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3'-R-Spiro[cycloalkyl-1(2), (hetaryl-3(4), 6'-[1,2,4]triazino[2,3-C]

quinazoline]-2'(7’H)-2-ones as a perspective class of compounds

with actoprotective activity

0. S. Kolomoets, O. Yu. Voskoboynik, I. S. Nosulenko, O. V. Kryvoshey,
A. l. Avramenko, G. G. Berest, S. |. Kovalenko

Zaporizhzhia State Medical University, Ukraine

Quinazolines and their derivatives are a perspective class of compounds with versatile biological activities. Their representatives
are used in medical practice as sleeping, diuretic, antimicrobial and antitumor drugs. Continuing our search of perspective
compounds with actprotective activity among azolo-(azino-)[c]quinazoline derivatives it was decided to combine the mentioned
above heterocyclic system with carbocyclic or heterocyclic fragments in one molecule. Moreover, an affinity to melanocortin-4,
nociceptin (NOP), adenosine, GABA and glutamine receptors among spiropiperidines, spiropiperidinoquinazolines, spiropiperidi
notriazoloquinazolines, spiroindolinoguinazolines and others was found and as a rule they exhibit neuroprotective, neurotrophic,
anti-inflammatory and other actions.

Aim. The aim of the present work was the primary screening of actoprotective activity among novel 3'-R-spiro [cycloalkyl-1(2),
(hetaryl-3(4), 6')-[1,2,4]triazino[2,3-c]quinazoline]-2'(7’'H)-2-ones, estimating of antiradical activity as the possible mechanism
of actoprotection and the evaluation of perspectivity of further profound researches for high-active compounds.

Materials and methods. Actprotective activity of perspective and unknown 3'-R-spiro[cycloalkyl-1(2), (hetaryl-3(4), 6'-[1,2,4]
triazino[2,3-c]quinazoline]-2'(7'H)-2-ones was studied using the swimming test at the temperature 24-26 °C (normothermia)
with additional load (10 % from the weight of experimental animal). The experiment was carried out on white Wistar rats and
“Mildronate” was used as a reference drug.

Results and discussion. It was found, that most of the tested compounds being intragastrically administrated increased the
duration of experimental animals swimming in dose of 50 mg/kg in conditions of normothermia. Also, we found a number of
high active compounds (1.6, 1.11, 1.12, 1.18, 1,19, 1.25), that were superior to the reference drug “Mildronate” by the level
of actoprotection on 13.2-47.8 %. It was shown that there is no reliable dependence between actoprotective and antiradical
activities among 3'-R-spiro[cycloalkyl-1(2), (hetaryl-3(4), 6'-[1,2,4]triazino[2,3-c]quinazoline]-2'(7’H)-2-ones. The analysis of
“structure — activity” correlation showed that critical factors in revealing of high actprotective action is not only the size and nature
of spirocycle of position 6, but also a substituent in position 3 of triazino[2,3-c]quinazoline system. The most active compounds
1.6, 1.11, 1.12, 1.18, 1.19 and 1.25 were recommended for further pharmacological studies.

3’-R-Cnipo[uuknoankin-1(2), (rerapun-3(4), 6’4{1,2,4]rpnasnHo[2,3-c]xiHa30AiH]-
2'(7’H)-2-0H1 - nepcneKTMBHUM KAAC CMOAYK 3 aKTONPOTEKTOPHOIO aKTUBHICTIO

