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The problem of searching biologically active compounds amidst xanthine derivatives is a crucial one and is an issue for long-term investigation.

Aim. In order to find new biologically active compounds among xanthine derivatives, undescribed earlier 8-benzylidenhydrazino-1-p-
methylbenzyltheobromines have been synthesized.

Methods and results. Reaction of 1-p-methylbenzyl-8-bromoxanthine with the excess of hydrazine hydrate in the aqueous dioxane is imple-
mented through formation of 8-hydrazine- 1(4-methylbenzyl)theobromine. Through the interaction of 8-hydrazinetheobromine with aldehydes in
aqueous propan-2-ol respective 8-benzylidenhydrazino-1-p-methylbenzyltheobromines have been obtained. Structure of synthesized compounds
has been definitely proved by NMR-spectroscopy.

Conclusions. Molecular and pharmacological descriptors of obtained substances have been calculated. The antioxidant activity of the obtained
compounds has been explored. Priorities for further search of biologically active compounds in a range of xanthine derivatives have been set out.

Cunre3s, ¢gizuko-ximiuHi Ta 6iosoriuni B1acTuBocti 1,8-1u3amimenux reodpominy.
V. 8-Bensuaigenriapasuno-1-n-MeTua0eH3MATEOOPOMIHI

M. I Ieanyenxo

[Tpo6iema monryKy 6i0JIOTIYHO aKTUBHUX CHOJIYK CEePeJ ITOXITHUX KCAHTHHY € aKTYaJIbHOIO Ta MEPCIIEKTHBHOIO. 3 METOI0 CTBOPEHHS HOBHX
010JI0T1YHO aKTUBHHX CIIOTYK ITOX1THIX KCAHTHHY CHHTE3YBaJIl HEOIICaHi B JIITepaTypi 8-OCH3MIII ICHT 1 Ipa3uHO- | -I-METHIIOCH3MITEOOPOMiHH.
Peakuiero 1-n-mMeTunOeH3mI-8-0pOMOTE0OPOMIHY 3 HAJIHILIKOM Tipa3uHy riJpaTy B CEPeJOBHILII BOJHOIO AIOKCAHy OTPUMAITH | -TI-MeTHIOSH3MII-
8-rinpaznHoreobpomin. B3aemonist 8-rifzpaznHoTeoOpoMiHy 3 albJerilaMy B CepelOBHIL BOAHOTO IIPOIIAHOITY-2 MIPU3BENA JI0 YTBOPESHHS BiJl-
MOBITHUX 8-O0€H3WIIACHTIApa3uHO- 1 -1T-MeTHIoeH3nnTe00poMiniB. CTpyKTypa CHONYK OJHO3HAYHO JoBereHa MeTogoM [IMP-criekTpockormii.
JInst CHHTE30BaHUX PEYOBHH PO3PaxyBalld MOJISKYJSIPHI Ta (apMakonoriuti aeckpunrtopu. JlaHi, o ofepxaiu, CBiI4aTh Mpo AOLITbHICTh
HACTYITHUX JOCIIJUKEHB in Vitro Ta in vivo. BUBYMIN aHTHOKCHIAHTHY aKTHBHICTS (in Vitro). BcTaHOBHIIM NIPiOpHUTETH JUIs HOIIYKY 0i0JIIOrYHO
AKTHBHHX CIIOJIYK B Psi/ii MOXITHUX KCAHTHHY.

Knrwwuosi cnosa: kcanmun, opeaniynuti cunmes, [IMP-cnexmpockonis, 2ocmpa mokCuuHicmy, aHMUOKCUOAHMHUL egheKxm.
3anopizekuii meduunuii yxcypuan. — 2015. — Ne5 (92). — C. 89-92

Cunre3, GuU3NKO-XMMHYeCKHe U OHoJIornyeckue cpoiicTea 1,8-1u3aMeniéHHBIX TeOOPOMMHA.
V. 8-BensuinaeHrugpasnHo-1-n-MeTua0eH3WJITE00pOMHUHBI

