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Abstract. In silico and in vivo screening of triamterene synthetic analogues as promising diuretics. Sokolova K.V.,
Stavytskyi V.V., Voskoboinik O.Yu., Podpletnya O.A., Kovalenko S.I. The modification of lead-compound aimed to the
increasing of activity, decrement of toxicity or improvement of selectivity is one of the most important methods used for
elaboration of novel medications. Natural compounds, approved or investigational drugs or just compounds with proved
biological activity could be the lead-compound. Often the chemical modification of lead compounds is directed at the
enhancement of ligand-biological target interactions. Abovementioned approach, namely structural modification of known drug
triamterene was used for purposeful search for novel diuretics. The preliminary prognostication of ligand-target interactions
and affinity levels allow to reduce quantity of experimental animals, synthesis, and pharmacological studies costs. Conducted
studies revealed the series of promising 6,7-disubstituted pteridine-2,4(1H,3H)-diones with diuretic activity that comparable
with pharmacological effect of triamterene. Aim — purposeful search for promising diuretics among structural analogues of
triamterene that includes preliminary in silico studies, synthesis and in vivo screening of novel compounds for diuretic activity.
Methods used: organic synthesis, physicochemical methods of analysis of organic compounds (NMR 'H-spectroscopy,
chromato-mass spectrometry, elemental analysis). Prediction of affinity for a biological target, prediction of toxicity and
lipophilicity of the combinatorial library, which was created on the basis of the drug triamterene, was carried out using
computer services. Studies of compounds that affect the excretory function of the kidneys of rats were performed according to
the generally accepted method of E.B. Berkhin with water load. Research of the probable mechanism was conducted by flexible
molecular docking, as an approach of finding molecules with affinity to a specific biological target. Macromolecular data were
downloaded from the Protein Data Bank (PDB) namely, the crystal structures of epithelial sodium channel (ENaC) ((PDB ID
— 6WTH). The substantiation of potential diuretics design was conducted by in silico methods (prediction of affinity, ligand-
enzyme interactions and pharmacokinetic characteristics). The structural modification of triamterene molecule was carried
out by replacing of amino-group in positions 2, 4 and 7 by others “pharmacophore” fragments. Abovementioned
transformation is aimed at the changing of ligand-enzyme interactions in active site, lipophility and toxicity. Synthesis of 6,7-
disubstituted pteridine-2,4(1H,3H)-diones was conducted by condensation 5,6-diamino-2-oxo-(thioxo-)-2,3-dihydropyrimidin-
4(1H)-ones with carbonyl-containing compounds or oxocarboxylic acids. The further modification of obtained compounds was
performed by alkylation, hydrazinolysis and nucleophilic addition/elimination. The structure of obtained compounds was
proven by elemental analysis, chromato-mass and 'H NMR-spectral analysis. The studies of synthesized compounds effect on
excretion function of kidneys allowed to detect series of promising structural analogues of triamterene that exceed it in
pharmacological activity by 27.3-99.0%. The “structure-biological activity” relationship was discussed and perspective of the
further search of diuretics among abovementioned compounds were shown. The design of new biologically active compounds
with diuretic activity was performed using in silico methodologies and realized by structural modification of the well-known
diuretic triamterene. Traditional organic synthesis was used for preparation of target compounds, in vivo experiments were
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used to detect compounds with significant biological activity. Several effective compounds were identified among pteridines,
which exceed the reference drug triamterene in terms of daily diuresis. The obtained results substantiate further purposeful
search, in-depth research on experimental pathologies and study of the mechanism of action of potential diuretics among this
class of compounds.