0. C. Konomoeup, 0. H0. BockoboitHik, I. C. HocyaeHko, O. B. Kpueowien, A. I. ABpameHKo,
I. T. bepecr, C. |. KoBareHko

XiHasoniHu Ta ixHi MOXigHi — NepPCMeKTUBHWIA KNac Cronyk i3 Pi3HOMaHITHOK GiONOriYHOK aKTUBHICTIO, MPEACTABHUKW SIKOTO
3aCTOCOBYHOTbCS B MEAUYHIN NPaKTULi SIK CHOAINHI, AiypETUYHI, aHTUMIKPOOHI, NPOTUMYXMHHI 3ac06U. Y NPOAOBXKEHHS none-
penHix focnigpkeHb LLOAO NOLLYKY NEPCMEKTUBHUX CMOMYK 3 akTONPOTEKTOPHOK aKTUBHICTIO cepeg, NoXiAHUX a3ono-(asvHo-)[c]
XiHa30MiHiB LikaBy1m Byno noeaHaHHs B OAHIN Monekyni kapboLyKiYHKX | reTepoLmkiyHMX doparMeHTiB. ba BinbLue, Lo cepen
CriponinepuAnHIB, CriponinepuANHOXIHA30MIHIB, CripONiNepPUAVHOTPUA30MOXIHA30MIHIB, CMIPOIHAONIHOXIHA30MIHIB BUSBNEHa
adpiHHicTb 40 MenaHokopTuHy-4, HoumuenTuHoBux (NOP), ageHo3nHoBux, FAMK- i rmyTamiHOBKX peLenTopiB, i BOHW, SiK
MpaBuno, NPOSIBIAOTb HENPOMPOTEKTOPHY, HEMPOTPOIYHY, NPOTU3aNasnbHY Ta iHLUi A,

MeTa po60Tu — nepBUHHUI CKPUHIHT 3'-R-cnipo[umknoankin-1(2), (retapun-3(4), 6')-[1,2,4]TpnasnHo[2,3-c]xiHazonin]-2'(7’ H)-2-
OHIB Ha aKTONPOTEKTOPHY aKTUBHICTb, BUBYEHHS aHTUPaAVKanbHOI Aii SK BipOrigHOro MexaHiaMy akTonpoTeKLii Ta OLiHIOBaHHS
NepcnekTMBHOCTI BUCOKOAKTUBHWX CNOMYK ANS AANbLLOMO NOrnMONeHoro AoCHimKeHHS.

Marepianu Ta meToau. AKTONPOTEKTOPHY aKTUBHICTb ANs MEPCNEKTUBHMX i HeBigoMux 3'-R-cnipo[umknoankin-1(2), (reta-
pun-3(4), 6')-[1,2,4]rpnasnHo[2,3-c]xiHa3oni]-2' (7' H)-2-0HiB BUB4EHO 3a TECTOM NnaBanbHoi Npobw Npu Temnepatypi 24-26 °C
(HopmoTepMis) 3 foAaTKoBUM HaBaHTaxeHHsAM (10 % Big Macy Tina ekcnepuMeHTanbHUX TBapuH). [oCnimKeHHs 3aiNCHUNM Ha
6inunx LWypax niwii Bictap, sk pedepeHc-npenapart BukopucTanuii «MingpoHary.

Pe3ynkratin. BctaHoBunw, WO BinbLuicTb NPOTECTOBAHUX CMOMYK NPY BHYTPILLHBOLLITYHKOBOMY BBeAEHHI Y [03i 50 Mr/kr 36inb-
LUYHOTb TPMBANICTb NNAaBaHHS eKCNEPUMEHTAbHIX TBAPWH B YMOBaX HOPMOTEPMIi. BUSIBNEHUI psif BUCOKOAKTUBHIX CMOMYK
(1.6, 1.11,1.12, 1.18, 1.19, 1.25), wo 3a piBHEM aKTONPOTEKTOPHOI aKTUBHOCTI NEPEBULLYIOTL pedpepeHc-npenapar «Mingpo-
HaT» Ha 13,2—47,8 %. MNokasaHo, L0 BipOriaHOI 3aNeXHOCTi MiXX aKTOMPOTEKTOPHO Ta aHTUPaAMKanbHOK aKTUBHICTIO cepen
3'-R-cnipo[umknoankin-1(2), (retapun-3(4), 6')-[1,2,4]tpunasnHo|2,3-c]xiHasonin]-2'(7’H)-2-oHiB Hemae. AHani3 B3aeMO3B’s3Ky
«CTPYKTYpa — aKTUBHICTbY» MOKa3aB: KpUTUYHUMMK (DaKTOpamm y NPOsiBi BUCOKOI aKTOMPOTEKTOPHOI Aii € He Tinbku po3mip i
npupoAa CcnipouuKny NonoXeHHs! 6, a TakoX 3aMiCHUK MOMOXEHHA 3 TpWasnHO[2,3-C]xiHa3oniHOBOI cucTeMn. HanakTUBHILL
cronykv 1.6, 1.11, 1.12, 1.18, 1.19 Ta 1.25 pekomeHaoBaHi Ans noganbLumx (hapMakomnoriyHUX JOCIMKEHb.
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3’-R-Cnupo[uuknoankua-1(2), (rerapua-3(4), 6'-[1,2,4]tpua3uno[2,3-c]xuHa3onun]-2’(7’'H)-2-
OHbI - NEPCNEKTUBHBIW KAACC COEAMHEHUH C aKTONPOTEKTOPHOU aKTUBHOCTbIO

