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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-оnes as a perspective class of compounds  
with actoprotective activity
O. S. Kolomoets, О. Yu. Voskoboynik, I. S. Nosulenko, O. V. Kryvoshey,  
A. I. Avramenko, G. G. Berest, S. I. 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, spiroindolinoquinazolines 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-Спіро[циклоалкіл-1(2), (гетарил-3(4), 6’-[1,2,4]триазино[2,3-c]хіназолін]- 
2’(7’H)-2-они – перспективний клас сполук з актопротекторною активністю

O. С. Коломоєць, О. Ю. Воскобойнік, І. С. Носуленко, О. В. Кривошей, А. І. Авраменко,  
Г. Г. Берест, С. І. Коваленко

Хіназоліни та їхні похідні – перспективний клас сполук із різноманітною біологічною активністю, представники якого 
застосовуються в медичній практиці як снодійні, діуретичні, антимікробні, протипухлинні засоби. У продовження попе-
редніх досліджень щодо пошуку перспективних сполук з актопротекторною активністю серед похідних азоло-(азино-)[c]
хіназолінів цікавим було поєднання в одній молекулі карбоциклічних і гетероциклічних фрагментів. Ба більше, що серед 
спiропіперидинів, спіропіперидинохіназолінів, спіропіперидинотриазолохіназолінів, спіроіндолінохіназолінів виявлена 
аффінність до меланокортину-4, ноцицептинових (NOP), аденозинових, ГАМК- і глутамінових рецепторів, і вони, як 
правило, проявляють нейропротекторну, нейротрофічну, протизапальну та інші дії. 

Мета роботи – первинний скринінг 3’-R-спіро[циклоалкіл-1(2), (гетарил-3(4), 6’)-[1,2,4]триазино[2,3-c]хіназолін]-2’(7’H)-2-
онів на актопротекторну активність, вивчення антирадикальної дії як вірогідного механізму актопротекції та оцінювання 
перспективності високоактивних сполук для дальшого поглибленого дослідження.

Матеріали та методи. Актопротекторну активність для перспективних і невідомих 3’-R-спіро[циклоалкіл-1(2), (гета-
рил-3(4), 6’)-[1,2,4]триазино[2,3-c]хіназолін]-2’(7’H)-2-онів вивчено за тестом плавальної проби при температурі 24–26 °C 
(нормотермія) з додатковим навантаженням (10 % від маси тіла експериментальних тварин). Дослідження здійснили на 
білих щурах лінії Вістар, як референс-препарат використаний «Мілдронат».

Результати. Встановили, що більшість протестованих сполук при внутрішньошлунковому введенні у дозі 50 мг/кг збіль-
шують тривалість плавання експериментальних тварин в умовах нормотермії. Виявлений ряд високоактивних сполук 
(1.6, 1.11, 1.12, 1.18, 1.19, 1.25), що за рівнем актопротекторної активності перевищують референс-препарат «Мілдро-
нат» на 13,2–47,8 %. Показано, що вірогідної залежності між актопротекторною та антирадикальною активністю серед 
3’-R-cпіро[циклоалкіл-1(2), (гетарил-3(4), 6’)-[1,2,4]триазино[2,3-c]хіназолін]-2’(7’H)-2-онів немає. Аналіз взаємозв’язку 
«структура – активність» показав: критичними факторами у прояві високої актопротекторної дії є не тільки розмір і 
природа спіроциклу положення 6, а також замісник положення 3 триазино[2,3-c]хіназолінової системи. Найактивніші 
сполуки 1.6, 1.11, 1.12, 1.18, 1.19 та 1.25 рекомендовані для подальших фармакологічних досліджень.
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3’-R-Спиро[циклоалкил-1(2), (гетарил-3(4), 6’-[1,2,4]триазино[2,3-c]хиназолин]-2’(7’H)-2-
оны – перспективный класс соединений с актопротекторной активностью

А. С. Коломоец, А. Ю. Воскобойник, И. С. Носуленко, О. В. Кривошей, А. И. Авраменко,  
Г. Г. Берест, С. И. Коваленко

Хиназолины и их производные – перспективный класс соединений с разнообразной биологической активностью, пред-
ставители которого используются в медицинской практике в качестве снотворных, диуретических, противомикробных, 
противоопухолевых препаратов. В продолжение предыдущих исследований по поиску перспективных соединений с 
актопротекторной активностью среди производных азоло-(азино-)[c]хиназолинов интересным было сочетание в одной 
молекуле карбоциклических и гетероциклических фрагментов. Тем более, что среди спиропиперидинов, спиропипериди-
нохиназолинов, спиропиперидинотриазолохиназолинов, спироиндолинохиназолинов и других обнаружена аффинность 
к мелакортину-4, ноцицептиновим, аденозиновим, ГАМК- и глютаминовым рецепторам, и они, как правило, проявляют 
нейропротекторное, нейротрофическое, противовоспалительное и другие действия.

Цель работы – первичный скрининг 3’-R-спиро[циклоалкил-1(2), (гетарил-3(4), 6’)-[1,2,4]триазино[2,3-c]хиназо-
лин]-2’(7’H)-2-онов на актопротекторную активность, изучение антирадикального действия как вероятного механизма 
проявления актопротекции и потенциальных высокоактивных соединений для дальнейшего углублённого изучения. 

Материалы и методы. Актопротекторная активность перспективных и неизвестных 3’-R-спиро[циклоалкил-1(2), 
(гетарил-3(4), 6’)-[1,2,4]триазино[2,3-c]хиназолин]-2’(7’H)-2-онов была изучена с использованием теста плавательной 
пробы при температуре 24–26 °C (нормотермия) с дополнительной нагрузкой (10 % от массы тела экспериментальных 
животных). Исследования проведены на белых крысах линии Вистар, в качестве референс-препарата использован  
«Милдронат». 

