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Esters and amides of 3-R-2,8-dioxo-7,8-dihydro- 
2H-pyrrolo[1,2-a][1,2,4] triazino[2,3-c]quinazolin- 
5a(6H)-carboxylic(-propanoic) acids:  
synthesis and biological activity

It is known that carboxyl groups bonded to aryl or hetaryl moieties play a role of the “pharmacophore” frag-
ment in most NSAID molecules. It should be mentioned that the carboxyl group may cause the appearance of 
toxic effects and is characterized by unsatisfactory pharmacokinetic properties. The structural modification of the carboxyl 
group, including its bioisosteric replacement, is among the most widely used approaches in medicinal chemistry 
to improve pharmacodynamic, pharmacokinetic and technological characteristics.

Aim. To develop the synthetic procedures for functional derivatives of 3-R-2,8-dioxo-7,8-dihydro-2Н-pyrrolo[1,2-а]- 
[1,2,4]triazino[2,3-с]quinazoline-5а(6Н)-carboxylic(-propanoic) acids, study the effect of the carboxyl group 
chemical modification on the LOX-inhibiting and antiradical activity as a possible mechanism of the pharmaco-
logical activity.

Results and discussion. The synthesis of esters of 3-(2,8-dioxo-3-R1-7,8-dihydro-2H-pyrrolo[1,2-a][1,2,4]- 
triazino[2,3-c]quinazolin-5a(6H)-yl)carboxylic(propanoic) acids was conducted by esterification of the corresponding 
acids and tandem heterocyclization of 2-(6-R1-2,5-dihydro-5-оxo-1,2,4-triazino-3-yl)anilines with diethyl 4-oxo-
heptanedioate. The synthesis of amides was conducted by aminolysis of N-acylimidazolides generated in situ. 
The antiradical and LOX-inhibiting activities of the compounds obtained were studied as possible mechanisms 
of the anti-inflammatory activity. The series of the compounds revealed the LOX-inhibiting activity that was com-
parable with the effect of the reference compound – nordihydroguaiaretic acid.

Experimental part. The synthetic procedures were conducted according to the commonly used methods. 
The purity and the structure of the compounds obtained were proven by modern physicochemical methods (1H and 
13C NMR-spectroscopy, LC-MS-spectrometry). The antiradical activity was measured by the ability to scavenge 
a DPPH-radical. The study of the LOX-inhibiting activity was performed using soybean LOX as an enzyme and 
linolenic acid as a substrate. 

Conclusions. The methods for the synthesis of esters and amides of 2,8-dioxo-3-R1-7,8-dihydro-2H-
pyrrolo[1,2-a][1,2,4]triazino[2,3-c]quinazolin-5a(6H)-carboxilic(propanoic) acids have been developed. The above-
mentioned transformations were conducted by alcoholysis of generated in situ acyl halides and aminolysis of 
N-acylimidazolides, respectively. The more efficient approach for the synthesis of the target esters via condensa-
tion of 2-(6-R1-2,5-dihydro-5-oxo-1,2,4-triazino-3-yl)anilines with diethyl 4-oxoheptanedioate has been proposed. It has 
been found that the highest radical scavenging and LOX-inhibiting activities are characteristic for hetarylpropa-
noic acids that contain electron withdrawing substituents in position 3, as well as fluorine atoms in positions 11 
and 12. The chemical modification of the carboxylic group in most cases results in a decrease or the loss of the activity.

Key words: pyrrolo[1,2-а][1,2,4]triazino[2,3-с]quinazolin-5а(6Н)-carboxylic(-propanoic) acid; esters; 
amides; synthesis; radical scavenging activity; LOX-inhibiting activity
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Естери та аміди 3-R-2,8-діоксо-7,8-дигідро-2Н-піроло[1,2-а][1,2,4]триазино[2,3-с]-
хіназолін-5а(6Н)-карбонових(-пропанових) кислот: синтез та біологічна активність
Відомо, що карбоксильні групи, пов’язані з арильним або гетарильним фрагментами, відіграють роль 

«фармакофору» у молекулах більшості НПЗЗ. Слід зазначити, що карбоксильна група може спричинити 
появу токсичної дії і характеризується незадовільними фармакокінетичними властивостями. Структурна 
модифікація карбоксильної групи, включаючи її біоізостеричну заміну, є однією з найбільш широко засто-
совуваних підходів медичної хімії для вдосконалення фармакодинамічних, фармакокінетичних та техно-
логічних характеристик.

Мета. Розробити методи синтезу ряду функціональних похідних 3-R-2,8-діоксо-7,8-дигідро-2Н-піроло[1,2-а]- 
[1,2,4]триазино[2,3-с]хіназолін-5а(6Н)-карбонових(-пропанових) кислот, вивчити вплив структурної модифі-
кації карбоксильної групи на ЛОГ-інгібуючу та антирадикальну дію як одного з можливих механізмів фарма-
кологічної активності.

Результати та їх обговорення. Реакцією естерифікації 3-(2,8-діoксо-3-R1-7,8-дигідро-2H-піроло[1,2-a]- 
[1,2,4]триазино[2,3-c]хіназолін-5a(6H)-іл)пропанових кислот або тандемною гетероциклізацією 2-(6-R1-2,5-
дигідро-5-оксо-1,2,4-триазин-3-іл)анілінів з діетил-4-oксогептандіонатом синтезовано естери відповідних 
кислот. Синтез амідів проведено амінолізом активованих кислот, де як активуючу компоненту використано 
1,1’-карбонілдіімідазол. У рамках дослідження проведено вивчення ЛОГ-інгібуючої і антирадикальної дії 
як одного з можливих механізмів протизапальної активності. Виявлено ряд сполук, які проявляють ЛОГ-
інгібуючу активність на рівні фармакологічного стандарту нордигідрогваяретової кислоти.

Експериментальна частина. Синтетичні процедури були виконані згідно з загальноприйнятими під-
ходами. Чистоту і структуру сполук встановлено за допомогою сучасних фізико-хімічних методів (1H і 13C 
ЯМР-спектроскопія, ВЕРХ-МС-спектрометрія). Антирадикальну активність встановлювали за здатністю 
синтезованих сполук інгібувати DPPH-радикал. Вивчення ЛОГ-інгібуючої активності сполук було проведе-
но з використанням соєвої ліпооксигенази як ферменту і ліноленової кислоти як субстрату.
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Висновки. Розроблено методи синтезу естерів і амідів 2,8-діоксо-3-R1-7,8-дигідро-2H-піроло[1,2-a]- 
[1,2,4]триазино[2,3-c]хіназолін-5a(6H)-карбонових (пропанових) кислот. Вищезазначені перетворення про-
ведено алкоголізом утворених in situ ацилгалогенідів та амінолізом N-ацилімідазолідів. Більш ефективним 
методом синтезу естерів виявилася тандемна гетероциклізація 2-(6-R1-2,5-дигідро-5-оксо-1,2,4-триазин-
3-іл)анілінів з діетил-4-oксогептандіонатом. Встановлено, що найбільш висока ЛОГ-інгібуюча і антиради-
кальна активність характерні для гетарилпропанових кислот, які мають електроноакцепторні замісники 
у положенні 3, а також атоми флуору у положеннях 11 та 12. Модифікація карбоксильної групи відповідних 
кислот у більшості випадків призводить до зниження або втрати активності.