A. C. Konomoeu, A. 0. BockoboitHuk, U. C. HocyaeHko, O. B. Kpusowen, A. U. ABpaMeHKo,
I. T. Bepecr, C. N. KoBaneHko

XVHA30MMHbI 1 NX NPOM3BOAHBIE — NEPCNEKTVBHBIN KNACC COEAUHEHNI C pa3HO06pa3HoN GMONOrMYeCcKoNn akTUBHOCTbIO, Mpesa-
CTaBMTENMN KOTOPOTO UCMONb3YHTCS B MEAVLIMHCKON NPaKTUKE B KAYECTBE CHOTBOPHbIX, ANYPETUYECKNX, MPOTUBOMMKPOOHbIX,
NPOTMBOOMYXONEBbIX NpenapaToB. B npogomkeHne npeaplayLlinx UccrnefoBaHuUi No noucky NepenekTUBHbIX COEAUHEHUI C
aKTOMPOTEKTOPHOM aKTUBHOCTBIO CPeAy NPOM3BOAHbIX a30M0-(a3nHO-)[C]XMHA30MMHOB MHTEPECHBLIM BbINO COYEeTaHVe B OQHOW
Monekyrne kapboLMKINYECKUX M FeTEPOLIMKIMYECKIX pparMeHTOB. Tem 6onee, YTO cpeay CNMponUNePUaNHOB, CNMPONUNEpUaN-
HOXWHA30MHOB, CIMPONMMEPUANHOTPUA30NOXMHA30MMHOB, CIMPOVNHAONIMHOXMHA30IMHOB 1 APYruX 0bHapyxeHa adhUHHOCTb
K MenakopTuHy-4, HOLMLENTUHOBIUM, ageHo3nHoBUM, FAMK- 1 rioTaMmMHOBBLIM peLienTopam, v OHK, Kak NpaBumno, NPosBRSOT
HENpONPOTEKTOPHOE, HEMPOTPOMYECKOE, MPOTUBOBOCTANUTENBHOE U Apyrne AENCTBUS.

Llenb paboTbl — nepBuYHbIA CKpUHUHT 3'-R-cnnpo[umknoankun-1(2), (retapun-3(4), 6')-[1,2,4]tpuasunHo[2,3-c]xmHaso-

nuH]-2'(7'H)-2-0HOB Ha aKTOMPOTEKTOPHYO aKTUBHOCTb, M3YYEeHWe aHTUpaauMKanbHOTO AECTBUS Kak BEPOSTHOTO MeXaHn3ama
MPOSIBNEHUS aKTONPOTEKLMM M MOTEHLMANbHBIX BbICOKOAKTUBHBIX COEAUHEHWIA ANs AarnbHeRLwero yriyBnéHHoro nayyYeHus.

MaTepuanbl U MeToAbl. AKTONPOTEKTOPHAsS aKTUBHOCTb MEPCMEKTMBHBIX U Hen3BeCTHbIX 3'-R-cninpo[umknoankun-1(2),
(rerapun-3(4), 6')-[1,2,4]tpuasnHo[2,3-c]xuHasonnH]-2'(7’H)-2-oHoB bbina u3yyeHa ¢ UCMoNb3oBaHMEM TecTa nnaBaTenbHoON
npo6bl Npu Temnepatype 24-26 °C (HopMoTepMMs) C AONONHUTENBHON Harpy3kor (10 % OT Macchl Tena aKkcnepuMeHTanbHbIX
XMBOTHBIX). MlccnenoBaHms npoBeadeHbl Ha G6enbix Kpbicax IMHMM Buctap, B kayecTBe pedepeHc-npenapara 1cnonb3oBaH
«MungpoHat».

