YK 615.272.4:547.873

https://doi.org/10.33250.13.05.344

Y. N. Novodvorskyi!, O. Y. Bahlai?,
I. V. Komarov!, A. M. Demchenko??3

Synthesis and antioxidant activity of derivatives
of 8H-[1,2,4]triazolo[4,3-B][1,2,4]triazin-7-ones

"Taras Shevchenko National University of Kyiv
2Institute of Pharmacology and Toxicology of National Academy of Medical Sciences, Kyiv
SNizhyn Mykola Gogol State University

Key words: antioxidant activity, ascorbic
acid, ionol, derivatives of 8H-[1,2,4]
triazolo[4,3-b][1,2,4]triazin-7-ones

Many severe diseases, such as athero-
sclerosis, hypertension, Alzheimer’s dis-
ease, diabetes, infertility etc are con-
nected with an oxidative stress develop-
ment and formation of reactive forms of
oxygen in excess amounts, which include
free radicals and peroxides. Formation of
such substrates result in damage of
many cell components, such as lipids,
DNA and proteins [1].

As a means of pathogenetic therapy of
such diseases are frequently used an
antioxidants. Despite rather large quan-
tity of medicines with antioxidant prop-
erties, search of new compounds, which
would meet safety and efficiency require-
ments is still relevant.

Previously it has been shown [2] that
three derivatives of 8-(4!-hydroxy-3R-
benzylidenamino)-6-tert-butyl-
8H-[1,2,4]triazolo[4,3-8][1,2,4]triazine-
7-ones exhibit high antioxidant proper-
ties. As the comparison compounds
well-known antioxidants ionol and
ascorbic acid were selected [3,4].

The aim of the study — to synthesize
new derivatives of 8-(4!-hydroxy-3R-
benzylidenamino)-6-tert-butyl-8H-[1,2,4]
triazolo[4,3-b][1,2,4]triazine-7-ones and
to evaluate their antioxidant properties
in screening test in vitro as compared
with ionol and ascorbic acid.

Materials and methods. Test com-
pounds were synthesized in Taras
Shevchenko National University of Kyiv
(Figure). Antioxidant activity was stud-
ied in department of medical chemistry
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of SI «Institute of Pharmacology and
Toxicology NAMS of Ukraine».
4-Amino-6-tert-butyl-3-methylthio-
4H-[1,2,4]triazinine-5-one 1 was obtained
by alkylating 4-Amino-6-tert-butyl-3-
thio-4H-[1,2,4]triazinine-5-one  with
iodomethane in alkaline conditions using
the method [5]. 4-Amino-6-tert-butyl-
3-hydrazino-4H-[1,2,4]triazinine-5-one 2
was obtained by boiling of 3-methylthio-
derivative 1 with excess of hydrazinhy-
drate in propanol-2 by method [6].
8-amino-6-tert-butyl-8H-[1,2,4]tria-
zolo[4,3-8][1,2,4]triazine-7-ou 3 was
obtained by boiling of compound 2 with
orthoformic ether in ethanol. Substitut-
ed 8-benzylidenamino-derivatives 5—10
were synthesized by standard Schiff
method of alkali obtainment [7].
'H-NMR spectra were recorded on the
Bruker VXR-360 (Germany), the working
frequency of 360.191 MHz, in DMSO-d6
using tetramethyl silane (TMS) as an inter-
nal standard. Chemical shifts are reported
in ppm units with use of the & scale.
Purity control of novel compounds was
conducted by thin-layer chromatography
in the system chloroform — methanol 9:1.
Synthesis of 8-amino-6-tert-butyl-8H-
[1,2,4]triazolo[4,3-b][1,2,4]triazin-7-one
4. To solution of 7.93 g (0.04 M) 4-amino-
6-tert-butyl-3-hydrazino-4H-[1,2,4]tri-
azin-5-one 3 in 100 ml ethanole 5.93 g
(0.04 M) diethoxymethoxyethane and 2
drops of acetic acid were added. The reac-
tion mixture was refluxed for 8 hour.
After cooling the solid 4 was filtered,
washed with ethanole, then dried on air.
Yield 5.24 g (63 %). M.p. = 190-191 C.
Anal. Cale. for C;H;,N.O. %: N 40.3.
Found, %: N 40.0. '"H NMR (360 MHz,
DMSO0-d6), 6 (ppm): Found, %: N 40.0.
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Figure. Scheme of synthesis of 8-(4!-hydroxy-3R-benzylidenamino )-6-tert-butyl-8H-[1,2,4]
triazolo[4,3-b][1,2,4]triazin-7-ones (5—10)

Where 8: a) R=H; b) R=4-CH,; ¢) R= 4.F; d) R= 4Cl; ¢) R= 4-Br; f) R= 4NMe,;

g) R= 4COOMe; h) R= 2CL; i) R=2-OH; j) R= 2-0CH; k) R= 3-OH; 1) R= 2-0H, 3-0CH,;
m) R= 40OH, 30CH3; n) 3-OH, 4OCH3; 0) 40OH, 3-OC,H..

