaULMHCKON Haykm u npakTuku. 2020. T. 13, Ne 2(33). C. 176-181

The combination of xanthine and 1,2,4-triazole fragments
provides a promising direction in the search for biologically
active substances. There are many examples to support this
[7]. Thus, substances with analgesic, bronchodilatory and an-
tituberculosis activity were found in this class of compounds.

Methods of combining these compounds involve the forma-
tion of a 1,2,4-triazole moiety using xanthine as the starting
compound. The literature describes various approaches to
the conditions of this transformation [7]. But determining
the optimal conditions for this process remains relevant
despite the advances in research in this direction.

Aim

The aim of our work was to search for promising compounds
from the point of biological activity in a series of derivatives
that combine heterocyclic fragments of theophylline and
1,2,4-triazole.

Materials and methods

The implementation of the experimental part of the work
has been accompanied by the use of traditional methods of
organic synthesis [2,4,8]. Melting points were determined

in open capillary tubes in a “MPA 100”. The elemental
analysis (C, H, N) were performed through the “Elementar
vario EL cube” analyzer. IR spectra (4000400 cm™) were
taken using “ALPHA FT-IR spectrometer”. 'H NMR spectra
(400 MHz) were recorded at “Varian-Mercury 400" spectrom-
eter with SiMe, as internal standard in DMSO-d, solution.
Chromatography-mass spectral studies were conducted on
the instrument “Agilent 1260 Infinity HPLC” equipped with
amass spectrometer “Agilent 6120 (method of ionization —
electrospray (ESI)).

Chemistry

In the primary stage, the synthesis of theophylline ester was
performed using 2-chloroacetic acid, followed by hydrazino-
lysis and heterocyclization in excess of hydrazine. The formed
thiols were used in the reactions of alkylation, synthesis of
Schiff bases and carboxamides. The influence of the nature
of the solvent and the duration of heating on the yield of
the reaction products were investigated. Sodium salt, ester and
hydrazide were prepared according to known methods [7].
Hydrazinolysis and subsequent heterocyclization carried out
using traditional methods of organic synthesis. The resulting
7’~((4-amino-5-thio-1,2,4-triazole-3-yl)methyl)theophylline
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Fig. 1. The synthetic route of title compounds.

was used in S-alkylation and derivative reactions involving
the amino group (Fig. 1).
7’-((4-Amino-3-thio-1,2,4-triazole-5-yl)methyl)theophyl-
line (7). 1 g(0.02 mol) N,H,-H,0O was added to a solution of
3.66 g (0.01 mol) of the potassium 2-(2-(theophylline-7-yl)
acetyl)hydrazine-1-carbodithioate dissolved in 3 ml of water.
The mixture was refluxed for 2 h, cooled, diluted with water
and acidified with CH,COOH. The product was crystallized
from ethanol and isolated as a white solid.
Alkylderivatives of 7’-((4-amino-3-thio-1,2,4-triazole-
S-yl)methyl)theophylline (7.1-7.4). To dissolved in 30 ml
of propan-1-ol mixture of 0.005 mol of the thiol (7) and
an equivalent amount of NaOH add also an equivalent
amount of halogenalkane (iodomethane, iodoethane,
1-bromopropane, 1-bromobutane). Heat for 2 h, cooled,
the precipitate is filtered, washed with water and crystal-
lized from methanol.
7’-((4-Arylideneamino-3-thio-1,2,4-triazole-5-yl)meth-
vl)theophylline (7.5-7.7). The corresponding aldehyde
(0.005 mol) and 4 drops of H,SO, concentrated were added
to the compound 7 (0.005 mol) in 1,4-dioxane (50 ml). The
reaction mixture was refluxed for 8 h and then diluted with
50 ml of H,O. The product was crystallized from ethanol.

)\
>
S
N a
0
HN—NH
NH, N ﬁ<\ N
o _°* 2\ CH4COOH
0 > ——
/N 6
S S—R

R=C H2n+1 n= 1-4, R1 = CGHS’ 4-F-C6H4, 4-OCH3-CGH4

N-(5-((theophylline-7 -yl)methyl)-3-thioxo-1,2,4-triazole-
4-yl)benzamide (7.8). Benzoyl chloride (0.005 mol) was
added to a mixture of compound 7 (0.005 mol) and tri-
ethylamine (0.7 ml, 0.005 mol) in tetrahydrofuran (50 ml).
The reaction mixture was stirred for 10 h. The product was
crystallized from ethanol.