Pesynbratbl. YCTaHOBNEHO, YTO GOMBLUMHCTBO NPOTECTUPOBAHHBIX COEAMHEHUI NMPU BHYTPUXENYAOYHOM BBEEHWN B [03e
50 Mr/kr yBenmunBatoT NPOAOMKMTENBHOCTb NaBaHUs AKCMEPUMEHTaTbHbIX XUBOTHbIX B YCNIOBUSIX HOpMoTepMun. OBHapyxeH
psi BbICOKO3hpekTUBHbIX coeanHenwii (1.6, 1.11,1.12, 1.18, 1.19, 1.25), KoTopbIe N0 YPOBHIO aKTONPOTEKTOPHOW aKTUBHOCTM
npesbiwatoT pedpeperc-npenapat «Mungporat» Ha 13,2-47,8 %. MNokasaHo, YTO 4OCTOBEPHOM 3aBUCUMOCTY MEXAY aKTONpo-
TEKTOPHOM W aHTUpaguKanbHOW akTUBHOCTLIO cpean 3'-R-cnupo[umknoankun-1(2), (retapun-3(4), 6')-[1,2,4]tpnasnHo[2,3-c]
XUHa30nuH]-2'(7’H)-2-0HOB He cyLuecTByeT. AHanm3 B3aMMOCBA3W «CTPYKTYpa — aKTUBHOCTbY MOKasar, YTo KpUTUYECKUMU
¢hakTopamu B NPOSIBNEHWM BbICOKOrO aKTOMPOTEKTOPHOIO AECTBUS SIBMSIOTCS HE TOMNBKO pa3mep W npupoga CnmpoLukna no-
NOXeHWs 6, a TaKkkKe 3aMeCTUTENb NONOXEHNUS 3 TPUA3NHO[2,3-C]XMHa30NMHOBOMN cucTeMbl. Hanbonee akTUBHbIE COEANHEHMS
1.6, 1.11, 1.12, 1.18, 1.19 1 1.25 pekomeHA0BaHbI ANs AanbHeRWnx hapMakonormiecknx nccrnegoBaHuin.

Quinazolines and its derivatives as perspective objects of
structural modification and functionalization aimed to search
for novel bioactive substances attract attention of scientists
more and more [1-4]. Since their first synthesis in 1869, iden-
tifying the main quinazoline alkaloids and creation of drugs
with diverse biological activity only 150 years have passed
[5]. During this period, compounds with diverse pharmacolog-
ical action were found and a large number of original drugs,
which are used in medical practice as sleeping, diuretics,
antimicrobial, anticancer drugs were created [2,6]. Recently,
due to the molecular and biochemical mechanisms and the
development of medical chemistry, condensed quinazoline
analogues have been studied intensively. Thus, compounds
with anticonvulsant, analgesic, anti-inflammatory, autotropic,

Materials and methods

An unknown 3'-R-spiro[cycloalkyl-1(2), (hetaryl-3(4), 6'-
[1,2,4]triazino[2,3-c]quinazoline]-2'(7’H)-2-ones (1.1-1.33)
were chosen as the objects of present study. These
compounds were synthesized by known method [18] at
the department of organic and bioorganic chemistry at
Zaporizhzhia state medical university (the Head of the
Department, Prof. Kovalenko S. I.). The basic structure of
these compounds is shown in Fig. 1.

Actoprotective activity. The actoprotective and antiradical
activities were studied at the department of pharmacognosy,
pharmacology and botany of Zaporizhzhia State Medical
University (the Head of the department Associate professor,

antioxidant and other types of activity have been found
among mentioned above class of compounds [2—4,7].