. I Heanuenxo

IIpobnema moncka GHOTOTHUECKH AaKTUBHBIX COSTHHEHUH CPey IIPOM3BOJHEIX KCAHTHHA aKTyaJlbHA U IepcrnekTuBHa. C [eblo CO3MaHus
HOBBIX OMOJIOTMYECKH aKTHBHBIX COSTMHEHNI ITPOM3BOJHBIX KCAHTHHA CHHTE3UPOBAIN HEOITHCAHHBIE B INTEPaType §-0€H3MINACHTHPa3HHO-
1-n-mMeTunOeH3unTeoOpoMuHsl. Peakuunei 1-nm-metnnben3nn-8-0poMTeoOpoMUHa ¢ N30BITKOM THAPA3UH THAPATa B Cpelie BOAHOTO AMOKCaHa
MOTYYHIH | -[I-MeTUIIOEH3UI-8-THAPa3snHOTe0OpoMHUH. B3aumonelicTBue 8-rupasnHOTE00pOMIHA C ANbACTHAAMH B CPeJie BOJHOTO IPONAaHOIa-2
MIPUBEIIO K 00PAa30BaHUIO COOTBETCTBYIOUINX 8-0CH3MINACHTUAPA3UHO- | -TTI-MeTUI0eH3UATE0OpOMUHOB. CTPYKTYpa CHHTE3UPOBAaHHBIX COEAU-
HEHHI 0IHO3HAYHO JI0Ka3aHa MeTozoM [IMP-criekTpockonuu. Paccuntansl MoneKysipHble U (hapMaKoIorHieckue 1eckpuntopsl. [lomyueHnbie
JTAHHbBIE CBUJICTENILCTBYIOT O 11€1eCO00Pa3HOCTH JANBHEHIINX HCCIIeOBaHUH in Vitro U in vivo. M3ydeHa aHTHOKCHIAHTHAS! aKTUBHOCTS (in
Vitro). YCTaHOBIICHBI IIPHOPHUTETHI IS TATBHEHIIIEro NOMCKa OMOIOTHUSCKH aKTUBHBIX COSIMHEHUI B PsTy TIPOM3BOJHBIX KCAHTHHA.

Knwouesvie cnosa: kcanmun, opeanuueckuii cunmes, [IMP-cnekmpockonus, ocmpas moKCU4HOCMb, AHMUOKCUOAHMHBLIL P deKn.
3anopoocckuii meduyunckuil ycypuan. —2015. — Ne5 (92). — C. 89-92

xygen is an abundant molecule in biological systems.

Despite being a radical, it is sparingly reactive because its
two unpaired electrons are placed in different molecular orbitals
and demonstrate parallel spins. Thus, oxygen undergoes univa-
lent reduction to form superoxide (0*) by means of enzymes
such as the nicotinamide adenine dinucleotide (phosphate)
oxidases and xanthine oxidases. Nonenzymatically, oxygen can
also become O by reacting with redox active compounds such
as semiubiquinone of the mitochondrial electron transport chain
[1]. Superoxide anion is dismutated enzymatically to become
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H,O, through the action of superoxide dismutases (SODs)
[2]. In biological tissues, OJe can also undergo nonenzymatic
transformation into H,O, and singlet oxygen [3]. H,O, can re-
act with other radicals such as transition metal Fe*" to produce
highly reactive hydroxyl radicals (OHe¢); this is known as the
Fenton reaction. These radicals are capable of destroying bio-
molecules through oxidation. When Fe’* initially oxidizes O,,
molecular oxygen and Fe?* are generated; the Fe*" initiates the
Fenton reaction and this regenerates Fe** which perpetuates the
production of OHe [4].
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In response to growth factors and cytokines, and during
normal metabolic events such as respiration and phagocytosis,
eukaryotic cells produce oxidants. To compensate this, the cells
have evolved both enzymatic and nonenzymatic mechanisms to
protect against oxidants’ toxic effects. The enzymatic mecha-
nisms include the actions of enzymes such as SOD, catalase,
and glutathione peroxidase. The nonenzymatic antioxidants
include glutathione, ascorbate, and a-tocopherol. However,
in pathophysiologic circumstances, an excess of oxidants can
overwhelm the scavenging capacity of cellular antioxidant
systems. The subsequent oxidative stress damages the cell’s
lipids, membranes, proteins, and DNA.

Thus, creation of new modern drugs, that have antioxidant
properties, is important and promising trend.

We have previously shown prospective search of antioxidants
among derivatives of theobromine [5—7].

The aim of this paper is to elaborate unique methods un-
specified in scientific papers earlier, to synthesize 8-benzyliden-
hydrazino-1-p-methylbenzyltheobromines, which are potential
bioactive compounds, and to study their physical, chemical and
biological properties.

Synthesis of 8-bromo-1-p-methylbenzyltheobromine (1),
8-hydrazino-1-p-methylbenzyltheobromine (2) is described in
works [5], respectively.

Synthesis of 8-benzylidenhydrazino-1-p-methylben-
zyltheobromines (3-7). The solution of 1.57 g (0.005 mol)
8-hydrazino-1-p-methylbenzyltheobromine (2), 0.006 mol of
corresponding aldehyde, 20 ml H,0, 20 ml propan-2-ol and 5
drops of HCI was boiled for 10 minutes, cooled. The precipi-
tate was filtered off, washed with water and crystallized from
aqueous propan-2-ol.