Pedepar. In silico Ta in vivo cKkpMHIHI CHHTeTHYHHMX AHAJOrIB TpiaMTepeHy SIK NMEPCNEKTHBHUX iypeTHKIB.
CoxoJgioBa K.B., CraBuubkuii B.B., Bocko6oiinik O.10. IMoamaetns O.A., KoBanenko C.I. Moougirxayis cnonyku-
Jidepa, cnpAMOBAHA HA NIOBUEHHS AKIMUBHOCMI, SHUMCEHHS MOKCUYHOCTMI AO0 NOKPAUEeHHS CeleKIMUBHOCMI, € OOHUM
3 HAUBANCIUBIUUX MeMODi8, WO BUKOPUCMOBYIOMbCA Olisl pO3POOKU HO8UX 7iKie. CHOMYKOW Nidepom mMoxcyme 6ymu
NPUPOOHT peyosuUHU, cX8aleHi abo 00CHIOHNCY8aHi NIKU abo NpoCmo CHOIYKU 3 008e0eH0I0 DION02IUHOI0 AKMUBHICIO.
Yacmo ximiuna moou@ikayisi CnoiyKu-iioepa Cnpsamo8aHd HA HNOCUNEHHS 63AEMOOLL NieanH0-0i0N02IYHA MIlUEHD.
Buwesasnauenuii nioxio, a came cmpykmyphy mMoou@ixayiio 8i0omMo2o npenapamy mpiammepeH, UKOPUCo8ysanu OJis
YinecnpsiMosano2o noutyky Hosux oiypemuxie. Ilonepeone npoeHo3yeants 63aeMo0iil 1icano-0iono2iuna MilieHs [ pieHie
aginnocmi 0038051€ CKOPOMUMU KITbKICMb OOCTIOHUX MEAPUH, SUMPAMU HA CUHME3 | PapMaKoI02IuHi 00CI0NHCEHHS.
Tlpogedeni 0ocnidocenns suasunu pso nepcnekmugHux 6, 7-ouzamiujerux nmepuoun-2,4(1H,3H)-0ionis 3 0iypemuuroro
AKMUBHICMIO, NOPIGHAHOIO 3 PaApMAKoN0ciuHOI0 Jicto mpiammepeHy. Mema — yinecnpamosanuti NOUWYK nepcneKmueHUX
OiypemuKie ceped CIpYKMYPHUX AHAI02I8 MPIAMMeEPeHy, Wo GKIUAE NonepeoHi in silico 0ocnioxicents, cunmes ma in
VIVO CKPUHIHZ HOBUX CHONYK HA OlypemudHy akmuenicms. Buxkopucmogysanucs memoou opeaniuHo2o cunmesy, Qizuko-
Ximiuni memoou ananizy opeaniunux cnoayk (IMP 'H-cnexmpockonis, Xxpomamomaccnexmpomempis, enemenmuuil
ananiz). Ilpoenosysanmns cnopionenocmi 00 6ion02i4HOI MiuieHi, NPOSHO3YEAHHI MOKCUYHOCMI ma Jino@irtbHocmi
KombOinamopHoi 6ibniomeku, AKYy CMBOpPeHO HA OCHO8I npenapamy mpiammepeH, 30iliCHI08ANU 3d O00NOMO2010
KOMN 1omepHux cepsicis. J{ocniodxcents CROYK, Wo 6Nauaioms HA GUOLIbHY (DYHKYII0 HUPOK Wypie, NPooounu 3a
3aecanvHonputinamoro memoouxorw E.B. bepxin 3 600num nasanmadicenHam. Jlocniodcenns tUMOBIPHO2O MeXanizmy
NPOBOOUNLOCSL 3 DOTIOMO2010 SHYUKO020 MOJEKYJIAPHO20 OOKIHZY, SIK RIOX0OY NOWYKY MONEKY 3i CHOPIOHEHICMIO 00 NegHOL
bionoeiunoi miweni. Makpomonexkynapui oani 6ynu 3aeanmaviceri 3 Protein Data Bank (PDB), a came xpucmaniuui
cmpykmypu enimenianvioeo Hampiceozo kanany (ENaC) ((PDB ID — 6WTH). Obtpyrmysants OusaiiHy nomeHyitiHux
Odiypemuxie nposoounu Mmemodamu in silico (npoeno3 aginHOCmi, nieaHO-pepMeHmHUX  83aEMOOIU  ma
dapmaxokiHemuyHUX Xapaxmepucmux). 30iticHeHo cmpyKmypHy MOOu@ikayito MoieKyiu mpiammepery uisxom 3amMinu
aminozpynu 8 nonoxcenusx 2, 4 i 7 na inwi «gpapmaxopopuiy ppacmenmu. Buweseadana mpancgopmayia cnpsimosana
Ha 3MiHY JieaHO-(DepMeHmMHUX B3AEMOOi 68 AKMUSHOMY yeHmpi, ainogitonocmi ma moxcuurnocmi. Cunmes 6,7-
ousamiwyenux nmepuoun-2,4(1H,3H)-0ionie npoeoounu kondencayicio 3,6-0iamino-2-oxco-(mioxco-)-2,3-ouciopo-
nipumioun-4(1H)-onie 3 kapOOHINEMICHUMU CROIYKAMU AOO OKCOKApOOHOo8umMU Kucromamu. Ilooanvuy moougixayito
OMPUMAHUX CHONYK NPOGOOUNU ULISIXOM ANKILY8AHHSA, 2IOPA3UHONIZY MA HYKICOMIIbHO20 NPUEOHANHS/CIIMIHYBAHHSL.
Cmpykmypy Ompumanux Cnoayk niOmeepodCceHO eleMeHMHUM aHanizom, xpomamomac- ma SMP-cnexmpanohum
auanizom. Jlocniodcennss GnaUGy CUHME308AHUX CHOAYK HA 6UOLTbHY (DYHKYIIO HUPOK O00360UNU GUAGUMU PSIO
NEePCNeKMUSHUX CIMPYKMYPHUX AHAL02I8 mpiammepeny, SKi nepesuiyyioms 1020 3a hapmaxono2iuHoI0 akmueHicmio Ha
27,3-99,0%. Obzosopero 63aem038 830K cCpyKkmypa - 0io102iuHa AKMUBHICIb MA NOKA3AHO NEPCREeKMUBU NOOATbULO20
NOwLyKy OiypemuKie ceped 3a3HA4eHux cnoayk. Po3pobky Hosux 0i0102i4HO AKMUGHUX CNOAYK I3 OLypemuyHoo
AKMUBHICMIO BUKOHAHO 3a Memo0oao2icio in silico ma peanizo8ano wiisAxXom cmpykmypHoi moougikayii 8i0omoeo
Oiypemuxa mpiammepery. [ OMpUMAHHA YiTbOBUX CHOJYK BUKOPUCMAHO MPAOUYIUHUL Op2AHIYHUL CUHMe3,
BUKOPUCIMAHO eKCnepuMenmu in vivo 07ia 8Us6ieHHs CROLYK 3i 3HAYHOW bionociynoo akmusHicmio. Ceped nmepuounis
BUSIBNIEHO KINbKA eheKMUBHUX CNOTYK, 5IKI 30 00006UM OLyPe30M Nepesuuyioms npenapam nopieHsIHHA mpiammepeH.
Ompumani pezyromamu o06IPYHMOBYIOMb NOOANbWIUL  YINeCNPAMOBAHUU NOWLYK, No2aubieHe O00CHi0HCEeHHS
eKCcnepuMeHmanbHoi namono2ii ma eusueHHs MexaHismy 0ii nomeHyitHux Oiypemuxie ceped yb020 KAAcy CHONYK.

The process of new drugs developing has been
significantly transformed today from in vivo models
to "de novo design" methods, which are represented
by directed design of ligands with high-affinity for
biological targets involved in key stages of the
pathogenesis of diseases [1]. The effectiveness of
medications depends on their affinity for a protein or
receptor, and molecules with low affinity will not be
able to determine the required biological response.
Thus, the affinity of a drug for a biological target is
vital for predicting target-drug interactions, and
allows a significant number of compounds to be
studied prior to a traditional experiment.
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One of the important biotargets is the epithelial
sodium channels (ENaC), which are responsible for
the reabsorption of sodium by the epithelium, lining
the distal part of the renal tubules. In addition, ENaCs
perform similar functional roles in some other tissues,
such as the respiratory tract and the distal part of the
colon [2, 3]. Sodium reabsorption is regulated by
aldosterone, vasopressin and glucocorticoids and is
one of the main mechanisms of regulation of sodium
balance, blood volume and blood pressure. Sodium
reabsorption is also inhibited by potassium-sparing
diuretics: Amiloride and its analogues (Benzamil and
Phenamil) and triamterene [4]. However, these drugs
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have side effects, namely hyperkalemia and uroli-
thiasis, disorders of the gastrointestinal tract and
central nervous system [5].

The choice of heterocyclic matrix, namely pteri-
dine, which is present in the structure of known drug
triamterene  (6-phenylpteridine-2,4,7-triamine) was
substantiated for the development of novel diuretics.
Moreover, pteridines and related heterocycles are
intensively studied in terms of the search for
promising drugs [4, 6]. Our previous studies have
shown that for some 1-methyl-3-R-6-(2-hydroxy-
(ox0-)-2-aryl-(hetaryl-)ethyl)pteridine-2,4,7 (1H, 3H,
8H)-triones is characterized by a high diuretic effect
[7]. Therefore, the design and search for biologically

active compounds with diuretic activity among the
products of lead-compound triamterene modification
is reasonable. The design of abovementioned com-
pounds can be carried out by the replacement of
amino groups of positions 2, 4 and 7 with other "phar-
macophore" fragments in order to change the ligand-
enzyme interactions in the active site of the enzyme;
introduction of other structural fragments to positions
2, 6 and 7 in order to change lipophilicity and toxicity
(Fig. 1). This structural modification of the "lead-
compound" can result in potentiation of the desired
pharmacological activity, reduce toxicity and
improve the selectivity of action.

o H Me, Ph, -CH=CHPh, -CH=CHFr,
NH2 CHZCOOMe, -(CH,),COOH
/
-OH, -SH, -SCH,COOH, <:' HN :> H, Me, Ph, -CH=CHPh, -CH=CHFT, OH]

“NH-NH; -NH-N=CHFr

Triamterene

Fig. 1. Directed structural modification of the triamterene molecule to search for new diuretics

Therefore, the aim of present work is to continue our
studies on the purposeful search for new biologically
active compounds with diuretic activity among pte-
ridines, namely the structural modification of the known
drug triamterene using in silico methodologies and
traditional synthesis and in vivo screening.