Continuing our search [8—12] of perspective compounds
with actprotective activity among azolo-(azino-)[c]quinazo-
line derivatives we decided to combine the mentioned
above heterocyclic system with carbocyclic or heterocy-
clic fragments in one molecule. Moreover, an affinity to
melanocortin-4, nociceptin (NOP), adenosine, GABA and
glutamine receptors was found and as a rule they exhibit
neuroprotective, neurotrophic, anti-inflammatory and other
actions [13-17].

The aim of the present work was the primary screening
of actoprotective activity among novel 3'-R-spiro [cycloal-
kyl-1(2), (hetaryl-3(4), 6')-[1,2,4]triazino[2,3-c]quinazoline]-
2'(T’H)-2-ones, estimating of antiradical activity as the
possible action mechanism and the evaluation of perspectivi-
ty of further profound researches for high-active compounds.
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Dr.hab. Trzhetsynskiy). An experimental studies were per-
formed on white Wistar rats, weighing 160-200 g, aged 3.5
months, that were obtained from the nursery PE “Biomodel-
servis”. The duration of quarantine was 2 weeks. During this
experiment the animals were examined two times a day. They
were kept on a standard diet with natural day and night chang-
es and free access to water and feed. The temperature was
maintained in the range of 19-25 °C and the relative moisture
was 50-70 %. The temperature and moisture were recorded
daily. Ventilation regime was 15 volumes of air per an hour. The
animals were kept in standard cages (400x320%x160 mm) in
groups of 6 rats. The diet was feed grains, bread, vegetables
(beets, carrots) [19,20]. All experimental procedures were
carried out according to the “Regulations on using of animals
in biomedical research” [20,21].

Having been quarantine and individually fuchsine
marked animals were selected and divided into groups
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consisting of 6 male rats in the conditions of absence of
external signs of disease and homogeneity of groups of
their weight (£15 %). The weight of each laboratory animal
was determined before the beginning of the experiment. The
animals immediately drowned or hung on the water surface
were excluded from experiment. The experimentincluded the
following stages: the first swimming to the complete exhaus-
tion; set of the experimental groups according to the time
of the first swimming through the way of tandem selection;
second swimming to exhaustion (5 minutes after the first);
intragastric administration of the studied compounds at dose
50 mg/kg; third swimming (after 1 hour) after administration
of the compound.

Swimming test was carried out with an additional load,
that was attached near to base of the tail (10 % from the
rat weight) with previously boiled water (to remove air
bubbles) at the temperature 24-26 °C (normothermia)
[8,9,11,12]. The swimming time was fixed by the signs of full
exhaustion that was revealed by the way of giving up from
further swimming, lowering down the bottom and inability to
swim out for more than 10 seconds. The rats were swim-
ming separately in square transparent glass vessel (size
180x60x60 cm, height 40 cm). This methodology allowed
to evaluate the physical activity of the laboratory rats in
mixed physical activity implemented by aerobic-anaerobic
system.

Intragastric administration of substance was carried out
using noninvasive probe in the form of water suspension
with adding of tween-80 in 60 minutes before testing at dose
50 mg/kg was. The equivalent volume of distilled water with
tween-80 was administrated to the control animal group
in the similar way. The effectiveness of the investigated
compounds was compared with the control group and the
action of the reference drug. The Mildronate was used at
dose 50 mg/kg as a reference drug considering described
activity of mentioned above compound [22], previously
reported protocols for actoprotective activity estimating [23]

%
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and own experimental data. A dynamic which is relatively to
the control (DRC) in % according to the next equation was
calculated:

Ave. swimming (compound) — Ave. swimming (control)
DRC = — x 100
Ave. swimming (control)

Statistical data processing was carried out by using the
standard package of statistical program analysis processing
results, version Microsoft Office Excel 2003, Statistica® for
Windows 6.0 (StatSoft Inc., Ne AXXR712D833214FANS).
Parameters of arithmetic mean (M) and standard error and
representativeness of the arithmetic mean (m) for each
investigated compound were calculated. At the level of sig-
nificance p < 0.05 the null hypotheses was rejected when
the statistical hypotheses was checked.