Molecular descriptors have been calculated using the com-
puter programs ALOGPS and DRAGON, whereas biological
properties of the synthesized compounds have been calcu-
lated with the help of GUSAR and ACD / Percepta Platform.
Antioxidant activity (AOA) has been studied in vitro apply-
ing the method of nonenzymic initiation of free-radical oxidation
[8]. As reference substances for comparison Ascorbic acid and
Thiotriazolinum have been used. Data of the biological effects
of 8-benzylidenhydrazino-1-p-methylbenzyltheobromines have
been shown in Table 3.

Materials and methods of research Table 3
The melting point has been determined with the help of an Biological activity of synthesized compounds
open capillary method with PTP-M device. Elemental analysis
has been performed with the help of the instrument Elementar AOA, %
Vario L cube, NMR-spectra have been taken on a spectrometer Compound C=102mol/L | C=10% mol/L | C=107 mol/L
Bruker SF-200 (operating frequency of 200 MHz, solvent 3 75,61 26,83 14,63
DMSO, internal standard — TMS). These data correspond to 4 75,61 14,63 17,07
the calculated elemental analysis. 5 80,0 41,77 31,77
Analytical data of synthesized compounds are shown in 6 80,52 35,07 29,87
Tables 1, 2. 7 88,51 37,93 31,04
Table 1 Ascorbic acid 65,31 39,13 43,59
Physica]_chemical properties Thiotriazolinum 33,90 22,60 7,63
of the synthesized compounds (3-7)
Results and their discussion
Compound meling? The empirical formula Yield, % Through the interaction of bromoxanthine (2) with the excess
of hydrazine hydrate in the aqueous dioxane an 8-hydrazine-1(4-
3 234-235 C,H,.N,O, 32,4 : : .
methylbenzyl)theobromine (3) has been obtained. This com-
4 238-239 CotlNsO, 89,7 pound under short-time heating up with aldehydes in aqueous
5 230-231 CpaHaN:O, 81 propan-2-ol, also presented with equimolar amount of HCl
6 170171 CosHsN:O, 97.4 forms respective benzylidenhydrazine derivatives of 1-(4-meth-
7 232-233 CoHN,O, 89,3 ylbenzyl)theobromine (3-7) (Scheme I).
Table 2
NMR Spectra of Synthesized Compounds 3—7 (6 , ppm)
Compound CH, . (Sf\l:ﬂH) (§=1C:) (’\3112:2) (’;{%I:f) (CSH?;'T'“)“ Other resonances
7.58 (d, 2H); 7.22 (d, 2H);
3 707 ((d, 2H)); 6.97 ((d, 2H)) 10.97 | 8.09 5.01 [3.79;3.39| 224 3.93 (s, 3H) — OCH,
4 77%67 (((:1" 22HH))’; 2;2 (((211 22:))’ 11.29 | 8.03 496 |3.82;336| 223 4.04 (q, 2H) — OCH,; 1.31 (t, 3H) — CH,
5 7'26;77'31(5"";&“); 1127 | 797 | 496 |3.79;3.36| 2.23 9.41 (s, 1H) — OH; 3.91 (s, 3H) — OCH,
6 77'_51% ((‘3" 22:))’; 77'_4(';; ((f'j" 22:)) 11.36 | 8.06 | 4.97 [3.92;337| 224 |2.93-2.83(m, 1H)~ CH-Ar; 1.19 (d, 6H) - (CH,),
7.45 (d, 2H); 7.18 (d, 2H);
7 7.OS7 (((:j" 2H)),; 6.782 (((:11, 2H))‘ 11.09 | 7.96 497 |3.91;3.36| 2.23 2.94 (s, 6H) - (CH,),
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H,0-niokcan

H,N-NH,. H,0 /O/\ )‘jTN/

NH,

3
R= OCH;, R;= H (3); R= OH, R= OCHj; (4); R= OC,H;5, R;=H (5);

R= CH(CH3)2, Ri=

To prove the structure of synthesized compounds, their NMR
spectra have been recorded and interpreted. The presence
of benzene rings in position 1 and 8 of benzylidenhydrazine
derivatives (3,4,6,7) are clearly demonstrated by 4 duplets of
aromatic protons at 7.58—6.72 ppm with intensity in two proton
units each. It should be noted that aromatic systems in a structure
of 1-(4-methylbenzyl)-8-(4-ethoxybenzylidene)hydrazinotheo-
bromine (5) are registered in a form of multiplet and duplet at
7.2-7.01 ppm (6H) and 6.79 ppm (2H) respectively. Methylene
group protons, linked with a nitrogen atom in position 1 are
recorded as intensive singlet at 4.98 ppm (2H). Protons of N-
methyl groups in positions 3 and 7 of theobromine fragment are
registered in a form of intensive singlets at 3.92-3.79 ppm (3H)
and 3.39-3.36 ppm (3H) respectively.