Molecular docking

Molecular docking was performed to obtain structural in-
formation on the interaction of the synthesized compounds
and the corresponding biological structure [5]. The X-ray
crystal structures of the corresponding biological targets from
the protein database (PDB-ID) in complex with the standard
ligand were previously downloaded: kinases of anaplastic
lymphoma in the complex of crizotinib (2XP2), lanosterol
14-a-demethylase with ketoconazole (3LD6), cyclooxy-
genase-2 with diclofenac (4Z0L). The ligands (crizotinib,
ketoconazole, diclofenac) were previously removed from
the primary structures. Carried out the joining of different
ligands to the protein using AUTODOCK. The conformations
of the ligand were analyzed in terms of energy, hydrogen
bonding and hydrophobic interaction between the ligand and
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the receptor protein. A detailed analysis of the ligand-recep-
tor interactions was performed and the final coordinates of
the ligand and receptor were saved as pdb files. The binding
energy (FEB) of all compounds was calculated.

Results

Optimal conditions were determined and 7°-((4-amino-
3-thio-1,2,4-triazole-5-yl)-methyl)theophylline was syn-
thesized and it new derivatives. The alkylation reactions,
synthesis of Schiff bases and carboxamides were carried
out with the synthesized thiols (Fig. ) [2,4]. The structure
of the obtained compounds was confirmed by 'H NMR
spectroscopy, chromatographic mass spectrometry and
elemental analysis.

In obedience to the IR spectroscopic data of the com-
pounds 7, 7.5-7.8 the observation of C=S stretching bands
at 1203—1217 cm’!. Valence vibrations of bonds of C-H alkyl
groups form bands in area 2935-2850 cm'. The synthesized
compounds are also characterized by valence vibrations of
the C=C bond of the aromatic rings at 1468—1453 cm™.

In the 'H NMR spectra of compounds (7.1-7.4) protons of
the S-alkyl fragments resonate in a strong field as a singlet,
a triplet or a multiplet in area 3.17-0.97 ppm. Proton of
the N=CH fragment forms a signal in the form of the singlet
at 8.82—8.71 ppm. The signal in the spectrum of compound
7.8 at 8.09 ppm corresponds to the proton of the CONH
fragment and resonates in the form of a singlet.

In the chromatic mass spectra, individual peaks of the mo-
lecular ion and peaks of the fragment ions are recorded,
which have a high intensity, which confirms the structure
and identity of the compounds 7, 7.1-7.8.

7’-((4-Amino-3-thioxo-1,2,4-triazole-5-yl)methyl)theophylline
(7). Yield: 86 %, m. p. 243-245 °C; IR (cm™): 3437, 3282 (N-H);
2873 (C-H aliphatic); 1692, 1650 (C=0); 1539 (N-H), 1468,
1455 (C=C, C=N), 1217 (C=S), 'H NMR, 6 (ppm): 13.52 (s,
1H, N*-H, triazole), 8.01 (d,/=10.6 Hz, 2H, NH,), 7.93 (s, 1H,
CH), 5.15 (s, 2H, N"-CH,), 3.56 (s, 3H, N°-CH,), 3.39 (s, 3H,
N'-CH,). Anal. calcd. for C, H N,O,S: C, 38.96; H, 3.92; N,
36.34; S, 10.40. Found: C, 38.86; H, 3.93; N, 36.43; S, 10.37.

7’-((4-Amino-3-methylthio-1,2,4-triazole-5-yl)methyl)
theophylline (7.1). Yield: 68 %, m. p. 214-216 °C; IR (cm™):
3312, 3183 (N-H); 2865 (C-H aliphatic); 1694, 1653 (C=0);
1472, 1455 (C=C, C=N). 'HNMR, ¢ (ppm): 7.96 (s, 1H, C*H
theophylline), 5.02 (s,2H, N’CH,), 5.34 (s,2H, NH,), 3.54 (s,
3H, N*-CH,), 3.45 (s, 3H, N'-CH,), 2.68 (s, 3H, CH,). Anal.
calcd. for C, H NO,S:C, 40.99; H,4.38; N, 34.76; S, 9.95.
Found: C, 40.88; H, 4.37; N, 34.85; S, 9.98.