MATERIALS AND METHODS OF RESEARCH

Melting points were determined in open capillary
tubes in a «Mettler Toledo MP 50» apparatus and were
not corrected. The elemental analyses (C, H, N) were
performed using the ELEMENTAR vario EL cube
analyzer (USA). Analyses were indicated by the
symbols of the elements or functions within +0.3% of
the theoretical values. '"H NMR spectra (400 MHz) and
BCNMR spectra (100 MHz) were recorded on a
Varian-Mercury 400 (Varian Inc., Palo Alto, CA, USA)
spectrometers with TMS as internal standard in DMSO-
ds solution. LC-MS were recorded using chromato-
graphy/mass spectrometric system which consists of
high performance liquid chromatography “Agilent
1100 Series” (Agilent, Palo Alto, CA, USA) equipped
with diode-matrix and mass-selective detector “Agilent
LC/MSD SL” (atmospheric pressure chemical
ionization — APCI). Mass-spectra of electron impact
(EI-MS) were recorded on a Varian 1200 L instrument
at 70 eV (Varian, USA). The purity of all obtained
compounds was checked by "H-NMR and LC-MS.

6

5,6-Diaminopyrimidine-2,4(1H,3H)-dione
(1.1, CAS: 3240-72-0), 5,6-diamino-1-methylpyrimi-
dine-2,4(1H,3H)-dione (1.2, CAS: 6972-82-3) and
5,6-diamino-2-thioxo-2,3-dihydropyrimidin-4(1H)-one
(1.3, CAS: 1004-76-8) and other starting materials and
solvents were obtained from commercially available
sources and used without additional purification.

The general methods for the synthesis of substi-
tuted 1-R;-6-R;-7-R;-pteridine-2,4(1H,3H)-diones
(2.1-2.12). To a suspension of 10 mmol of com-
pounds 1.1-1.3 in 30 ml of acetic acid 10 mmol of the
corresponding dicarbonyl compound or ketocarboxy-
lic acid was added. The reaction mixture was refluxed
for 1-3 h and cooled. The formed precipitate was
filtered off, washed with water and dried.

1-Methylpteridine-2,4,7(1H,3H,8H)-trione (2.1).
Yield: 71.0%; Mp.: >300°C; 'H NMR (400 MHz,
DMSO-d6) 6 11.70 (s, 1H, 8-NH), 10.78 (s, 1H, 3-
NH), 8.74 (s, 1H, H-6), 3.35 (s, 3H, 1-N-CH3); LC-
MS: m/z=195 [M+H]; Anal. Calcd. for: C7HgN4Os:
C,43.31; H,3.12; N,28.86; Found: C,43.36;
H, 3.19; N, 28.92.

1,6-Dimethylpteridine-2,4,7(1H,3H,8H)-
trione (2.2). Yield: 69.8%; Mp.: >300°C;
"H NMR (400 MHz, DMSO-d6) 5 12.83 (s, 1H, 8-
NH), 11.40 (s, 1H, 3-NH), 3.44 (s, 3H, 1-CHj3),
2.42 (s, 3H, 6-CH3); LC-MS: m/z=209 [M+H]; Anal.
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Calcd. for: CsHgN4Os3: C, 46.16; H, 3.87; N, 26.91,
Found: C, 46.21; H, 3.90; N, 26.96.
1,6,7-Trimethylpteridine-2,4(1H,3H)-dione (2.3).
Yield: 69.8%; Mp.:>300°C; 'H NMR (400 MHz,
DMSO-ds) & 11.69 (s, 1H, 3-NH), 3.50 (s, 3H, 1-N-
CHa3), 2.62 (s, 3H, 6-CH3), 2.59 (s, 3H, 7-CH3); LC-
MS: m/z=207 [M+H]; Anal. Calcd. for: CoHoN4Ox:

C,52.42; H,4.89; N,27.17, Found:C, 52.44,

H, 4.93; N, 27.21.
1-Methyl-6,7-di(styryl)pteridine-2,4(1H,3H)-

dione (2.4). Yield: 67, 1%; Mp.: >300°C;

"H NMR (400 MHz, DMSO-ds) § 11.81 (s, 1H, 3-
NH), 7.99 (d, /=15.3 Hz, 1H, 6-CH=CH-Ph), 7.88 (d,
J=15.5 Hz, 1H, 7-CH=CH-Ph), 7.86 —7.71 (m, 6H,
6-CH=CH-Ph, 7-CH=CH-Ph, 6-Ar H-2,6, 7-Ar H-
2,6), 7.54-7.24 (m, 6H, 6-Ar H-3, 4, 5, 7-Ar H-3,4,5),
3.64 (s, 3H, 1-N-CHs). LC-MS: m/z=383 [M+H];
Anal. Calcd. for: Cy3HsN4Os: C, 72.24; H, 4.74;
N, 14.65, Found: C, 72.29; H, 4.77; N, 14.69.

Methyl 2-(1-methyl-2,4,7-trioxo-1,2,3,4,7,8-
hexahydropteridin-6-yl) acetate (2.5). Yield: 69.8%;
Mp.: >300°C; 'HNMR (400 MHz, DMSO-ds) &
13.19 (s, 1H, 8-NH), 11.49 (s, 1H, 3-NH), 3.80 (s,
2H, CH,COOCHs), 3.67 (s, 3H, CH,COOCH;),
3.45 (s, 3H, 1-N-CH3); LC-MS: m/z=267 [M+H];
Anal. Calcd. for: C10HoN4Os: C, 45.12; H, 3.79;
N, 21.05, Found: C, 45.16; H, 3.83; N, 21.11.

3-(1-Methyl-2,4,7-trioxo-1,2,3,4,7,8-hexahydropte-
ridin-6-yl)propanoic  acid (2.6).  Yield:  75.0%;
Mp.:>300°C; 'HNMR (400 MHz, DMSO-d) &:
11.82 (s, 2H, 8-NH, -COOH), 11.42 (s, 1H, 3-NH),
3.44 (s, 3H, 1-N-CH3), 2.93 (t, 2H, -CH>CH,COOH)),
2.69(, 2H, -CH.,CH,COOH). LC-MS:m/z=
267 [M+H]; Anal. Calcd. for: Ci3HisNsOg: C, 45.15;
H, 3.82; N, 21.09, Found: C, 45.12; H, 3.79; N, 21.05.