Also, in NMR spectra of hydrazones 3-7, signals of NH,-
group protons in hydrazine residue are not detected. Meanwhile,
signals of NH-group protons in position 8 are shifted dramati-
cally in a low field and are registered there as singlets within
the range of 11.36-10.97 ppm (1H). This is explained by the
transition of a neighboring nitrogen atom to the sp>-hybrid state,

H (6); R= N(CHz)2, Ri=H (7)

which in its turn leads to its electronegativity amplification.
Methylidene protons are registered as singlets in a fairly small
range of 8.09-7.96 ppm.

All other signals of proton substituents in position 8, their loca-
tion, shape and intensity are fully consistent with their structure.

Further properties of the synthesized compounds have been
calculated. It has been found that all benzylidenhydrazino-
theobromines satisfy to the Rule of five [9], which means that
the Lipinski index for all substances is 0 (7able 4). Further the
Ghose filter has been used. It should be noted that compounds
6 and 7 in terms of polar surfaces do not satisfy to all criteria
the Ghose filter [10].

The application of ACD/Percepta Platform has allowed
calculating the absorption characteristics, permeability via
blood-brain barrier, as well as establishing probable transport
forms of blood of the synthesized compounds. Thus, it is assumed
that synthesized substances stable in an acidic environment (pH
<2) and passively absorbed in the small intestine. Lipoproteins
are probable blood transport form of all synthesized compounds.
Furthermore all derived substances are characterized by good
permeability of the blood-brain barrier (7able 5).

Table 4
Molecular descriptors of synthesized compounds (3-7)
Compoud M, Da Number LogP TZSZA’ Molar refractivity, m*/mol
Atoms Donors of H* Acceptors of H*
3 433 56 1 5 3,88+0,39 95,44 123,327
4 447 57 1 5 4,25+0,45 95,44 128,075
5 449 57 2 6 3,45+0,51 115,67 125,021
6 445 61 1 4 5,09+0,52 86,21 131,055
7 446 60 1 4 4,07+0,42 89,45 131,292
Table 5
Pharmacological descriptors of synthesized compounds (3-7)
Compound Absorption Drug Binding to Plasma Proteins Blood-Brain Barrier Transport
Pe, sm/s Ka, min-! PPB, % LogK Hs# LogPS LogPB Log(PS*fu, brain)
3 7,19-10* 0,049 96,44 3,48 -1,3 0,36 -3,1
4 7,09-10* 0,049 96,81 3,52 -1,3 0,36 -3,1
5 7,12-10* 0,049 96,32 3,21 -1,5 0,35 -3,3
6 7,04-10* 0,048 97,81 3,62 -1,3 0,36 -3,1
7 7,06-10* 0,048 96,07 3,45 -1,3 0,36 -3,1
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Table 6
Acute toxicity of synthesized compounds in silico
LD,,, mg/kg
Compound Oral rout of administration Intraperitoneal rout of administration Intravenous rout of administration
mice rats mice rats mice rats
3 450 1875,0 380 659,1 71 194,0
4 470 1234,0 440 694,6 66 171,8
5 520 1787,0 340 758,1 74 2223
6 380 1539,0 360 615,2 55 115,8
7 380 1280,0 340 499,7 60 174,3

Assisted by computer programs GUSAR and ACD / Percepta
Platform, further on there the acute toxicity rate for rats and
mice have been calculated. According to the data synthesized
substances belong to Class IV of the toxicity (7able 6).

Thus the findings have shown the feasibility of further studies
in vitro and in vivo.

The studies in vitro have shown that all the compounds in
terms of AOA in concentration 10~ mol / L exceed the standards
of comparison (7able 3). The most active compound in this
concentration is 8-(4-dimethylamino)benzylidenhydrazino-1-p-
methylbenzyltheobromine (7).

Substitution dimethylamine radical in the para-position of
the benzylidenchydrazine fragment for the isopropyl group
leads to a decrease in antioxidant activity in concentrations of
10~ mol / L only. It should be noted that the introduction of the
hydroxyl group in position 3 of the benzylidenehydrazine frag-
ment reduces antioxidant activity at a concentration of 10~ mol

/ L only. Replacement of the methoxy group in the position 4 of
the benzylidenehydrazine fragment for the ethoxy group leads
to an increase AOA in all concentrations.

For the final conclusions we should conduct the additional
researches. The work in this area is continued.

Conclusions

1. Accessible laboratory methods have been elaborated for
synthesis of 8-benzylidenhydrazino-1-p-methylbenzyltheo-
bromines, the structure of which has been proved by elemental
analysis and NMR-spectroscopy data.

2. Molecular (LogP, TPSA, A) and pharmacological (Pe,
Ka, PPB, LogK "%, LogPS, LogPB, Log(PS*fu)) descriptors
have been calculated to prognosticate properties of obtained
substances, in addition to index of acute toxicity.

3. Antioxidant activity of synthesized compounds has been
studied and priorities for further research of biologically active
compounds have been outlined.
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