7 -((4-Amino-3-ethylthio-1,2,4-triazole-5-yl) methyl)the-
ophylline (7.2). Yield: 81 %, m. p. 214-216 °C; IR (cm™):
3317,3177 (N-H); 2865 (C-H aliphatic); 1697, 1648 (C=0);
1461, 1453 (C=C, C=N); '"HNMR, J (ppm): 7.98 (s, 1H, C*H
theophylline), 5.27 (s, 2H, NH,), 5.03 (s, 2H, N'CH,), 3.52
(s, 3H, N*-CH,), 3.47 (s, 3H, N'-CH,), 3.17 (m, 2H, S-CH,-
CH,), 1.34 (t, J= 5.3 Hz, 3H, S-CH,-CH,). Anal. calcd. for
C.H N.O.S: C,42.85; H, 4.79; N, 33.31; S, 9.53. Found:

127716 872

C,4297; H, 4.78; N, 33.39; S, 9.50.

7’-((4-Amino-3-propylthio-1,2,4-triazole-5-yl)methyl)
theophylline (7.3). Yield: 73 %, m. p. 201-203 °C; IR (cm™):
3319, 3173 (N-H); 1699, 1646 (C=0); 1468, 1455 (C=C,
C=N); 'H NMR, 6 (ppm): 7.99 (s, 1H, C¥H theophylline),
5.35(s,2H,NH,), 5.00 (s, 2H,N’CH,), 3.55 (s, 3H, N°>-CH,),
3.42 (s, 3H, N'-CH,), 3.14 (t, J = 8.1 Hz,2H, S-CH- CH,-
CH,), 1.77-1.74 (m, 2H, S-CH,-CH,-CH,), 1.06 (t, J = 5.4
Hz, 3H, S-(CH,),-CH,). Anal. calcd. for C,,H N,O,S: C,
44.56; H, 5.18; N, 31.98; S, 9.15. Found: C, 44.67; H, 5.17,
N, 31.98; S, 9.23.

7’-((4-Amino-3-butylthio-1,2,4-triazole-5-yl)methyl)the-
ophylline (7.4). Yield: 69 %, m. p. 214-216 °C ; IR (cm™):
3318, 3175 (N-H); 1711, 1638 (C=0); 1459, 1451 (C=C,
C=N); 'H NMR, 6 (ppm): 8.01 (s, 1H, C®H theophylline),
5.39(s,2H,NH,),4.98 (s,2H,N’CH,), 3.51 (s, 3H, N°*-CH,),
3.44 (s, 3H,N'-CH,), 3.11 (t, /= 8.3 Hz, 2H, S-CH -(CH,),-
CH,), 1.69 (m, 2H, S-CH -CH -CH,-CH,), 1.43-1.39 (m, 2H,
S-(CH,),-CH,-CH,), 0.97 (t,J= 5.3 Hz, 3H, S-(CH,),-CH,).
Anal. calcd. for C, ,H, N,O,S: C,46.14; H, 5.53; N, 30.88; S,
8.80. Found: C, 46.03; H, 5.52; N, 30.82; S, 8.82.

7°-((4-(Benzylideneamino)-3-thio-1,2,4-triazole-5-yl)
methyl)theophylline (7.5). Yield: 79%, m. p. 224-226 °C;
IR (cm™): 3097 (C-H Ar); 1683, 1646 (C=0); 1468, 1453
(C=C, C=N), 1208 (C=S), 685 (C-H Ar); 'H NMR, ¢ (ppm):
13.54 (s, 1H, N2-H, triazole), 9.83 (s, 1H, SH), 8.71 (s, 1H,
N=CH), 8.06 (s, 1H, C*H theophylline), 7.42 — 7.33 (m, 5H,
CH,), 5.11 (s, 2H, N'CH,), 4.65 (s, 2H, CH,), 3.50 (s, 3H,
N°-CH,), 3.42 (s, 3H,N'-CH,). Anal. caled. for C ;H, N.O,S:
C, 51.51; H, 4.07; N, 28.27; S, 8.09. Found: C, 51.64; H,
4.06; N, 28.34; S, 8.07.