Kлючові слова: піроло[1,2-а][1,2,4]триазино[2,3-с]хіназолін-5а(6Н)-карбонові(-пропанові) кислоти; 
eстери; аміди; синтез; антирадикальна та ЛОГ-інгібуюча активність
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Эфиры и амиды 3-R-2,8-диоксо-7,8-дигидро-2Н-пирроло[1,2-а]- 
[1,2,4]триазино[2,3-с]хиназолин-5а(6Н)-карбоновых(-пропановых) кислот:  
синтез и биологическая активность
Известно, что карбоксильные группы, связанные с арильным или гетарильным фрагментами, игра-

ют роль «фармакофора» в молекулах большинства НПВС. Следует отметить, что карбоксильная группа 
может привести к появлению токсического действия и характеризуется неудовлетворительными фарма-
кокинетическими свойствами. Структурная модификация карбоксильной группы, включая ее биоизосте-
рическую замену, является одним из наиболее широко применяемых подходов медицинской химии для 
совершенствования фармакодинамических, фармакокинетических и технологических характеристик. 

Цель. Разработать методы синтеза ряда функциональных производных 3-R-2,8-диоксо-7,8-дигидро-
2Н-пирроло [1,2-а][1,2,4]триазино[2,3-с]хиназолин-5а(6Н)-карбоновых(-пропановых) кислот, изучить влияние 
структурной модификации карбоксильной группы на ЛОГ-ингибирующее и антирадикальное действие как 
одного из возможных механизмов фармакологической активности. 

Результаты и их обсуждение. Реакцией этерификации 3-(2,8-диoксо-3-R1-7,8-дигидро-2H-пирроло[1,2-a]- 
[1,2,4]триазино[2,3-c]хиназолин-5a(6H)-ил)пропановых кислот или тандемной гетероциклизацией 2-(6-R1-
2,5-дигидро-5-оксо-1,2,4-триазино-3-ил)анилинов с диэтил-4-oксогептандионатом синтезированы эфиры 
соответствующих кислот. Синтез амидов проведен аминолизом активированных кислот, где в качестве 
активирующей компоненты использован 1,1’-карбонилдиимидазол. В рамках исследования проведено 
изучение ЛОГ-ингибирующего и антирадикального действия как одного из возможных механизмов противо-
воспалительной активности. Выявлен ряд соединений, которые проявляют ЛОГ-ингибирующую активность 
на уровне стандарта нордигидрогваяретовой кислоты.

Экспериментальная часть. Синтетические процедуры были выполнены согласно общепринятым под-
ходам. Чистота и структура соединений установлены с помощью современных физико-химических мето-
дов (1H и 13C ЯМР-спектроскопия, ВЭЖХ-МС-спектрометрия). Антирадикальную активность устанавли-
вали путем измерения способности синтезированных соединений связывать DPPH-радикал. Изучение 
ЛОГ-ингибирующей активности веществ было проведено с использованием соевой липооксигеназы в качестве 
фермента и линоленовой кислоты в качестве субстрата.

Выводы. Разработаны методы синтеза сложных эфиров и амидов 2,8-диоксо-3-R1-7,8-дигидро-2H-
пирроло[1,2-a][1,2,4] триазино[2,3-c]хиназолин-5a(6H)-карбоновых(-пропановых) кислот. Указанные превра-
щения проведены алкоголизом образованных in situ ацилгалогенидов и аминолизом N-ацилимидазолидов. 
Более эффективным методом синтеза сложных эфиров оказалась тандемная гетероциклизация 2-(6-R1-
2,5-дигидро-5-оксо-1,2,4-триазино-3-ил)анилинов с диэтил-4-oксогептандионатом. Установлено, что наи-
более высокая ЛОГ-ингибирующая и антирадикальная активность характерны для гетарилпропановых 
кислот, которые имеют электроноакцепторные заместители в положении 3, а также атомы фтора в по-
ложениях 11 и 12. Модификация карбоксильной группы соответствующих кислот в большинстве случаев 
приводит к снижению или потере активности.

Ключевые слова: пирроло[1,2-а][1,2,4]триазино[2,3-с]хиназолин-5а(6Н)-карбоновые(-пропановые) 
кислоты; сложные эфиры; амиды; синтез; антирадикальная и ЛОГ-ингибирующая активность

It is well known that most of anti-inflammatory 
drugs used in medical practice belong to NSAIDs 
(nonsteroidal anti-inflammatory drugs). The mecha-
nism of the NSAIDs activity is associated with the cyclo-
oxygenase activity inhibition and, as a result, a de-
crease in prostaglandin production. Even currently, 
therapy by NSAIDs is often accompanied with side  
effects, including gastrointestinal bleeding and throm-
bocyte aggregation suppression [1 – 3]. The more de-
tailed study of the cyclooxygenase nature allowed to 
evaluate the existing several isoforms (COX-1 and COX-2) 
revealing mechanisms of occurrence of side effects 
during the long-term therapy of inflammatory pro-

cesses [3]. Thus, the early generation of anti-inflam-
matory agents inhibits both COX-1 and COX-2 and be-
longs to non-selective NSAIDs. These agents control 
the inflammation process, but also cause the appea- 
rance of side effects. It is known that carboxyl groups 
bonded to aryl or hetaryl moieties play a role of 
the “pharmacophore” fragment in most NSAID mole-
cules [4, 5]. It should be mentioned that the carboxyl 
group may cause the appearance of toxic effects and 
is characterized by unsatisfactory pharmacokinetic 
properties. The structural modification of the carboxyl 
group, including its bioisosteric replacement, is among 
the most widely used approaches in medicinal che- 
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mistry to improve pharmacodynamic, pharmacoki-
netic and technological characteristics [4, 5].  Imple-
mentation of this approach allowed creating highly 
selective NSAIDs. The pharmacological effects of the abo- 
vementioned group of agents are caused by specific 
inhibition of COX-2. Thus, the use of highly selective 
NSAIDs is accompanied with a lower risk of gastro-
intestinal bleeding and other unfavorable reactions. 
However, side effects of this type of medicines were 
also described [6, 7]. Thus, the search of effective and 
safe NSAIDs among novel heterocyclic derivatives using 
the up-to-date “drug design” methodology is among 
urgent problems of medicinal chemistry.