Antiradical activity. Research of antiradical activity in
vitfro was based on the interaction of synthesized compounds
with 2.2-diphenyl-1-picrylhydrazile (DPPH) [24,25]. DPPH is
a stable free radical and its alcohol solutions are colored in
intense purple color (A =517 nm). DPPH interacted with
compounds that are able to bind with free radicals yields
products, which are yellow colored and does not absorb the
light at specified above wavelengths.

Research methodology. 2 ml of 1 mM solution of
compound in DMSO was mixed with 2 ml of 0.1 mM DPPH
methanol solution and it was incubated for 30 minutes at the
temperature of 25 °C and optical density (A) was measured
[24,25]. The optical density of 2 ml of 0.1 mM DPPH solution
in 2 ml of methanol (A,,,) was determined simultaneously.
Antiradical activity (ARA) was calculated by the next formula:
ARA% = (AppAg)Aspy X100 %. In the case of a negative
meaning ARAin % was estimated like 0. Weighing reagents
and synthesized compounds were conducted on electronic
scales “ANG200C” and the optical density was measured
by a spectrophotometer ULAB108UV.
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Fig. 1. The structures of tested 3-R-spiro[cycloalkyl-1(2), (hetaryl-3(4), 6'-[1,2,4]triazino[2,3-c]quinazoline]-2'(7°'H)-2-ones (1.1-1.33).

3anopoxckuii MeguumMHekui xypHan. — 2017. - T. 19, Ne 2(101)

ISSN 2306-4145  http://zmj.zsmu.edu.ua 229

OMe



Bonpockl papmaunm

Results and discussion

The given data (Table 1, 2) showed, that previous administra-
tion of Mildronate and synthesized compounds to rats led to
the increasing of physical endurance in comparison with the
control in the conditions of normothermia. It should be noted
that the determining factor in the revealing of actoprotective
activity was the heterocyclic fragment of molecule ([1,2,4]
triazino[2,3-c]quinazoline) as well as structural variety of
substituents of the position 3 and 6. Thus, the introduction of
3’-phenyl-spiro[cyclobutyl-1, 6')-{1,2,4]triazino[2,3-c]quinazo-
line]-2'(7’H)-2-one (1.1) to rats led to unreliable increasing of
swimming time of rats in comparison with the control group
(Table 1). The modification of the molecule by introducing

of other substituents (4-fluorophenyl-(1.2), 4-methoxyphe-
nyl-(1.3)) in position 3 of heterocycle did not lead to the
significant increasing of activity. However, the compounds
1.1-1.3 exhibit the significant antiradical activity by inhibiting
DPPH-radical on 40-50 % amid of moderate actoprotective
activity. The compound 1.3 has the highest activity among the
named compounds and increases the duration of swimming
at 13.2% in the presence of antiradical activity and com-
petes with Mildronate (Table 7). Introduction of cyclopentyl
substituent (1.4) instead of cyclobutyl (compound 1.2) in
position 6’ led to the loss of the antiradical, as well as acto-
protective activities. Whereas, further modification of [1,2,4]
triazino[2,3-c]quinazoline system through the introduction
to the position 6 of 4-fert-butylhexyl substituent (1.5, 1.6)

Table 1. Antiradical and actoprotective activities of 3'-R-spiro[cycloalkyl-1(2), 6’-[1,2,4]triazino[2,3-c]quinazoline]-2’(7’H)-2-ones (1.1-1.11)

Ne  Code R R, n Average swimming time, sec  Actoprotective action, % ARA %, (conc .1x10?)
1 Ascorbic acid - - - - - 68,21
2 Control group - - - 159+30 0 -