7’-((3-Thio-4-((4-methoxybenzylidene)amino)-1,2,4-tri-
azole-5-yl)methyl)-theophylline (7.6). Yield: 71 %, m. p.
235-237 °C; IR (cm™): 3092 (C-H Ar); 1699, 1641 (C=0);
1595, 1474, 1453 (C=C, C=N), 1203 (C=S), 790 (C-H Ar);
'HNMR, ¢ (ppm): 13.57 (s, 1H, N?-H, triazole), 8.82 (s, 1H,
N=CH), 8.03 (s, 1H, C*H theophylline), 7.61 - 7.53 (d,J=8.5
Hz, 2H, H-2,6, C.H,0CH,), 6.98 (d, J= 8.3 Hz, 2H, H-3,5,
C,H,0CH,), 4.88 (s, 2H, N'CH,), 3.82 (s, 3H, C.H,OCH,),
3.41 (s, 3H, N°>-CH,), 3.22 (s, 3H, N'-CH,). Anal. calcd. for
CHNOS: C, 50.70; H, 4.25; N, 26.28; S, 7.52. Found:
C, 50.58; H, 4.26; N, 26.22; S, 7.54.

7°-((4-(4-Fluorobenzylideneamino)-5-thio-1,2,4-tri-
azole-3-yl)methyl)theophylline (7.7). Yield: 68 %, m. p.
222-224 °C; IR (cm™): 3097 (C-H Ar); 1683, 1646 (C=0);
1591, 1468, 1453 (C=C, C=N), 1208 (C=S), 695 (C-H Ar);
"HNMR, ¢ (ppm): 13.53 (s, 1H, N*-H, triazole), 8.75 (s, 1H,
N=CH), 8.04 (s, 2H, C*H theophylline), 7.62 (t, 2H, H-2,6,
CHJF), 7.07 (t, 2H, H-3,5, C H,F), 493 (s, 2H, N'CH,),
3.52 (s, 3H, N°>-CH,), 3.43 (s, 3H, N'-CH,). Anal. calcd. for
C_H FN.O.S:C, 49.27; H, 3.65; N, 27.04; S, 7.74. Found:
C,49.41; H, 3.66; N, 26.96; S, 7.72.

N-(5-((theophylline-7 -yl)methyl)-3-thioxo-1,2,4-triazole-
4-yl)benzamide (7.8). Yield: 63 %, m. p. 214-216 °C; IR
(cm™): 3097 (C-H Ar); 1687, 1642 (C=0); 1465, 1448 (C=C,
C=N), 1209 (C=S), 713, 689 (C-H Ar); '"H NMR, ¢ (ppm):
13.56 (s, 1H, N*-H, triazole), 8.09 (s, 1H, NH), 7.97 (s, 1H,
C*H theophylline), 7.91 (d,J=7.1 Hz, 2H, H-2,6, C H.), 7.56
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(t,J=7.5Hz, 1H,H-4,CH,), 7.45 (t,J="7.4 Hz, 2H, H-3,5,
C,H.,),5.01(s,2H,N’-CH,), 3.41 (s, 3H,N*-CH,), 3.22 (s, 3H,
N'-CH,). Anal. calcd. for C _H, N.O,S: C,49.51; H,3.91; N,
27.17;S,7.77. Found: C, 49.37, H, 3.92; N, 27.09; S, 7.79.

The methodology for rational drug development involves
the use of molecular docking. Docking experiments of
synthesized compounds (7, 7.1-7.8) with the 2XP2 (ALK
tyrosine kinase receptor) receptor revealed that compound
7.8 is the most active with a calculated binding energy of 8.1
kecal/mol (Table 1) [3,6,8-10].

Analysis of complexes of synthesized compounds with
anaplastic lymphoma kinase showed the participation of
the following amino acid residues: A: ASP 1203, A: ALA
1148, A: ARG 1253, A: VAL 1130, A: LEU 1122, A: LEU
1198, A: LEU 1256 (Fig. 2).