Recently, the pyrrolo[1,2-а][1,2,4]triazino[2,3-с]- 
quinazoline heterocyclic system was described as  
a promising “scaffold” for construction of novel bio-
active compounds [8]. Additionally, the concept of the pur-
poseful structural optimization of the abovementio- 
ned heterocyclic system previously developed [9] al-
lowed us to synthesize the novel 3-R-2,8-dioxo-7,8-
dihydro-2H-pyrrolo[1,2-a][1,2,4]triazino[2,3-c]- 
quinazolin-5a(6H)-carboxylic(-propanoic) acids with 
the promising anti-inflammatory activity. However, 
one of the possible approaches for the chemical mo- 
dification of the abovementioned acids, namely func-
tionalization of carboxylic group, has not been de-
scribed.

Hence, the present study aimed at the develop-
ment of the synthetic procedures towards functional 
derivatives of 3-R-2,8-dioxo-7,8-dihydro-2Н-pyrrolo- 
[1,2-а][1,2,4]triazino[2,3-с]quinazoline-5а(6Н)-
carboxylic(-propanoic) acids, as well as the study of 
the effect of the carboxyl group chemical modifica-
tion on the LOX-inhibiting and antiradical activity as 
a possible mechanism of the pharmacological activity.

Results and discussion

Previously described [8] substituted 2,8-dioxo-3- 
R1-7,8-dihydro-2H-pyrrolo[1,2-a][1,2,4]triazino- 
[2,3-c]quinazolin-5a(6H)-carboxylic(propanoic) 
acids 2 were used as substrates for the chemical mo- 
dification of the carboxyl group. It was found that 
abovementioned compounds under esterification con-
ditions (Scheme, Method A) resulted in esters 3 with 
the yields of 33 – 60 %. Tandem heterocyclization of 
2-(6-R1-2,5-dihydro-5-оxo-1,2,4-triazino-3-yl)ani-
lines 1 with diethyl 4-oxoheptanedioate in glacial ace-
tic acid (Scheme, Method B) was shown to be more 
efficient approach to obtain compounds 3 (yields of 
74 – 87 %). The synthesis of amides 4 was conducted 
by the known method [10], namely by aminolysis of 
N-acylimidazolides obtained in situ. It was found that 
the abovementioned intermediates A were syntheti-
cally available and revealed high reactivity towards 
benzyl-(aryl-)amines. The conversion of acids 2 in 
amides 4 via the method mentioned above requires 
anhydrous dioxane and refluxing for 3 – 4 hours (Scheme). 
The yields of amides 4 were in the range of 30 – 73 %. 
The attempt of the synthesis of amide 4 via the reac-
tion of esters 3 with amines was not successful.

Elemental analysis, 1H, 13C NMR and LS-MS data 
proved the structure and purity of the substances 
synthesized. 

1Н NMR-spectra of compounds 3 were characte- 
rized by the signals of ethoxy-group registered as 
the AM-system formed by doublet (3.1), doublet of 
doublets, multiplets (3.2, 3.4 – 3.6) or quintet (3.3) 
at 4.09 – 3.62 ppm (CH2-fragment) and triplets at 
1.16 – 1.04 ppm (CH3-group). Signals of the ethylene 
moiety in the ethoxycarbonylalkyl fragment of esters 
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3.1 – 3.6 were observed as series of multiplets over-
lapping on the equatorial and axial protons of the pyr-
role cycle at 2.93 – 2.58 ppm (H-7eq, 7ax, –CH2CH2COOC2H5) 
and 2.47 – 2.06 ppm (H-6eq, 6ax, –CH2CH2COOC2H5). Such 
complex splitting is probably associated with the pre- 
sence of an asymmetric carbon atom.

1H NMR-spectra of compounds 4 were characte- 
rized by the signals of amide NH-protons. The abo- 
vementioned signals were registered as triplets at 
8.09 – 6.23 ppm (4.1 – 4.5) or singlet at 9.71 – 9.49 ppm 
(4.6 – 4.10). Additionally, the signals of the methyle- 
ne group protons were observed as two-proton doub- 
lets at 4.29 – 4.09 pрm. As it was expected, in 1H NMR-
spectra of amides 4.1 – 4.3 the signals of the pyrrole 
cycle protons (7eq, 7ax, 6eq, 6ax) were observed as a wide 
high-field multiplet in the range of 3.24 – 2.64 ppm. 
In 1H NMR-spectra of amides 4.4 – 4.10 the pattern 
of the abovementioned protons signals was similar  
to the spectra of the corresponding esters 3 (two 
sequential multiplets at 2.95 – 2.70 ppm (H-7eq, 7ax) 
and 2.69 – 2.41 ppm (H-6eq, 6ax). At the same time, in 
1H NMR-spectra of compounds 4.4 – 4.10 the signals of 
the exocyclic ethylene fragment protons were shifted 
to the low field compared to esters 3. The abovemen-
tioned signals were observed as series of multiplets at 
2.38 – 2.23 ppm (–CH2CH2CONH–), and 2.18 – 2.10 ppm 
(–CH2CH2CONH–). 

In the 1H NMR-spectra of compounds 3.1 – 3.3, 
4.1 – 4.10 the signals of the benzene fragment pro-
tons were observed as the ABCD-system consisting 
of a doublet of H-13 at 8.31 – 8.22 ppm, a doublet of 
H-10 at 8.23 – 8.02 ppm, a triplet of Н-11 at 7.73 – 7.59 ppm 
and a triplet Н-12 at 7.47 – 7.31 ppm. The signals of 
proton in position 12 in most cases form multiplets 
with signals of aromatic protons of substituents in po-
sitions 3 and 5a. Introduction of one or two fluorine 
atoms to the heterocyclic fragment of compounds 
3.4 – 3.6 caused the additional splitting [11]. Besides, 
in 1H NMR-spectra of compounds 3 and 4 the signals 
were caused by the nature of substituents in positions 
3 and 5a [11]. 

The 13C NMR-spectrum of compound 3.2 additio- 
nally proved its structure. The characteristic were 
the signals of a carbon atom of position 5a, cyclic and 
exocyclic ethylene fragments. The abovementioned 
signals were registered at 31.8, 29.5, 27.7, 27.7 and 
83.5 ppm, respectively. 