3 Mildronate - - - 180+39* 13.21 -

4 1.1 KK-43 Ph H 0 163+17 2.52 45.39
5 1.2 KK-44 4-FCH, H 0 150+29 -5.66 49.95
6 1.3 KK-45 4-MeOCH, H 0 18057 13.21 36.96
7 1.4 AV-368 4-FCH, H 1 174+20* 9.43 12.85
8 1.5AV-334 Me 4-tert-C,H, 2 187+39* 17.61 29.94
9 1.6 AV-341 Ph 4-tert-C,H, 2 201+42* 26.41 47.86
10 1.7KK-50 Me H 3 137124 -13.84 -0.36
1 1.8 KK-48 4-FCH, H 3 158+12 -0.63 -4.75
12 1.9KK-49 4-MeOC.H, H 3 178+39 11.95 1.63
13 1.10KK-24 4-FCH, - - 183+12* 15.09 -8.60
14 1.11KK-25 4-MeOC H, - - 216189 35.85 2.64

*:p £0.05 in relation to the control group of rats; *#: p < 0.05 in relation to group of rats received Mildronate.

Table 2. Antiradical and actoprotective activities of 3'-R-spiro[hetaryl-1(3,4), 6'-[1,2,4]triazino[2,3-c]quinazoline]-2'(7’H)-2-ones (1.1-1.33)

Ne  Code R X R, Average swimming time, sec  Actoprotective action, % ARA %, (conc. 1x10%)
1 Ascorbic acid - - - - - 68.21
2 Control group - - - 159430 0 -

3 Mildronate - - - 180+39* 13.21 -

4 112 AV-729 Ph S - 197 +£27* 23.90 1.35
5 1.13 KK-34 4-FCH, SO, - 177+39 11.32 485
6 1.14 AV-754 Ph o] - 169+50 6.29 -1.26
7 1.15 KK-90 Me S - 19475 22.01 8.53
8 1.16 KK-89 Ph S - 129+21% -18.87 -8.53
9 1.17 KK-91 4-FCH, S - 142+40 -10.69 -7.62
10 1.18AV-344 Ph N-Me - 242+65* 52.20 0.97
1 1.19 AV-356 4-EtCH, N-Me - 210+58* 32.08 1.26
12 1.20 AV-360 4-PrCH, N-Me - 183+12* 15.09 -0.15
13 1.21AV-357 3.4-Me,CH, N-Me - 190+33* 19.50 2.36
14 1.22 AV-347 4-FCH, N-Me - 170£31 6.92 123
15 1.23AV-346 4-MeOCH, N-Me - 144+33 -9.43 1.65
16 1.24 AV-359 4-EtOCH, N-Me - 120+30* -24.53 2.52
17 1.25AV-358 4-FCH, N-Me Br 256476 61.01 1.95
18 1.26 Av-498 Me - - 160.5+57 0.94 51.56
19 1.27 Av-497 Ph - - 153+12* 377 42.16
20  1.28AV-517 4-iso-PrCH, - - 168+30 5.66 29.13
21 1.29 AV-514 4-FCH, - - 172432 8.18 35.98
22 1.30AV-515 thienil-2 - - 151+23 -5.03 37.21
23 1.31KK-59 4-FCH, - Br 190+33* 19.50 66.42
24 1.32KK-60 4-MeOC,H, - Br 188+33* 18.24 66.01
25  1.33KK-40 Ph - - 186+40* 16.98 -6.17

*p <0.05 in relation to the control group of rats; *#: p < 0.05 in relation to group of rats received Mildronate.
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leads to a significant increasing of actoprotective activity
in the presence of moderate antiradical activity (Table 7). It
is important, that substituent of position 3 influences to the
actoprotective activity of the compounds 1.5, 1.6 in case
if the phenyl substituent (1.6) the actoprotective activity is
higher comparing to Mildronate 13.2 %.

Expansion of spirocycle in position 6" of [1,2,4]tria-
zino[2,3-c]quinazolines (1.5, 1.6) to the cycloheptyl (1.7-1.9)
leads to loss of not only actoprotective activity, but also
antiradical activity. Only compound 1.9 with 4-methoxyphe-
nyl substituent shows the moderate actoprotective activity
among these compounds. Whereas, the introduction of
bicyclic fragment (compounds 1.10, 1.11) to the position 6 of
[1,2,4]triazino[2,3-c]quinazoline system positively influences
the actoprotective activity. Thus, in the absence of antiradical
activity mentioned above compounds increase the average
swimming time of experimental animals at 15.09-35.85 %
respectively in comparison with the control group.