2-Thioxo-2,3-dihydropteridin-4(1H)-one (2.7).
Yield: 69.8%; Mp.:>300°C; 'H NMR (400 MHz,
DMSO-ds) 6 13.21 (s, 1H, 1-NH), 12.68 (s, 1H, 3-
NH), 8.63 (d, J/=2.1 Hz, 1H, H-6), 8.52 (d, J=2.1 Hz,
1H, H-7), LC-MS: m/z=181 [M+H]; Anal. Calcd.
for: CcHaN4OS: C, 40.00; H, 2.24; N, 31.09; S, 17.79,
Found: C, 40.06; H, 2.29; N, 31.12; S, 17.81.

6-Methyl-2-thioxo-2,3-dihydropteridine-
4,7(1H,8H)-dione (2.8). Yield: 70.3%; Mp.: >300°C;
'HNMR (400 MHz, DMSO-d6) & 13.33-12.46 (m,
2H, 1-NH, 7-OH), 12.34 (s, 1H, 3-NH), 2.38 (s, 3H,
6-CHs); LC-MS: m/z=211 [M+H]; Anal. Calcd. for:
C7HgN4OsS: C, 40.00; H, 2.88; N, 26.65; S, 15.25;
Found: C, 40.07; H, 2.93; N, 26.69; S, 15.29.

6, 7-Dimethyl-2-thioxo-2,3-dihydropteridin-
4(1H)-one (2.9).  Yield: 66.4%;  Mp.: >300°C;
"H NMR (400 MHz, DMSO-ds) & 13.00 (s, 1H, 1-
NH), 12.53 (s, 1H, 3-NH), 2.60 (s, 3H, 6-CH3),
2.58 (s, 3H, 7-CH3); LC-MS: m/z=209 [M+H]; Anal.
Calcd. for: CgHgN4OS: C, 46.14; H, 3.87; N, 26.91;
S, 15.40, Found: C, 46.17; H, 3.91; N, 26.94; S, 15.46.
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6, 7-Diphenyl-2-thioxo-2,3-dihydropteridin-
4(1H)-one (2.10). Yield: 72.3%; Mp.: 184-186°C;
'H NMR (500 MHz, DMSO-ds) § 13.31 (s, 1H, 1-
NH), 12.72 (s, 1H, 3-NH), 7.43 (d, J/=7.8 Hz, 2H, 7-
Ar H-2,6), 7.38 (d, /=7.4 Hz, 2H, 6-Ar H-2,6), 7.34-
7.23 (m, 6H, 6-ArH-3, 4, 5, 7-Ar3, 4, 5). LC-
MS: m/z=333 [M+1]; Anal. Calcd. for: CisH2N4OS:
C, 65.05;H, 3.64; N, 16.86; S, 9.65; Found: C, 65.09;
H, 3.69; N, 16.71; S, 9.69.

6,7-Bis((E)-2-(furan-2-yl)vinyl)-2-thioxo-2, 3-
dihydropteridin-4(1H)-one (2.11).  Yield: 54.1%;
Mp.: >300°C; 'H NMR (400 MHz, DMSO-ds) &
13.07 (s, 1H, 1-NH), 12.59(s, 1H, 3-NH),
7.79 —7.72 (m, 2H, 6-CH=CH-furan, 6-furan H-5),
7.69 —7.61 (m, 2H, 7-CH=CH-furan, 7-furan H-5),
7.40 (d, J/=14.6 Hz, 1H, 6-CH=CH-furan), 7.37 (d,
J=14.9 Hz, 1H, 7-CH=CH-furan), 6.93 — 6.84 (m,
1H, 6-furan H-3), 6.78 — 6.70 (m, 1H, 7-furan H-
3), 6.58 (s, 1H, 6-furan H-4), 6.53 (s, 1H, 7-furan
H-4). LC-MS: m/z=365 [M+H]; Anal. Calcd. for:
C23HisN4O2: C, 59.33; H, 3.32; N, 15.38; S, 8.80,
Found: C, 59.39; H, 3.38; N, 15.42; S, 8.86.

3-(4,7-dioxo-2-thioxo-1,2,3,4,7,8-hexahydropte-
ridin-6-yl)propanoic  acid (2.12).  Yield: 66.7%;
Mp.: 293-295°C; 'H NMR (400 MHz, DMSO-ds) &
13.72 (s, 1H, 7-OH), 12.24 (s, 1H, 1-NH), 11.79 (s,
1H, COOH), 10.87 (s, 1H, 3-NH), 3.17 (t, J/=7.3 Hz,
2H, CH,CH,COOH), 2.78(t, J=7.3Hz, 2H,
CH,CH,COOH); LC-MS: m/z=269 [M+1]; Anal.
Calcd. for: CoHgN4O4S: C, 40.30; H, 3.01; N, 20.89;
S, 11.95; Found: C, 40.37; H, 3.08; N, 20.92; S, 12.02.

The general methods for the synthesis of 2-(6-R-
7-R3-4-0x0-3,4-dihydropteridin-2-yl)thio)acetic
acids (3.1-3.4). An appropriate amount of sodium
hydroxide (20 mmol (0.8 g) for compounds 2.9, 2.10,
30 mmol (0.12 g) for compound 2.8, 40 mmol (1.6 g)
for compound 2.12) was added to the suspension
10 mmol of 6-R;-7-R,-2-thioxo-2,3-dihydropteridin-
4(1H)-ones (2.8-2.12) in 20 ml of a methanol-water
mixture (1:1). The resulting mixture was heated to
dissolution and 10 mmol of 2-chloroacetic acid was
added. The mixture was refluxed until the neutral pH
value (around 1 hour) and cooled. The mixture was
filtered, and filtrate was acidified up to pH 3-4, the
formed precipitate was filtered off, washed with
water and dried.

2-((6,7-Dimethyl-4-oxo-3,4-dihydropteridin-2-
vi)thio)acetic acid (3.1). Yield: 67.3%; Mp. 240-242°C;
'H NMR (400 MHz, DMSO-ds) & 13.27-12.61 (m, 2H,
3-NH, 7-OH), 4.06 (s, 2H, -SCH>-), 2.62-2.55 (m, 6H,
6-CH3, 7-CH3); LC-MS: m/z=267 [M+1]; Anal. Calcd.
for: CioHi1oN4OsS:  C,45.11; H,3.79; N, 21.04;
S, 12.04; Found: C, 45.16; H, 3.83; N, 21.11; S, 12.09.