The antiradical and LOX-inhibiting activities of 
the compounds obtained were studied as possible 
mechanisms of the anti-inflammatory activity [12]. 
It was found that compounds 2, 3 and 4 revealed the anti-
radical activity (ARA = 0.87 – 43.6 %) in the concentra-
tion of 10–3 M. The SAR-analysis conducted showed 
that introduction of electron-withdrawing substitu-
ents to position 3, as well as introduction of fluorine 
atoms in positions 11 and 12 increased the DPPH-
scavenging activity of hetarylpropanoic acids 2.1 – 2.6. 

All compounds exhibited lower antiradical activity 
in the concentration of 10–4 М, but the “structure – anti-
radical activity” relationship was preserved. Hetaryl-
carboxylic acids 2.7 and 2.8 were characterized by  
a moderate antiradical activity. 

Moreover, the antiradical activity of compounds 
2.1 – 2.6 correlated with their LOX-inhibiting acti- 
vity (Table). Thus, the highest LOX-inhibiting activity 
(16.7 – 31.02 %) was characteristic for compounds 
2.4 – 2.6 containing fluorine atoms in their structu- 
res [13, 14]. At the same time, acids 2.7 and 2.8 did 
not reveal the LOX-inhibiting activity.

The chemical modification of acids 2.1 – 2.6 by 
the carboxylic group esterification (compounds 3.1 – 3.6) 
resulted in decreasing of the radical scavenging 
(0.87 – 17.11 %) and the LOX-inhibiting activity 
(3.32 – 15.78 %). Thus, fluorine-containing compound 3.5 
revealed the highest LOX-inhibiting activity among 
esters 3. Compounds 4.2, 4.7 and 4.8 (Table) exhibi- 
ted the highest radical scavenging activity among ami- 

Table

The antiradical and LOX-inhibitory activity  
of the compounds synthesized

Compd.
АRА, % LOX-

inhibiting 
activity, %10–3 М 10–4 М

Ascorbic 
acid 94.80 82.36 –

NDGA – – 32.14
2.1 6.94 4.86 19.18
2.2 10.68 6.44 7.83
2.3 11.02 5.62 7.47
2.4 10.85 5.25 16.73
2.5 35.76 8.31 20.41
2.6 36.44 7.38 31.02
3.1 5.90 2.90 7.44
3.2 1.97 0.27 3.32
3.3 0.87 0.00 6.41
3.4 3.39 1.61 0.00
3.5 10.47 1.87 15.87
3.6 17.71 2.26 0.00
4.1 8.87 3.23 0.00
4.2 14.68 10.48 0.00
4.3 13.55 8.06 0.00
4.4 3.71 2.26 17.17
4.5 8.23 3.23 0.00
4.6 5.00 4.19 0.00
4.7 16.29 5.16 0.00
4.8 43.31 13.71 0.00
4.9 2.90 2.26 0.00

4.10 4.84 1.94 0.00
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des 4 obtained. It is interesting to note that the abo- 
vementioned compounds contain the 4-methoxyben-
zyl (4.2) or 4-methoxyphenyl (4.4, 4.8) fragment. 
Esters 3 and amides 4 did not reveal the LOX-inhibi- 
ting activity. 

Hence, the study conducted allowed us to detect 
the classes of effective anti-inflammatory agents, as 
well as to propose the effective approaches for con-
structing novel anti-inflammatory agents. It should 
be noted that the lipophilic, but not active esters ob- 
tained can not be considered as non-promising bio-
active agents due to the possibility of their biotrans-
formation in active metabolites.

Experimental part

Melting points were determined in open capilla- 
ry tubes in a Stuart SMP30 apparatus and were un-
corrected. The elemental analyses (C, H, N) were per-
formed using an ELEMENTAR vario EL cube ana-
lyzer. 1H NMR-spectra (400 MHz) and 13C NMR (101 MHz) 
were recorded using a Varian-Mercury 400 spectro- 
meter with TMS as an internal standard in DMSO-d6  
solution. LC-MS spectra were recorded using the chro-
matography/mass spectrometric system consisting 
of an Agilent 1100 Series high-performed liquid chro-
matograph equipped with an Agilent LC/MSD SL 
diode-matrix and mass-selective detector (atmosphe- 
ric pressure chemical ionization – APCI). The ioniza-
tion mode was a concurrent scanning of positive and 
negative ions in the mass range of 80 – 1000 m/z. 
The synthetic studies were conducted according to 
the general approach to the search of potential bio-
logically active substances using reagents of com-
panies Sigma-Aldrich (Missouri, USA) and Enamine 
(Kyiv, Ukraine). 

2-(6-R1-2,5-dihydro-5-оxo-1,2,4-triazino-3-yl)ani-
lines 1.1 – 1.6, 3-(2,8-dioxo-3-R1-7,8-dihydro-2H-pyr- 
rolo[1,2-a][1,2,4]triazino[2,3-c]quinazolin-5a(6H)-
yl)propanoic acids 2.1 – 2.6 and 2,8-dioxo-3-R1-7,8-
dihydro-2H-pyrrolo[1,2-a][1,2,4]triazino[2,3-c]-
quinazoline-5a(6H)-carboxylic acids 2.7 and 2.8 were 
synthesized according to the known methods and their 
constants corresponded to the article [8, 15]. 

The general method for the synthesis of ethyl  
3-(3-R1-2,8-dioxo-7,8-dihydro-2H-pyrrolo[1,2-a]- 
[1,2,4]triazino[2,3-c]quinazolin-5a(6H)-yl)pro-
panoates 3.1 – 3.6:

Method A. To 10 mmol of the corresponding acid 
2.1 – 2.6 in 20 mL of ethanol add 1.29 g (11 mmol) 
of thionyl chloride and 1 drop of DMF. Heat the re-
sulting mixture on a water bath for 6 h. Then cool 
the reaction mixture and pour into 5 mL of the 
saturated sodium bicarbonate solution. Filter the 
precipitate formed and dry. If it is necessary, the 
compounds obtained can be recrystallized from  
ethanol. 

Method B. To the suspension of 10 mmol of the cor-
responding anilines 1.1 – 1.6 in glacial acetic acid add 
2.30 g (10 mmol) of diethyl 4-oxoheptanedioate. 
Reflux the resulting mixture for 6 h. Evaporate the sol-
vent under vacuum, add 15 mL of methanol to the re- 
sidue formed. Filter the precipitate formed, wash by 
diethyl ether and dry. The compounds obtained can 
be purified by recrystallization from methanol.