The following modification of molecule was directed
to the introduction of hetaryl fragment to the position 6 of
[1,2,4]triazino[2,3-c]quinazoline system and aimed to the
enhancing of the actoprotective activity (Table 2). Thus, it
was established that the introduction of tetrahydrothiopyrane
fragment (1.12) to the position 6 led to the increasing of
swimming time of rats and resulted the increasing of the
activity at 10.7 % in comparison with a control group. The
modification of the compound 1.12 by oxidation of Sulfur
in substituent of position 6 to the corresponding sulfones
(1.13) reduces the duration of animal swimming by 2 times.
Repositioning of Sulfur in tetrahydrothiopyrane cycle (com-
pounds 1.15-1.17), replacing it to tetrahydropyrane cycle
(1.14) and the modification of the substituent at position
3 of heterocycle led to the loss (1.14, 1.16, 1.17) of bio-
logical activity or maintenance it on the same level (1.15).
3’-R-1-methylspiro[piperidine-4,6’-[1,2,4]triazino[2,3-c]
quinazoline]-2'(7’H)-ones (1.18-1.24) were more interesting
in biological scope and it is important that their actoprotective
activity depends on the nature of the substituent in position
3. Thus, compounds with phenyl (1.18), 4-ethylphenyl (1.19),
4-iso-propylphenyl (1.20) and 3,4-dimethylphenyl (1.21)
moieties exceed Mildronat's activity on 1.88-38.99 %. The
compounds with 4-fluorophenyl (1.22), 4-methoxyphenyl
(1.23) and 4-ethoxyphenyl (1.24) substituents were proved
to be less active. However, the additional introduction of
bromine into the compound 1.22 in position 10 of [1,2,4]
triazino[2,3-c]quinazoline fragment led to a significant in-
creasing of activity, which exceeds Mildronate's at 47.8 %. It
should be noted, that the compounds 1.12-1.25 don't reveal
the antiradical activity (Table 2). However, the introduction
of indoline fragment to the position 6 of triazinoquinazoline
cycle (1.26-1.32) led to the high antiradical activity, which
is close to ascorbic acid in some cases (Table 2). However,
compounds 1.26-1.30 with different substituents in position
3 don’t show (1.27, 1.30) or have a poor (1.26, 1.28, 1.29)
actoprotective activity. It should be noted that the introduction
of bromine in position 5 of indoline moiety of the molecule
(1.31, 1.32) led to the increasing of actoprotective activity
on 10-11%. Further modification of compound 1.27 by
introduction of the acetanilide substituent doesn’t increase
the swimming time of rats.

Thus, the search of actoprotective activity among un-
known 3'-R-spiro[cycloalkyl-1(2), (hetaryl-3(4), 6')-[1,2,4]
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triazino[2,3-c]quinazoline]-2'(7’H)-2-ones revealed a number
of high active compounds (1.6, 1.11, 1.12, 1.18, 1.19 and
1.25), which were recommended for further pharmacological
research. Areliable dependence between the actoprotective
and the antiradical activities of the compounds wasn'’t found
and probably their mechanism of action is different.

Conclusions

The actoprotective activity of unknown 3’-R-spiro[cycloal-
kyl-1(2), (hetaryl-3(4), 6')-[1,2,4]triazino[2,3-c]-quinazoline]-
2'(T’H)-2-ones was established for the first time. It was
shown that among 3'-R-spiro[cycloalkyl-1(2), (hetaryl-3(4),
6')-[1,2,4]triazino[2,3-c]-quinazoline]-2'(7’H)-2-ones there
wasn't a reliable dependence between the actoprotective and
the antiradical activities. Analysis “structure — activity” rela-
tionships showed that the critical factors in determining the
high actoprotective action is not only the size and the nature
of spiro-fragment of the position 6, but also the substituentin
position 3 of triazino[2.3-c]quinazoline cycle. The compounds
1.6, 1.11, 1.12, 1.18, 1.19 and 1.25 were recommended
for further studies considering there higher (13.2-47.8 %)
actoprotective activity comparing to “Mildronate” .
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