2-((6,7-Diphenyl-4-oxo-3,4-dihydropteridin-2-
vl)thio)acetic acid (3.2). Yield: 68.8%; Mp. 274-
276°C; '"H NMR (400 MHz, DMSO-ds) & 11.94 (s,

7
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1H, 3-NH), 11.64 (s, 1H, COOH), 7.54 —7.40 (m,
4H, 6-Ar H-2,6, 7-Ar H-2,6), 7.40 — 7.22 (m, 6H, 6-
Ar H-3,4, 5, 7-Ar H-3,4,5), 3.99 (s, 2H, -SCH>-); LC-
MS: m/z=391 [M+1]; Anal. Calcd. for: C20H14N4OsS:
C, 61.53; H, 3.61; N, 14.35; S, 8.21;
Found: C, 61.57; H, 3.65; N, 14.42; S, 8.27.
2-((6-methyl-4,7-dioxo-3,4,7,8-tetrahydrop-
teridin-2-yl)thio)acetic  acid (3.3). Yield: 57.8%;
Mp. 289-291°C; 'H NMR (400 MHz, DMSO-d) &
12.92-12.03 (m, 3H, COOH, 3-NH, 7-OH), 4.01 (s,
2H, -SCH»-), 2.33(s, 3H, 6-CH;3); LC-
MS: m/z=269 [M+1]; Anal. Calcd. for: CoHsN4O4S:
C, 40.30; H, 3.01; N, 20.89; S, 11.95;
Found: C, 40.35; H, 3.08; N, 20.91; S, 11.98.
3-(2-((carboxymethyl)thio)-4,7-dioxo-3,4,7,8-te-
trahydropteridin-6-yl)propanoic acid (3.4).
Yield: 59.2%; Mp. 266-268°C; 'H NMR (400 MHz,
DMSO-de) 6 13.18-11.77 (m, 4H, 2-COOH, 3-NH, 7-

NH), 4.01 (s, 2H, -SCH,-), 2.95-2.88 (m, 2H,
CH,CH,COOH), 2.66 (t, J=7.0 Hz, 2H,
CH,CH>COOH); LC-MS: m/z=327 [M+1]; Anal.

Calcd. for: C;1H10N4OgS: C, 40.49; H, 3.09; N, 17.17;
S, 9.83; Found: C, 40.52; H, 3.11; N, 17.22; S, 9.86.

The general methods for the synthesis of 6-R;-
7-R3-2-hydrazineyl-pteridin-4(3H)-ones (4.1-4.2).
To a suspension of 10 mmol of compound 3.1 or 3.4
in 20 ml of ethanol 1 ml (20 mmol) of hydrazine
hydrate was added. The reaction mixture was
refluxed for 1.5 h until the hydrogen sulfide evolution
over. The reaction mixture was cooled, and the
formed precipitate was filtered off and died.

2-Hydrazineyl-6, 7-dimethylpteridin-4(3H)-
one (4.1). Yield: 59.2%; Mp. 270-272°C;
"H NMR (400 MHz, DMSO-ds) § 11.28 (s, 1H, 3-
NH), 7.22 (s, 1H, NHNH,), 4.36 (s, 2H, NHNH),),
248-243 (m, 6H, 6-CHs;, 7-CH;3), LC-MS:
m/z=207 [M+H]; Anal. Calcd. for: CsH;oNeO:
C,46.60; H,4.89; N,40.76; S,17.79, Found:
C, 46.60; H, 4.89; N, 40.76.

3-(2-Hydrazineyl-7-hydroxy-4-oxo-3,4-

dihydropteridin-6-yl)propanoic acid (4.2).
Yield: 59.2%;  Mp.>300°C;  'HNMR (400 MHz,
DMSO-ds) 6 11.37 (s, 1H, 3-NH), 7.40 (s, 1H, NHNH>),
420 (s, 2H, NHNH>), 2.82 (t, 2H, CH,CH,COOH),
2.59 (t, 2H, CH,CH,COOH), LC-MS: m/z=267 [M+H];
Calculated for CoH1oNsO4: C, 40.61; H, 3.79; N, 31.57,
Found: C, 40.64; H, 3.82; N, 31.61.

The general methods for the synthesis of 6-R,-7-
R3-2-((furan-2-ylmethylene)hydrazineylidene)-6,7-
dimethyl-2,3-dihydropteridin-4(1H)-ones (5.1, 5.2).
To a suspension of 10 mmol of compound 4.1 or 4.2
in 20 ml of acetic acid 0.96 g (10 mmol) of furan-2-
carbaldehyde was added. The reaction mixture was
refluxed for 1.5 h. The reaction mixture was cooled
and the formed precipitate was filtered off, washed
with water and dried.

8

2-((Furan-2-ylmethylene) hydrazineylidene)-6, 7-

dimethyl-2,3-dihydropteridin-4(1H)-one (5.1).
Yield: 84.2%; Mp. 300°C; 'HNMR (400 MHz,
DMSO-ds) 6 11.91 (s, 1H, 3-NH), 10.84 (s, 1H, 1-
NH), 8.00 (s, 1H, CH=N), 7.64 (d, 1H, furan H-5),
7.06 (d, 1H, furan H-3), 6.54 (t, 1H, furan H-4),
2.57 (s, 3H, 6-CHs), 2.50(s, 3H, 7-CH;). LC-
MS: m/z=285 [M+H]; Anal. Calcd. for: Ci3H2NOx:
C,54.93; H,4.25; N,29.56. Found: C, 54.96;
H, 4.29; N, 29.61.

3-(-2-((Furan-2-ylmethylene) hydrazineylidene)-4, 7-
dioxo-1,2,3,4,7,8-hexahydropteridin-6-yl)propanoic
acid (5.2).  Yield: 79.6%; Mp.300°C; 'HNMR
(400 MHz, DMSO-d6) 6 12.34 (s, 1H, 8-NH), 12.09 (s,
1H, 3-NH), 11.80 (s, 1H, COOH), 10.61 (s, 1H, 3-NH),
8.01 (s, 1H, CH=N), 7.65 (d, /=2.4 Hz, 1H, furan H-5),
7.09 (d, /=2.2 Hz, 1H, furan H-3), 6.53 (t, 1H, furan H-
4), 2.89(, 2H, CH,CH,COOH), 2.65(t, 2H,
CH.CH,COOH), LC-MS: m/z=345[M+H]; Anal.
Calcd. for: C1sH1oNgOs: C, 48.84; H, 3.51; N, 24.41,
Found: C, 48.89; H, 3.58; N, 24.46.

Molecular docking. Research was conducted by
flexible molecular docking, as an approach of finding
the molecules with affinity to a specific biological
target. Macromolecule of full-length human ENaC
ECD (PDB ID — 6WTH) from Protein Data Bank
(PDB) was used as biological target [8].

Ligand preparation. The substances were drawn
using MarvinSketch 20.20.0 and saved in mol format
[9]. After that they were optimized by program
Chem3D, using molecular mechanical MM2 algo-
rithm, and saved as pdb-files. Molecular mechanics
was used to produce more realistic geometry values
for most organic molecules, owing to the fact of being
highly parameterized. Using AutoDockTools-1.5.6,
the pdb-files were converted into PDBQT, number of
active torsions was set as default [10].