Ethyl 3-(3-methyl-2,8-dioxo-7,8-dihydro-2H-pyr- 
rolo[1,2-a][1,2,4]triazino[2,3-c]quinazolin-5a- 
(6H)-yl)propanoate 3.1. Yield – 52.4 % (method A),  
77.0 % (method B). M. p. 137 – 139 °C. Anal. Calcd. for 
C19H20N4O4, %: C 61.95, H 5.47, N 15.21. Found, %:  
C 61.99, H 5.56, N 15.29. 1H NMR (400 MHz, DMSO-d6), 
δ, ppm: 8.26 (1H, d, J = 7.8 Hz, H-13), 8.06 (1H, d,  
J = 8.1 Hz, H-10), 7.70 (1H, t, J = 7.7 Hz, H-11), 7.41 
(1H, t, J = 7.5 Hz, H-12), 3.93 (2H, dd, J1 = 11.5 Hz, 
J2 = 6.1 Hz, –OCH2CH3), 2.96 – 2.53 (4H, m, H-7eq, 7ax,  
–CH2CH2COOC2H5), 2.43 – 2.07 (7H, m, H-6eq, 6ax, –CH2CH2– 
COOC2H5, CH3), 1.16 (3H, t, J = 7.0 Hz, –OCH2CH3). LC-MS: 
m/z = 369 [M+1].

Ethyl 3-(2,8-dioxo-3-phenyl-7,8-dihydro-2H- 
pyrrolo[1,2-a][1,2,4]triazino[2,3-c]quinazolin-5a- 
(6H)-yl)propanoate 3.2. Yield – 51.0 % (method A), 
79.3 % (method B). M. p. 230 – 232 °C. Anal. Calcd. for 
C24H22N4O4, %: C 66.97, H 5.15, N 13.02. Found, %:  
C 67.06, H 5.21, N 13.09. 1H NMR (400 MHz, DMSO-d6), 
δ, ppm: 8.30 (1H, d, J = 7.6 Hz, H-13), 8.20 (2H, d,   
J = 6.3 Hz, Ar-H-2,6), 8.08 (1H, d, J = 8.0 Hz, H-10), 7.72 
(1H, t, J = 7.3 Hz, H-11), 7.59 – 7.18 (4H, m, H-12, Ar-H-
3,4,5), 4.09 – 3.62 (2H, m, –OCH2CH3), 3.23 – 1.90 (8H, 
m, H-7eq, 7ax, 6eq, 6ax, –CH2CH2COOC2H5), 1.04 (3H, t,  
J = 7.1 Hz, –OCH2CH3). 13C NMR (101 MHz, DMSO-d6) 
δ, ppm: 13.7, 27.7, 27.7, 29.5, 31.8, 60.2, 83.5, 118.6, 
121.4, 125.8, 127.2, 128.0, 128.6, 130.4, 132.3, 134.1, 
134.3, 146.8, 150.8, 160.8, 171.5, 172.3. LC-MS: m/z = 431 
[M+1].

Ethyl 3-(3-(4-isopropylphenyl)-2,8-dioxo-7,8- 
dihydro-2H-pyrrolo[1,2-a][1,2,4]triazino[2,3-c]- 
quinazolin-5a(6H)-yl)propanoate 3.3. Yield – 54.0 % 
(method A), 82.3 % (method B). M. p. 214 – 216 °C. 
Anal. Calcd. for C27H28N4O4, %: C 68.63, H 5.97, N 11.86. 
Found, %: C 68.72, H 6.05, N, 11.92. 1H NMR (400 MHz, 
DMSO-d6), δ, ppm: 8.31 (1H, d, J = 7.8 Hz, H-13), 8.14 
(2H, d, J = 8.0 Hz, 3-Ar-H-2,6), 8.09 (1H, d, J = 8.2 Hz, 
H-10), 7.73 (1H, t, J = 7.8 Hz, H-11), 7.44 (1H, t, J = 7.6 Hz, 
H-12), 7.30 (2H, d, J = 8.0 Hz, 3-Ar-H-3,5), 3.85 (2H, 
q, J = 7.0 Hz, –OCH2CH3), 2.93 – 2.58 (5H, m, H-7eq, 7ax, 
–CH2CH2COOC2H5, –CH(CH3)2, ), 2.47 – 2.06 (4H, m,  
H-6eq, 6ax, –CH2CH2COOC2H5), 1.30 (6H, d, J = 6.9 Hz,  
–CH(CH3)2), 1.05 (3H, t, J = 7.1 Hz, –OCH2CH3). LC-MS: 
m/z = 473 [M+1].

Ethyl 3-(12-fluoro-2,8-dioxo-3-phenyl-7,8-di- 
hydro-2H-pyrrolo[1,2-a][1,2,4]triazino[2,3-c]- 
quinazolin-5a(6H)-yl)propanoate 3.4. Yield – 60.0 % 
(method A), 73.6 % (method B). M. p. 184 – 186 °C. 
Anal. Calcd. for C24H21FN4O4, %: C 64.28, H 4.72, N 12.49.  
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Found, %: C 64.34, H 4.81, N, 12.54. 1H NMR (400 MHz, 
DMSO-d6), δ, ppm: 8.21 (2H, d, J = 6.6 Hz, Ph-H-2,6), 
8.10 (1H, m, H-13), 7.98 (1H, m, H-10), 7.60 – 7.43 (4H, 
m, H-11, Ar-H-3,4,5), 4.01 – 3.66 (2H, m, –OCH2CH3), 
3.18 – 2.56 (4H, m, H-7eq, 7ax, –CH2CH2COOC2H5), 2.44 – 2.11 
(4H, m, H-6eq, 6ax, –CH2CH2COOC2H5), 1.06 (3H, t,  
J = 7.1 Hz, –OCH2CH3). LC-MS: m/z = 450 [M+1]. 

Ethyl 3-(11,12-difluoro-2,8-dioxo-3-phenyl-7,8- 
dihydro-2H-pyrrolo[1,2-a] [1,2,4]triazino[2,3-c]- 
quinazolin-5a(6H)-yl)propanoate 3.5. Yield – 33.0 % 
(method A), 87.0 % (method B). M. p. 299 – 301 °C. 
Anal. Calcd. for C24H19F2N4O4, %: C 61.80, H 4.32, N 12.01. 
Found, %: C 61.89, H 4.41, N 12.11. 1H NMR (400 MHz, 
DMSO-d6), δ, ppm: 8.30 (2H, dd, J1 = 7.8 Hz, J2 = 6.0 Hz, 
Ar-H-2,6), 8.14 (1H, t, J = 9.4 Hz, H-13), 8.03 (1H, dd, 
J1 = 11.2 Hz, J2 = 7.1 Hz, H-10), 7.19 (2H, t, J = 8.6 Hz, 
Ar-H-3,5), 3.95 – 3.78 (2H, m, –OCH2CH3), 2.96 – 2.57 
(4H, m, H-7eq, 7ax, –CH2CH2COOC2H5), 2.46 – 2.08 (4H,  
m, H-6eq, 6ax, –CH2CH2COOC2H5), 1.07 (3H, t, J = 7.1 Hz,  
–OCH2CH3). LC-MS: m/z = 467 [M+1]. 