The next stage is reaching at the base of the specified dis-
parity of synthesizing compounds to the site of the enzyme’s
link cyclooxygenase-2 (COX-2) (Table 2) [9]. Visualization
of the interaction of the most active compound (7) with
the center of COX-2 allowed to establish that it has a hydrogen
bond with the amino acid residue D: TYR 3355, in addition,
three pi-alkylhydrophobic interactions with D: LEU 3531,
D: 3523, D: 3352.

Docking of 1,2 ,4-triazole-3-thiol derivatives and reference
compound (ketoconazole) against the generated homology
model for lanosterol-140-demethylase was carried out (7a-
ble 3) [9].

Analysis of the complex of the most active compound
with lanosterol-14a-demethylase showed interactions with
the following amino acid residues: B: His 447, B: TYR 131,
B: ILE 377, B: ILE 379, B: PRO 376, B: MET 487.

Interactions
I Unfavorable Bump [ Ayl
[] carbon Hydrogen Bond [ Pi-AKkyl

- Pi-Sigma

Table 1. Energy values of the intermolecular interactions of the studied
compounds with anaplastic lymphoma kinase (2XP2)

_ kcallmol . kcallmol . kcallmol

-6.8 -71 -8,0
71 6,7 74 -7,8 7.7 -7.9
7.2 -7,0 7.5 -7,9 7.8 -8,1

Crizotinib 94

*E, ..+ The minimum energy of complex formation, kcal/mol.

Table 2. Energy values of the intermolecular interactions of the studied
compounds with COX-2 (4Z0L)

_ kcgilmol . kcé'ilmol . kcé'i/mol

-7,3 -3,6 -1,6
71 -5,1 74 -6.0 7.7 -2,7
7.2 -4,9 7.5 -2,3 7.8 -0,4

Diclofenac -6,6

Table 3. Energy values of the intermolecular interactions of the studied
compounds with lanosterol-14a-demethylase (3LD6)

_ kc;ilmol . kcz;'ilmol . kcé'ilmol

-74 -8.5 -9.8
71 -7.5 74 -8.7 7.7 9.5
7.2 -8.0 7.5 -9.4 7.8 -9.6

Ketoconazole | -10.1

TRP
D:3387

LEU
D:3384

MET
D:3522

Interactions

I Unfavorable Bump [C] Pi-Donor Hydrogen Bond

[ Conventional Hydrogen Bond B Pisigma
|:| Carbon Hydrogen Bond |:| Alkyl
- Unfavorable Acceptor-Acceptor :l Pi-Alkyl

Fig. 2. Visualization of affinity according to the docking: a — compound 7.1 with COX-2 (4Z0L); b — compound 7.5 with COX-2 (4Z0L) [1].
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Discussion

The results of molecular docking using three classes of sub-
stances demonstrate the different nature of the interactions of
synthesized substances with amino acid residues anaplastic
lymphoma kinase (2XP2), COX-2 (4Z0L) and lanosterol-
14a-demethylase (3LD6).

Amino acid modification of the starting molecule led to
an increase in the number of hydrogen chemical bonds and
hydrophobic interactions with anaplastic lymphoma kinase
(2XP2) and lanosterol-14a-demethylase (3LD6).

The appearance of an alkyl substituent for Sulfur of synthe-
sized substances may be justified in planning further studies
related to the search for inhibitors COX-2.

Conclusions

1. An universal method for the preparation of S-alkylde-
rivatives of 7’-((4-amino-5-thio-1,2 4-triazole-3-yl)methyl)
theophylline was developed. It was found that the highest
yield of the products of this chemical transformation was
observed in propan-1-ol medium and heated for two hours.

2. The synthesis was substantiated and the peculiarities
of the formation of reactions were established of the Schiff
bases and carboxamides based on 7°-((4-amino-5-thio-1,2,4-
triazole-3-yl)methyl)theophylline. The most suitable solvent
for synthesis of the Schiff bases was 1,4-dioxane, for carboxa-
mides — tetrahydrofuran.

3. The structure and individuality of the synthesized com-
pounds were confirmed by "H NMR, IR and LC-MS spectra,
elemental analysis.

4. The prospect of studying the antifungal activity of
the synthesized compounds based on the use of molecular
docking has been shown.

Prospects for further research. According to the research
results it is planned to expand classes of compounds to iden-
tify promising biologically active compounds among them.
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