Protein preparation. PDB files were downloaded
from the protein data bank. Discovery Studio v
19.1.0.18287 was used to delete water molecules and
ligands. Structures of protein were saved as pdb-files
[11]. In AutoDockTools- 1.5.6 polar hydrogens were
added and saved as PDBQT. Grid box was set as
following: center x=161.722, center y=163.028,
center z=189.222, size x=30, size_y=30, size_z=30
for epithelial sodium channel (ENaC) (6WTH). Vina
was used to carry docking. For visualization
Discovery Studio v 19.1.0.18287 was used.

Toxicity prognosis. Prediction of acute toxicity and
calculation of octanol/water partition coefficient (logP)
was made in silico using the service ProTox-II [12].

Study of the effect of compounds on the excretory
function of the kidneys. The initial screening was per-
formed on 174 white male Wistar rats weighing 120-
170 g. The in-depth experiment was performed on
24 white male Wistar rats weighing 100-140 g, which
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were kept in standard conditions of the vivarium of the
Dnipro State Medical University. Experimental studies
were performed in accordance with the "General Ethi-
cal Principles of Animal Experiments" (Ukraine,
2001), the provisions of the "European Convention for
the Protection of Vertebrate Animals Used for Expe-
rimental and Other Scientific Purposes" (Strasbourg,
1986) [13]. Screening of the new synthesized com-
pounds, in order to identify diuretic properties in a few
pteridine derivatives, was carried out according to the
generally accepted method of E.B. Berkhin [14, 15].
Prior to the experiment, the animals were kept without
food for three hours. The diuretic effect of the com-
pounds was studied under liquid load at the rate of 5 ml
per 100 g of animal weight and without. The test com-
pounds were administered to rats once intragastrically at
a doses of 2.6 mg/kg body weight as an aqueous suspen-
sion simultaneously with the water load. Animals were
placed in individual cages for urine collection during
three hours and 24 hours. triamterene in equivalent
doses for rats was selected as the reference drug [15].
The obtained data were statistically processed
using the software package Statistica 6.1 (StatSoft

Inc., serial number AGAR909E415822FA). The
arithmetic mean values (M) and their errors (£ m)
were calculated. The probability of intergroup dif-
ferences was determined using Student's parametric t-
test and one-way analysis of variance (ANOVA). The
differences were considered statistically significant at
a value of p<0.05 [16].

RESULTS AND DISCUSSION

According to the design of the present study the
calculation of predicted affinity for biological target,
predicted toxicity and lipophilicity were conducted
for more then 50 compounds from combinatorial
library based on triamterene structure. (Fig. 1).
Molecular docking revealed that in most of cases
structural modification of triamterene resulted the
decreasing of studied compounds affinity for ENaC
(Table. 1). At the same time according to the calcu-
lations studied compounds have the higher predicted
hydrophilicity (exceptions are 2.4, 2.10, 2.11 and 3.2)
and correspondingly lower predicted toxicity (excep-
tions are 2.3, 2.5, 2.6, 2.8, 2.9).

Table 1
Results of molecular docking and predicted toxicometric parameters
of compounds according to TEST data
comar [ w | w v | x| [TREE ]
Class)**

2.1 Me H OH o -6.8 811 (IV) -1.69
22 Me Me OH o 7.1 304 (1) -1.38
23 Me Me Me o -7.2 19 (I1) -0.37
2.4 Me -CH=CH-Ph -CH=CH-Ph o -6.9 450 (1V) 3.36
25 Me -CH:COOMe OH o -6.3 19 (1D -1.97
2.6 Me -(CH»:COOH OH o 17 61 (I11) -1.67
2.7 H H H S -6.9 811 (IV) 0.38
2.8 H Me OH S -7.0 61 (11 -0.02
2.9 H Me Me S -6.8 19 (1D 0.99
2.10 H Ph Ph s -7.9 1800 (I11) 37
211 H (f“”v‘i“n' y21 v (furan-2-yD-vinyl S -6.5 2500 (V) 3.90
2.12 H -(CH»:COOH OH S -6.2 1000 (IV) 0.1
3.1 - Me Me - -7.0 1711 (1V) 0.51
32 - Ph Ph - -6.5 1800 (I11) 322
33 - Me OH - 15 1000 (IV) -0.1
34 - -(CH»:COOH OH - 7.1 300 (11D -0.39
4.1 - Me Me - 17 1800 (I11) 0.39
42 - -(CH»:COOH OH - 1.7 1900 (111) -0.51
5.1 - Me Me - -6.3 500 (IV) 0.79
52 - -(CH2:COOH OH - -6.5 520 (IV) -0.52
Triamterene -8.2 285 (1ID) 2.58

Notes: * — table shows data for compounds whose affinity is >6.0 kcal/mol; ** Class I: fatal if swallowed (LDs,<5); Class II: fatal if swallowed
(5<LDs(<50); Class III: toxic if swallowed (50<LDso<300); Class IV: harmful if swallowed (300<LDs,<2000); Class V: may be harmful if swallowed

(2000<LDs(<5000); Class VI: non-toxic (LDsy>5000).
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Additionally, visualization of interactions
between triamterene and active site of epithelial
sodium channels (ENaC) was conducted for esti-
mation of possible mechanism of their biological
activity. The analysis of the docking of triamterene
to ENaC (Table2, Fig.2, A) revealed the
interaction of amino-group in positions 2, 4 and 7
of pteridine system with amino-acids moieties

ASN185 (2,33A), ASP268 (2,22A) and GLU254
(2,52A), LEU257 (2,56A) via four conventional
hydrogen bond. Besides, weak electrostatic (m-anion)
and hydrophobic (amide-n-stacked, and m-alkyl)
interactions of phenyl fragment of molecule
with  ASP268  (3,64A), ALA269 (4,48A),
LEU257 (4,66A).

Table 2

The main types of interactions of synthesized compounds and pharmacological standards with
amino acid residues of epithelial sodium channel (ENaC)

The main interaction types between compounds, pharmacological standards and amino acid residues of

Compd. enzymes*

Triamterene ASP268%, GLU254%, LEU257%, ASN185°, ASP268", ASP268°, ALA269¢, LEU257¢, ALA269°