Ethyl 3-(11,12-difluoro-3-(4-fluorophenyl)-2,8-
dioxo-7,8-dihydro-2H-pyrrolo[1,2-a][1,2,4]triazino- 
[2,3-c]quinazolin-5a(6H)-yl)propanoate 3.6. Yield – 
35.0 % (method A), 74.3 % (method B). M. p. 175 – 177 °C. 
Anal. Calcd. for C24H19F3N4O4, %: C 59.51, H 3.95, N 11.57. 
Found, %: C 59.47, H 3.88, N 11.50. 1H NMR (400 MHz, 
DMSO-d6), δ, ppm: 8.30 (2H, dd, J1 = 7.8 Hz, J2 = 6.0 Hz, 
Ar-H-2, 6), 8.14 (1H, t, J = 9.4 Hz, H-13), 8.03 (1H, dd, 
J1 = 11.2 Hz, J2 = 7.1 Hz, H-10), 7.19 (2H, t, J = 8.6 Hz, 
Ar-H-3,5), 3.95 – 3.78 (2H, m, –OCH2CH3), 2.96 – 2.57 
(4H, m, H-7eq, 7ax, –CH2CH2COOC2H5), 2.46 – 2.08 (4H,  
m, H-6eq, 6ax, –CH2CH2COOC2H5), 1.07 (3H, t, J = 7.1 Hz,  
–OCH2CH3). LC-MS: m/z = 485 [M+1]. 

The general method for the synthesis of N-R3- 
3-R1-2,8-dioxo-7,8-dihydro-2H-pyrrolo[1,2-a][1,2,4]-  
triazino[2,3-c]quinazoline-5a(6H)-yl-carbox-
amides 4.1 – 4.2 and N-R3-3-(3-R1-2,8-dioxo-7,8- 
dihydro-2H-pyrrolo[1,2-a][1,2,4]triazino-[2,3-c]- 
quinazoline-5a(6H)-yl)propanamides 4.3 – 4.10.  
To the suspension of 10 mmol of the corresponding 
acid 2.7 – 2.8, 2.1, 2.2 in 20 mL of anhydrous dioxane 
add 1.78 g (11 mmol) of 1,1’-carbonyldiimidazole (CDI). 
Heat the resulting mixture at 80 °C for 1 h (until the comp- 
lete evolution of carbon dioxide). Then add 10 mmol 
of the corresponding amine and heat the mixture ob-
tained for 3 – 4 h. Cool the reaction mixture and pour 
into water. Filter the precipitate formed and dry. The com-
pounds obtained can be purified by recrystallization 
from dioxane.

N-(4-Fluorobenzyl)-2,8-dioxo-3-phenyl-7,8- 
dihydro-2H-pyrrolo[1,2-a][1,2,4]triazino[2,3-c] - 
quinazoline-5a(6H)-carboxamide 4.1. Yield – 30.0 %. 
M. p. 212 – 215 °C. Anal. Calcd. for C27H20FN5O3, %:  
C 67.35, H 4.19, N 14.55. Found, %: C 67.41, H 4.24, 
N 14.61. 1H NMR (400 MHz, DMSO-d6), δ, ppm: 8.28 
(1H, d, J = 7.8 Hz, H-13), 8.23 (1H, d, J = 8.2 Hz, H-10), 
8.18 (2H, d, J = 6.0 Hz, Ar-H-2,6), 7.70 (1H, t, J = 7.9 Hz, 

H-11), 7.47 – 7.37 (4H, m, H-12, Ar-H-3,4,5), 7.23 (2H, 
dd, J1 = 8.3 Hz, J2 = 5.4 Hz, 5a-Bn-H-2,6), 6.97 (2H, t,  
J = 8.5 Hz, 5a-Bn-H-3,5), 6.23 (1H, t, J = 6.0 Hz,   
–NHCH2–), 4.18 (2H, d, J = 5.8 Hz, –NHCH2–), 3.24 – 2.64 
(4H, m, H-7eq, 7ax, 6eq, 6ax). LC-MS: m/z = 482 [M+1]. 

N-(4-Methoxybenzyl)-2,8-dioxo-3-phenyl-7,8-  
dihydro-2H-pyrrolo[1,2-a][1,2,4]triazino[2,3-c] - 
quinazoline-5a(6H)-carboxamide 4.2. Yield – 56.2 %. 
M. p. 228 – 231 °C. Anal. Calcd. for C28H23N5O4, %: C 68.14, 
H 4.70, N 14.19. Found, %: C 68.17, H 4.75, N 14.15. 
1H NMR (400 MHz, DMSO-d6), δ, ppm: 8.29 – 8.21 
(2H, m, H-10,13), 8.18 (2H, d, J = 7.3 Hz, Ar-H-2,6), 
7.68 (1H, t, J = 7.8 Hz, H-11), 7.49 – 7.34 (4H, m, H-12, 
Ar-H-3,4,5), 7.21 (2H, d, J = 8.2 Hz, 5a-Bn-H-2,6), 
7.12 (2H, d, J = 8.2 Hz, 5a-Bn-H-3,5), 6.77 (1H, t,   
J = 4.5 Hz, –NHCH2–), 4.12 (2H, d, J = 4.5 Hz, –NHCH2–), 
3.73 (3H, s, –OCH3), 3.17 – 2.60 (4H, m, H-7eq, 7ax,  
H-6eq, 6ax). LC-MS: m/z = 494 [M+1].

2,8-Dioxo-3-phenyl-N-(4-(trifluoromethyl)- 
benzyl)-7,8-dihydro-2H-pyrrolo[1,2-a][1,2,4]- 
triazino[2,3-c]quinazoline-5a(6H)-carboxamide 
4.3. Yield – 55.4 %. M. p. 171 – 174 °C. Anal. Calcd. for 
C28H20F3N5O3, %: C 63.28, H 3.79, N 13.18. Found, %:  
C 63.33, H 3.87, N 13.25. 1H NMR (400 MHz, DMSO-d6), 
δ, ppm: 8.26 (2H, d, J = 8.0 Hz, Ar-H-2,6), 8.23 – 8.08 
(2H, m, H-10,13), 7.67 (1H, t, J = 7.8 Hz, H-11), 7.54 
(2H, d, J = 7.8 Hz, 5a-Bn-H-3,5), 7.47 – 7.30 (6H, m, 
H-12, Ar-H-3,4,5, 5a-Bn-H-2,6), 6.47 (1H, t, J = 5.2 Hz, 
–NHCH2), 4.29 (2H, d, J = 5.4 Hz, –NHCH2–), 3.14 – 2.60 
(4H, m, H-7eq, 7ax, H-6eq, 6ax). LC-MS: m/z = 532 [M+1]. 