Результаты. Установлено, что большинство протестированных соединений при внутрижелудочном введении в дозе 
50 мг/кг увеличивают продолжительность плавания экспериментальных животных в условиях нормотермии. Обнаружен 
ряд высокоэффективных соединений (1.6, 1.11, 1.12, 1.18, 1.19, 1.25), которые по уровню актопротекторной активности 
превышают референс-препарат «Милдронат» на 13,2–47,8 %. Показано, что достоверной зависимости между актопро-
текторной и антирадикальной активностью среди 3’-R-cпиро[циклоалкил-1(2), (гетарил-3(4), 6’)-[1,2,4]триазино[2,3-c]
хиназолин]-2’(7’H)-2-онов не существует. Анализ взаимосвязи «структура – активность» показал, что критическими 
факторами в проявлении высокого актопротекторного действия являются не только размер и природа спироцикла по-
ложения 6, а также заместитель положения 3 триазино[2,3-c]хиназолиновой системы. Наиболее активные соединения 
1.6, 1.11, 1.12, 1.18, 1.19 и 1.25 рекомендованы для дальнейших фармакологических исследований. 

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, 
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 hete rocyclic 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’(7’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.

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, 
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 (400×320×160 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 experiment included 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 
180×60×60 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] 

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

DRC = 
Ave. swimming (compound) – Ave. swimming (control)

× 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., № AXXR712D833214FAN5). 
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 
vitro 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 (λmax = 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 (Ad) was measured 
[24,25]. The optical density of 2 ml of 0.1 mM DPPH solution 
in 2 ml of methanol (ADPPH) was determined simultaneously. 
Antiradical activity (ARA) was calculated by the next formula: 
ARA % = (ADPPH-Ad)/ADPPH ×100 %. In the case of a negative 
meaning ARA in % 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-оnes (1.1-1.33).
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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 1). 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-tert-butylhexyl substituent (1.5, 1.6) 

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

№ Code R R1 n Average swimming time, sec Actoprotective action, % АRА %, (conc .1×10-3)
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-FC6H4 H 0 150 ± 29 -5.66 49.95
6 1.3 KK-45 4-MeOC6H4 H 0 180 ± 57 13.21 36.96
7 1.4 AV-368 4-FC6H4 H 1 174 ± 20* 9.43 12.85
8 1.5 AV-334 Me 4-tert-C4H9 2 187 ± 39* 17.61 29.94
9 1.6 AV-341 Ph 4-tert-C4H9 2 201 ± 42* 26.41 47.86
10 1.7 KK-50 Me H 3 137 ± 12*# -13.84 -0.36
11 1.8 KK-48 4-FC6H4 H 3 158 ± 12 -0.63 -4.75
12 1.9 KK-49 4-MeOC6H4 H 3 178 ± 39 11.95 1.63
13 1.10 KK-24 4-FC6H4 – – 183 ± 12# 15.09 -8.60
14 1.11 KK-25 4-MeOC6H4 – – 216 ± 89 35.85 2.64

*: р ≤ 0.05 in relation to the control group of rats; *#: р ≤ 0.05 in relation to group of rats received Mildronate.

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

№ Code R X R1 Average swimming time, sec Actoprotective action, % АRА %, (conc. 1×10-3)
1 Ascorbic acid – – – – – 68.21
2 Control group – – – 159 ± 30 0 –
3 Mildronate – – – 180 ± 39* 13.21 –
4 1.12 AV-729 Ph S – 197 ± 27* 23.90 1.35
5 1.13 KK-34 4-FC6H4 SO2 – 177 ± 39 11.32 4.85
6 1.14 AV-754 Ph O – 169 ± 50 6.29 -1.26
7 1.15 KK-90 Me S – 194 ± 75 22.01 8.53
8 1.16 KK-89 Ph S – 129 ± 21# -18.87 -8.53
9 1.17 KK-91 4-FC6H4 S – 142 ± 40 -10.69 -7.62
10 1.18 AV-344 Ph N-Me – 242 ± 65*# 52.20 0.97
11 1.19 AV-356 4-EtC6H4 N-Me – 210 ± 58* 32.08 1.26
12 1.20 AV-360 4-PrC6H4 N-Me – 183 ± 12# 15.09 -0.15
13 1.21 AV-357 3.4-Me2C6H3 N-Me – 190 ± 33* 19.50 2.36
14 1.22 AV-347 4-FC6H4 N-Me – 170 ± 31 6.92 1.23
15 1.23 AV-346 4-MeOC6H4 N-Me – 144 ± 33 -9.43 1.65
16 1.24 AV-359 4-EtOC6H4 N-Me – 120 ± 30# -24.53 2.52
17 1.25 AV-358 4-FC6H4 N-Me Br 256 ± 76*# 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* -3.77 42.16
20 1.28 AV-517 4-iso-PrС6Н4 – – 168 ± 30 5.66 29.13
21 1.29 AV-514 4-FC6H4 – – 172 ± 32 8.18 35.98
22 1.30 AV-515 thienil-2 – – 151 ± 23 -5.03 37.21
23 1.31 KK-59 4-FC6H4 – Br 190 ± 33*# 19.50 66.42
24 1.32 KK-60 4-MeOC6H4 – Br 188 ± 33* 18.24 66.01
25 1.33 KK-40 Ph – – 186 ± 40* 16.98 -6.17

*: р ≤ 0.05 in relation to the control group of rats; *# : р ≤ 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 1). 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 Мildronat’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 Мildronate`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]

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. A reliable 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’(7’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 substituent in 
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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