2.1 CYS267%, SER210", THR259", LEU257", ASP268", ASP268", ALA269°, LEU257¢

2.2 LEU257", ASP268", ASP268", ALA269°, LEU257¢

2.3 CYS267% SER210", LEU257", ASP268", ASP268", ALA269°, LEU257¢, CYS260"

24 HIS299%, HIS299*, PRO300%, PHE2978, PHE297%, PRO437°, ALA360f

25 GLN213% SER312% GLN213% THR216 %, SER312 %, LYS5038, LYS503"¢, THR216', GLN307, THR2169,
: LEU480°, TRP471¢

2.6 THR209?%, CYS267°, ALA253" LEU257", ASP268", ASP268", ALA269°, LEU257¢

2.7 ASN185%, ASP487°, THR209%, SER210", LEU257", GLU254", ASP268"

2.8 THR209%, ASP487°, ASP268", ALA269°, LEU257°¢

2.9 ASP487° THR209° ASN185%, SER210", ASP268", ALA269°, LEU257°, CYS260°

2.10 ALA360°, HIS299° PRO300", HIS2992, PHE297%, PHE297', PHE297', ALA360"

2.11 MET432%, SER296', VAL265%, VAL265%, CYS267', LEU295¢, VAL434%, LEU295¢

2.12 CYS260° VAL258%, ASP268"°, ASP268", LEU257¢, VAL258°, ALA269¢

3.1 ALA269° LEU257%, ARG490 ¢

3.2 GLN491%, HIS187", HIS187", HIS187", ARG490/, GLU254", GLN491', GLU254%, HIS187¢, ARG490"

33 ASN185% VAL258°, ASP268"

34 ASN185° ALA186%, LEU257% THR209* HIS187", ASP268"

4.1 ASP268/, ASP268, CYS260°, CYS267°, CYS260*, SER266°, ASP268", ASP268"

4.2 ALA186% LEU257% ASN185% ALA186% CYS189° THR209* HIS187", ASP268"

5.1 ARG3307%, TYR335% TYR335% GLU303", ARG206, ARG330/, GLU217", GLU303*, HIS268?, HIS268%,
’ ALA100¢, ALA311¢, TYR269¢

5.2 GLN334% GLN334", PRO338", ASN288', ASN288', ALA387"

Notes: * — a — Conventional Hydrogen Bond; b — Electrostatic (n-Anion), ¢ — Hydrophobic (Amide-n-Stacked), d — Hydrophobic (n-Alkyl); e —
Hydrophobic (Alk); f — Hydrophobic (n-Alk), g — Hydrophobic (n-n-T-shaped), h — Carbon Hydrogen Bond, i — n-Donor Hydrogen Bond, j —

Electrostatic (n-Cation), k — Hydrophobic (n-Sigma), 1 — n-Sulfur.

The studied compounds have various interaction

(Table 2). Hence, visualization of interaction of com-

with amino acid moieties in active site of ENaC pound 2.1 with ENaC (Fig. 2, B) revealed the presence
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of one conventional hydrogen bond between NH-group
in position with amino-acid moiety CYS267 (2,84A).
Besides, compound 2.1 forms three weaker carbon
hydrogen bond between long pairs of N-5, O-4, NH-
group of pteridine cycle and SER210 (3,68A),
THR259 (3,52A) and LEU257 (3,37A), correspon-
dingly. Additionally for compound 2.1 were predicted
electrostatic (m-anion) and hydrophobic (Alk) inte-
ractions between electron deficient cycle and

Hydrophobicity

3,00
2,00
1,00
0,00
-1,00
-2,00
-3,00

{ Asp26s

Hydrophobicity

3,00
2,00
1,00
0,00
-1,00
-2,00
-3,00

C

ASP268 (3,78A, 3,20A), ALA269 (3,84A) and
LEU257 (3,37A). Abovementioned interaction provide
the placing of 2.1 molecule (LogP = -1.68) in lipophilic
part of ENaC active site. It should be noted that placing
of compound 2.1 is different from placing of
triamterene molecule that despite higher lipophilicity
(LogP =2.58) located in more hydrophilic part of the
ENaC pocket.

Hydropubicity

3,00
2,00
1,00
0,00
-1,00
-2,00
-3,00

Hydrophobicity

3,00
200
1,00
0,00

-1,00

-z,ool N\
-3.00

Fig. 2. Types of ligand-enzyme interactions according to the visualization of the docking study: A) triamterene with
ENaC 3D; B) compound 2.1 with ENaC 3D; C) compound 2.4 with ENaC 3D; D) compound 5.2 with ENaC 3D
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Molecule of compound 2.4 (LogP =3.36) is placed
in lipophilic part of active site of enzyme as well
(Fig. 2, C). At the same time molecule of abovemen-
tioned compound form interaction with other amino
acid moieties. (Table 2). Hence, molecular docking of
compound 2.4 toward ENaC revealed (Fig. 2, C) that
ligand-enzyme interactions are formed by conven-
tional hydrogen bond between lone pair of O-4 and
N-5 of pteridine cycle and amino acids moieties
HIS299 (3,16A), PRO300 (3,39A) and HIS299
(3,59A) correspondingly. The other bindings of
compound 2.4 are weak electrostatic interactions
(Alk, m-Alk, n-n-T-shaped) with PRO437 (3,71A),
ALA360 (5,08A), PHE297 (5,45A), PHE297 (4,72A).
The listed interactions are decisive for placing of
molecule in active site of molecular target.

Molecule of compound 5.2 unlike compounds 2.1
and 2.5 is placed in hydrophilic part of ENaC active
center (Fig. 2, D). Abovementioned placing is provi-
ded by two conventional hydrogen bonds of NH-
fragment in 1° and 8™ position of the cycle and carbon
hydrogen bond of carboxylic group with
GLN334 (2,46A and 2.41A) and PRO338 (3,53 A)
correspondingly. Additionally placing of ligand in
active site of enzyme is facilitated by n-donor hyd-
rogen bond and hydrophobic (m-Alk) interaction of
pteridine cycle with ASN288 (4,09A and 3,54A) and
ALA387 (4,80A), correspondingly.

0]

)‘t[
I
ACOH reflux, )\ R3

In this way, conducted molecular docking of studied
compounds toward biological target showed, that most
of the compounds formed different from the
triamterene ligand-enzyme interactions. At that time
compound 5.2 has similar to triamterene position in
active site of ENaC. Despite the obvious benefits,
computer-aided drug design methods have some
limitations. Hence, computer modelling methods do not
consider diversity of the drug’s effects on living
organism of experimental animals. Traditional organic
synthesis methods and their in vivo screening for
biological activity should be conducted to estimate tha
value of compounds as potential diuretics.

Hence, the following step of the present study
included synthesis of compounds 2 via condensation of
5,6-diamino-2-0xo0-(thioxo-)-2,3-dihydropyrimidin-
4(1H)-ones (1.1-1.3) with carbonyl containing com-
pounds (Fig. 3) [17, 18]. The formation of the pteridine
system (compounds 2) was proven by the presence of
characteristic signals that correspond to the substituents
in positions 6 and 7. Additionally compounds 2 were
characterized by the singlet signals of exchangeable
protons at the Ns-, N3- and N;-atoms of pteridine cycle
at the 13.72-10.78 ppm and singlet signals of COOH-
group protons (compound 2.6, 2.12) at the11.82-11.79
ppm. It should be mentioned that signals of exchan-
geable protons underwent significant paramagnetic shift
in case of thio-containing derivatives (2.7-2.12) [19].