3-(3-Methyl-2,8-dioxo-7,8-dihydro-2H-pyr- 
rolo[1,2-a][1,2,4]triazino[2,3-c]quinazolin-
5a(6H)-yl)-N-(4-(trifluoromethyl)benzyl)pro- 
panamide 4.4. Yield – 75.3 %. M. p. 144 – 147 °C. Anal. 
Calcd. for C25H22F3N5O3, %: C 60.36, H 4.46, N 14.08. 
Found, %: C 60.42, H 4.54, N 14.18. 1H NMR (400 MHz,  
DMSO-d6), δ, ppm: 8.22 (1H, d, J = 7.4 Hz, H-13), 8.03 
(1H, d, J = 8.2 Hz, H-10), 7.66 (1H, t, J = 7.7 Hz, H-11), 
7.56 – 7.49 (2H, m, 5a-Bn-H-3,5), 7.39 – 7.24 (3H, m, 
H-12, 5a-Bn-H-3,5), 6.87 (1H, br s, –NHCH2–), 4.23 (2H, 
d, J = 4.6 Hz, –NHCH2–), 2.95 – 2.72 (2H, m, H-7eq, 7ax), 
2.67 – 2.41 (2H, m, H-6eq, 6ax), 2.22 (3H, s, CH3), 2.20 – 2.01 
(4H, m, –CH2CH2CONH–). LC-MS: m/z = 498 [M+1]. 

N-(4-Fluorobenzyl)-3-(3-methyl-2,8-dioxo-7,8- 
dihydro-2H-pyrrolo[1,2-a][1,2,4]triazino[2,3-c]- 
quinazolin-5a(6H)-yl)propanamide 4.5. Yield – 68 %. 
M. p. 200 – 203 °C. Anal. Calcd. for C24H22FN5O3, %:  
C 64.42, H 4.96, N 15.65. Found, %: C 64.45, H 4.91, 
N 15.68. 1H NMR (400 MHz, DMSO-d6), δ, ppm: 8.22 
(1H, d, J = 7.8 Hz, H-13), 8.09 (1H, t, J = 5.6 Hz, –NHCH2–), 
8.03 (1H, d, J = 8.0, H-10), 7.66 (1H, t, J = 7.5 Hz, H-11), 
7.37 (1H, t, J = 7.6 Hz, Н-12), 7.17 (2H, dd, J1 = 8.1 Hz, 
J2 = 5.7 Hz, 5a-Bn-H-2,6), 6.95 (2H, t, J = 8.7 Hz, 5a-Bn- 
H-3,5), 4.09 (2H, d, J = 4.4 Hz, –NHCH2–), 2.91 – 2.70  
(2H, m, H-7eq, 7ax), 2.68 – 2.49 (2H, m, H-6eq, 6ax), 2.38 – 2.23  
(2H, m, –CH2CH2CONH–), 2.22 (3H, s, CH3), 2.18 – 2.00 
(2H, m, –CH2CH2CONH–). LC-MS: m/z = 448 [M+1]. 
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3-(3-Methyl-2,8-dioxo-7,8-dihydro-2H-pyr- 
rolo[1,2-a][1,2,4]triazino[2,3-c]quinazolin- 
5a(6H)-yl)-N-phenylpropanamide 4.6. Yield – 68.0 %. 
M. p. 264 – 267 °C. Anal. Calcd. for C23H21N5O3, %: C 66.49, 
H 5.10, N 16.86. Found, %: C 66.56, H 5.17, N 16.94. 
1H NMR (400 MHz, DMSO-d6), δ, ppm: 9.63 (1H, s,  
–NH–), 8.24 (1H, dd, J1 = 8.0 Hz, J2 = 1.6 Hz, H-13), 8.03 
(1H, d, J = 8.2 Hz, H-10), 7.70 – 7.59 (1H, m, H-11), 
7.39 (3H, m, H-12, 5a-Ph-H-2,6), 7.16 (2H, t, J = 7.7 Hz, 
5a-Ph-H-3,5), 6.92 (1H, t, J = 7.4 Hz, 5a-Ph-H-4), 2.95 – 2.76 
(2H, m, H-7eq, 7ax), 2.69 – 2.52 (2H, m, H-6eq, 6ax), 2.46  
(3H, s, CH3), 2.38 – 2.05 (4H, m, –CH2CH2CONH–). LC-MS: 
m/z = 416 [M+1]. 

N-(4-Methoxyphenyl)-3-(3-methyl-2,8-dioxo- 
7,8-dihydro-2H-pyrrolo[1,2-a][1,2,4]triazino- 
[2,3-c]quinazolin-5a(6H)-yl)propanamide 4.7. Yield – 
67.7 %. M. p. 242 – 245 °C. Anal. Calcd. for C24H23N5O4, 
%: C 64.71, H 5.20, N 15.72. Found, %: C 64.78, H 5.29, 
N 15.81. 1H NMR (400 MHz, DMSO-d6), δ, ppm: 9.49 
(1H, s, –NH–), 8.28 – 8.20 (1H, m, H-13), 8.03 (1H, d, 
J = 8.2 Hz, H-10), 7.64 (1H, t, J = 7.5 Hz, H-11), 7.37 
(1H, t, J = 7.7 Hz, H-12), 7.30 (2H, d, J = 8.9 Hz, 5a-
Ar-H-2,6), 6.74 – 6.66 (2H, d, J = 8.9 Hz, 5a-Ar-H-3,5), 
3.69 (3H, s, –OCH3), 2.95 – 2.76 (2H, m, H-7eq, 7ax), 
2.69 – 2.48 (2H, m, H-6eq, 6ax), 2.35 – 2.20 (2H, m, –CH2– 
CH2CONH–), 2.17 (3H, s, 3-CH3), 2.14 – 1.97 (2H, m, 
–CH2CH2CONH–). LC-MS: m/z = 446 [M+1]. 