0
N _R,
HIJI\I
NN R,

HOOC

R, CICH,COOH,
at R=H, X=S
s

EtONa, EtOH,

H, 1-3h '\|j reflux, 60 min
s R 3134
- 2.1-2.11 s
1113 NH,NH, H,0,
EtOH, reflux,
1,5h

X=0, S; Ry=H, Me;

R,=H, Me, -CH,COOMe,
-(CH,),COOH, Ph, PhCH=CH,
(furan-2-yl)CH=CH-;

R3=H, Me, Ph, PhCH=CH,
(furan-2-yl(CH=CH-

5.1-5.2

O, 6 G e H”II

Rs reflux, 15h
41-4.2

Fig. 3. Approaches to the synthesis of triamterene synthetic analogue’s

The following step of chemical modification was
the S-alkylation of compounds 2.8, 2.9, 2.10 and 2.12
with halogen-containing carboxylic acid. Abovemen-
tioned reaction was conducted according to standard
procedure [20]. The 'H NMR spectra of compounds
3.1-3.4, unlike spectra of compounds?2, were
characterized by the presence of the signals that

12

associated with substituents at sulfur atom, namely
two proton singlet of SCH,-group at the 3.99-
4,06 ppm. Besides, spectra of abovementioned com-
pounds were characterized by the signals of exchan-
geable protons and set of the signals correspond to
substituents at the positions 6 and 7 [19].
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It should be mentioned, that replacement of
carboxyethylthiol fragment in position 2 of pteridine
cycle of compound 3 by hydrazino-group proceeded
easily. Abovementioned reaction required addition of
2-fold excess of hydrazine hydrate and short-term
refluxing (Fig. 3). This reaction resulted in the
formation of compounds 4 with satisfactory yields.
Reaction of compounds 4 with furfural yielded
corresponding hydrazones 5. Signals of hydrazine-
group protons were registered at the 7.40-7.22 ppm
and 4.36-4.20 ppm in 'HNMR spectra of com-
pounds 4. At the same time spectra of compounds 5
were characterized by the singlet of azomethine
proton at the 8.01-8.00 ppm. Presented data definitely
prove the structure of obtained compounds.

The results of biological studies showed (Table 3),
that most of the investigated compounds by the 2 hour
of experiment revealed moderate diuretic effect or
inhibited the diuresis of experimental animals that is
characteristic for pteridine derivatives [4]. However,
compounds 2.3 and 5.1 with diuretic effect compa-
rable with activity of triamterene were found among
the studied compounds. (Table 3). More interesting
were the results of the study of synthesized
compounds effect on day diuresis. It was found that
compounds 2.2, 2.4, 2.7, 2.11 and 5.2 increased day
diuresis by 76.4-148.1%, that exceeded activity of
triamterene (49,1%, Table 3).

Table 3

The effect of the synthesized compounds and reference drugs on the process
of urination in intact rats under water load with a single injection (M+m, n=6)*

No. of compound mitogsn | verestedocontal | R | vl etaced o contrl
No.
control 3.48+0.09 - 2.16+0.05 -
2.1 1K-152AA 3.44+0.09 -1.1 4.34+0.30 100.9
22 1K-2 3.41+0.11 -2.0 3.06+0.14* 41.7
2.3 1K-133 4.11+0.12 18.1 1.21£0.19* -44.0
2.4 1K-202 3.25+0.09 -6.6 5.36+0.71* 148.1
2.5 1K-140 3.60+0.15 34 2.53+0.15 17.1
2.7 1K-267 2.94+0.08 -15.5 3.95+0.08 82.9
2.8 1K-152AB 3.59+0.12 3.2 1.73+0.09 -19.9
29 1K-152 3.23+0.09 212 1.31+0.11% -39.4
2.10 1K-265 2.64+0.11 -24.1 1.20+0.05* -44.4
2.11 1K-202C 3.16+0.08 -9.2 3.81+0.13 76.4
3.2 1K-265A 2.37+0.08 =319 1.44+0.06* -33.3
4.1 1K-268B 3.10+0.09 -10.9 1.53+0.07 -29.2
5.1 1K-280 4.05+0.05 16.4 2.63+0.10 21.8
5.2 1K-289 3.00+0.09 -13.8 4.85+0.30* 124.5
Control 3.39+0.30 - 2.20+0.28 -
Triamterene 4.00+0.23* 18.0 3.28+0.17* 49.1

Notes: * — significant changes in control (p<0.05); n — is the number of animals in the group.

Conducted QSAR studies showed that structural
modification of triamterene via replacing of amino
group in 2™ and 4" position by oxo-groups in most of
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cases was reasonable (compounds 2.1, 2.2 and 2.4).
Replacing of oxo-group in position 2 of pteridine
system by thioxo-group (2.8-2.10), hydrazino-group
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(4.1 and 4.2) led to the loss of diuretic activity.
Transformation of thioxo-group at the 2™ position
into mercapthomethylcarboxylic fragment (com-
pound 3.2) resulted in the decreasing of activity as
well. Introduction of furylhydrazone fragment to
position 2 of pteridine system (5.1 and 5.2) enhances
diuresis. The nature of substituents in positions 6 and
7 have a significant impact on diuretic activity level.

Therefore, compounds 2.4 and 2.11 that contain
arylvinyl fragments in positions 6 and 7 reveal signi-
ficant diuretic activity. Hence, the purposeful search
of biologically active compounds with diuretic
activity among the structural analogues of triam-
terene is reasonable and opens prospects for further
design, synthesis and advanced studies of their effect
on excretion system.

CONCLUSIONS

The design of new biologically active compounds
with diuretic activity was performed using in silico
methodologies and realized by structural modifi-
cation of the well-known diuretic triamterene.
Condensation of 5,6-diamino-2-oxo-(thioxo-)-2,3-
dihydropyrimidin-4(1H)-ones with carbonyl con-
taining compounds is convenient method for
synthesis of promising diuretics that can be used for
preparation of various by structure compounds.
Several effective substances were identified among
synthesized pteridines, which exceed the reference
drug triamterene by the level of diuretic activity.
Replacing of amino group in 2™ and 4" position by
oxo-groups, introduction of furylhydrazone fragment
to position 2 of pteridine system and arylvinyl frag-
ments to positions 6 and 7 are reasonable in scope of
novel diuretics synthesis while replacing oxo-group
in position 2 of pteridine system by thioxo-group
hydrazino-group, as well, as transformation of thio-
xo-group in the 2" position into mercaptho-
methylcarboxylic fragment lead to the loss of diuretic
activity. The obtained results substantiate further
purposeful search, in-depth research on experimental
pathologies and study of the mechanism of action of
potential diuretics among this class of compounds.

Recommendations.

The results of studies confirmed the diuretic effect
of some 6-substituted pteridine-2,4,7 (1H, 3H, 8H) -

triones and open up prospects for further study of their
effects on the urinary system. /n vitro study of syn-
thesized compounds effect on molecular targets asso-
ciated with diuretic activity, structural modification of
active compounds by introducing of additional phar-
macophore groups or their "bioisosteric" substitutions
are among reasonable directions of further studies.
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