3-(2,8-Dioxo-3-phenyl-7,8-dihydro-2H-pyr- 
rolo[1,2-a][1,2,4]triazino[2,3-c]quinazolin-5a- 
(6H)-yl)-N-(4-methoxyphenyl)propanamide 4.8. 
Yield – 66.1 %. M. p. 210 – 213 °C. Anal. Calcd. for 
C29H25N5O4, %: C 68.63, H 4.97, N 13.80. Found, %:  
 C 68.67, H 4.95, N 13.83. 1H NMR (400 MHz, DMSO-d6),  
δ, ppm: 9.50 (1H, s, –NH–), 8.27 (1H, d, J = 8.3 Hz, 
H-13), 8.19 – 8.09 (2H, m, Ar-H-2,6), 8.06 (1H, d, J = 8.0 Hz,  
H-10), 7.67 (1H, t, J = 8.0 Hz, H-11), 7.48 – 7.32 (4H, m, 
H-12, Ar-H-3,4,5), 7.26 (2H, d, J = 9.0 Hz, 5a-Ar-H-2,6),  
6.68 (2H, d, J = 9.0 Hz, 5a-Ar-H-3,5), 3.68 (3H, s, –OCH3), 
3.13 – 1.86 (8H, m, H-7eq, 7ax, 6eq, 6ax, –CH2CH2CONH–). 
LC-MS: m/z = 508 [M+1]. 

N-(4-Fluorophenyl)-3-(3-methyl-2,8-dioxo- 
7,8-dihydro-2H-pyrrolo[1,2-a][1,2,4]triazino- 
[2,3-c]quinazolin-5a(6H)-yl)propanamide 4.9. Yield – 
67.7 %. M. p. 265 – 268 °C. Anal. Calcd. for C23H20FN5O3, %: 
C 63.73, H 4.65, N 16.16. Found, %: C 63.79, H 4.72, 
N 16.24. 1H NMR (400 MHz, DMSO-d6), δ, ppm: 9.71 
(1H, s,  – NH – ), 8.24 (1H, d, J = 7.6 Hz, H-13), 8.02 (1H, 
d, J = 8.1 Hz, H-10), 7.64 (1H, t, J = 7.7 Hz, H-11), 7.42 
(2H, dd, J1 = 8.8 Hz, J2 = 5.0 Hz, 5a-Ar-H-2,6), 7.36 
(1H, t, J = 7.6 Hz, H-12), 6.91 (2H, t, J = 8.7 Hz, 5a-Ar- 
H-3,5), 2.95 – 2.73 (2H, m, H-7eq, 7ax), 2.69 – 2.50 (2H, 
m,  H-6eq, 6ax), 2.37 – 2.19 (2H, m, –CH2CH2CONH–), 2.16 
(3H, s, CH3), 2.10 (2H, m, –CH2CH2CONH–). LC-MS: 
m/z = 434 [M+1]. 

3-(2,8-Dioxo-3-phenyl-7,8-dihydro-2H-pyrrolo- 
[1,2-a][1,2,4]triazino[2,3-c]quinazolin-5a(6H)-yl)-
N-(4-fluorophenyl)propanamide 4.10. Yield – 77.3 %.  

M. p. 270 – 273 °C. Anal. Calcd. for C28H22FN5O3, %:  
C 67.87, H 4.48, N 14.13. Found, %: C 67.94, H 4.51, 
N 14.19. 1H NMR (400 MHz, DMSO-d6), δ, ppm: 9.69 
(1H, s, NH), 8.29 (1H, d, J = 7.9 Hz, H-13), 8.13 (2H, d, 
J = 6.9 Hz, 3-Ar-H-2,6), 8.05 (1H, d, J = 8.2 Hz, H-10), 
7.67 (1H, t, J = 7.4 Hz, H-11), 7.47 – 7.21 (6H, m, 3-Ar-
H-3,4,5, H-12, 5a-Ar-H-2,6), 6.87 (2H, t, J = 8.7 Hz, 
5a-Ar-H-3,5), 3.18 – 2.03 (8H, m, H-7eq, 7ax, 6eq, 6ax,  
–CH2CH2CONH–). LC-MS: m/z = 496 [M+1]. 

Antiradical activity. The in vitro research of 
the antiradical activity was based on the interaction 
of the compounds synthesized with 2,2-diphenyl-1- 
picrylhydrazyl (DPPH) [16]. DPPH is a stable free ra- 
dical, and its alcohol solutions are colored in an in-
tense purple color (λmax = 517 nm). DPPH interacts with 
compounds that are able to bind free radicals yielding 
the products, which are yellow colored, and does not 
absorb the light at the wavelength specified above. 

Research methodology. Dissolve the compounds 
in DMSO to obtain 1 mM solution. Mix 2 mL of this 
solution with 2 mL of 0.1 mM DPPH methanol solu-
tion and incubate for 30 min at 25 °C. Then measure 
the absorbance (Ad) [17]. Simultaneously determine 
the absorbance of 2 mL of 0.1 mM DPPH solution in 
2 mM of methanol (ADPPH). Calculate the antiradical 
activity (ARA) by the following formula: ARA, % = 
(ADPPH – Ad)×100 %/ADPPH. In the case of a negative mea- 
ning ARA in % is estimated as 0. 

Weighing of reagents and the compounds synthe-
sized were conducted on ANG200C electronic scales 
(Axis, Gdansk, Poland), and the absorbance was mea-
sured by a ULAB 108UV spectrophotometer (Ulab, 
Shanghai, China).

The in vitro study of soybean LOX inhibition. 
The in vitro study was evaluated as it was reported 
previously [18, 19]. To 3.88 mL of borate buffer add 
40 µL of 2·10–5 w/v solution of LOX in buffer and 
40 µL of 100 µM of the compound solution studied 
(or nordihydroguaiaretic acid (NDGA)). Shake the re-
sulting mixture and incubate at ambient temperature 
for 5 min. After incubation add 40 µL of 0.01 M so-
lution of sodium linolenate. The intensity of absor-
bance at 234 nm is recovered after 20 min of the in- 
cubation at ambient temperature. Calculate the re-
sults by the formula: LOX inhibiting activity, % = 
(Аcontrol – Аtest compound)×100 %/Аcontrol.
Conclusions

The methods for the synthesis of esters and ami- 
des of 2,8-dioxo-3-R1-7,8-dihydro-2H-pyrrolo[1,2-a]- 
[1,2,4]triazino[2,3-c]quinazolin-5a(6H)-carboxilic 
(propanoic) acids have been developed. The above-
mentioned transformations were conducted by alco-
holysis of generated in situ acyl halides and amino- 
lysis of N-acylimidazolides. The more efficient alter-
native approach for the synthesis of the target esters 
via condensation of 2-(6-R1-2,5-dihydro-5-oxo-1,2,4- 
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triazino-3-yl)anilines with diethyl 4-oxoheptanedioate 
has been proposed. It has been found that the highest 
radical scavenging and LOX-inhibiting activities are 
characteristic for hetarylpropanoic acids that contain 
electron withdrawing substituents in position 3, as well 

as fluorine atoms in positions 11 and 12. The chemical 
modification of the carboxylic group in most cases re-
sults in a decrease or the loss of the activity. 
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