9: p) R=H; q) R=CHS3; r) CH,Ph; s) CH,C,H Cl(para); t) CH,CONPh(CH(CH,),).

C.H,,N,O. Calc., %: N 40.3. NMR 'H (5,
ppm, DMSO-d6): 1.42 (s, 3H, C(CH,)),
6.56 (s, 2H, NH,), 8.82 (s, 1H, 3-CH).
Synthesis of 6-tert-butyl-8-[ (furan-2-
ylmethylene )-amino]-8H-[1,2,4]
triazolo[4,3-b][1,2,4]triazin-7-one 5. To
solution of 2.08 g (0.01 M) 8-amino-6-
tert-butyl-8H-[1,2,4]triazolo[4,3-b]
[1,2,4]triazin-7-one 4 in 50 ml ethanol
0.96 g (0.01 M) furan-2 carbaldehyde
was added. The reaction mixture was
refluxed for 3 hour and evaporated to
volume 15 ml. After cooling the solid 5
was filtered, recrystallized from propa-
nole-2. Yield 1.46 g (561 %). M.p.
216-217 °C. Anal. Calc. for C ;H, ,N.O,.
%: N 29.3. Found, %: N 29.5. 'H NMR
(360 MHz, DMSO-d6), 6 (ppm): 1.41 (s,
9H, C(CH,),), 6.77-8.03 (m, 3H, C,H,S),
9.05 (s, 1H, CH), 9.27 (s, 1H, CH).

Synthesis of 6-tert-butyl-8-[ (thiophen-
2-ylmethylene)-amino ]-8H-[1,2,4]
triazolo[4,3-b][1,2,4]triazin-7-one 6 was
obtained as compound 5 from 2.08 r
(0.01 M) 8-amino-6-tert-butyl-8H-[1,2,4]
triazolo[4,3-b][1,2,4]triazin-7-one 4 and
1.12 g (0.01 M) of thiophene-2 carbalde-
hyde. Yield 1.72 g (57 %). M.p. = 217—
218 °C. Anal. Calc. for C,;H, ,N:O,. %:
N 29.3. Found, %: N 29.5. 'H NMR
(500 MHz, DMSO-d6), & (ppm): 1.40 (s,
9H, C(CH,),), 7.29 (t, 1H, C,H,S), 7.88
(d, 8H, C,H,S), 7.99 (d, 8H, C,H.S), 9.18
(s, 1H, CH), 9.54 (s, 1H, CH).

Synthesis of 6-tert-butyl-8-[ (2-hydro-
xynaphthalen-1-ylmethylene )-amino J-
8H-[1,2,4 Jtriazolo[4,3-b][1,2,4 ]triazin-
7-one 7 was obtained as compound 5
from 2.08 g (0.01 M) 8-amino-6-tert-
butyl-8H-[1,2,4]triazolo[4,3-b][1,2,4]
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triazin-7-one 4 and 1.72 g (0.01 M) of
2-hydroxynaphtalene-1 carbaldehyde.
Yield 2.35 g (656%). M.p. = 240—-241 °C.
Anal. Calc. for C,(H,;N,O,. %: N 23.2.
Found, %: N 23.4. 'H NMR (360 MHz,
DMSO0-d6), 6 (ppm): 1.50 (s, 9H, C(CH,),),
7.25 (d, 1H, C, H,), 7.40 (t, 1H, C, H,),
7.63 (t, 1H, C, H,), 7.83 (d, 1H, C, H,),
7.96 (d,1H, C, H,), 8.41 (d, 1H, C, H,),
8.89 (s, 1H, CH), 10.7 (s, 1H, CH), 12.1
(s, 1H, OH).

Synthesis of 6-tert-butyl-8-(benzylide-
neamino )-8H-[1,2,4]triazolo[4,3-b]
[1,2,4]triazin-7-one 8 a was obtained as
compound 5 from 2.08 r (0.01 M) 8-ami-
no-6-tert-butyl-8H-[1,2,4]triazolo[4,3-b]
[1,2,4]triazin-7-one 4 and 1.06 g (0.01 M)
of benzaldehyde. Yield 1.81 g (61 %).
M.p. = 217-218 °C. Anal. Calc. for
C,;H(NO. %: N 28.4. Found, %:
N 28.2. 'TH NMR (360 MHz, DMSO-d6),
3 (ppm): 1.47 (s, 9H, C(CH,),), 7.52—-8.00
(m, 5H, CsH,), 8.80 (s, 1H, CH), 9.49 (s,
1H, CH).

Synthesis of 6-tert-butyl-8-[ (4!-methyl-
benzylidene )-amino J-8H-[1,2,4] triazo-
lo[4,3-b][1,2,4]triazin-7-one 8 b was
obtained as compound 5 from 2.08 g
(0.01 M) 8-amino-6-tert-butyl-8H-[1,2,4]
triazolo[4,3-b][1,2,4]triazin-7-one 4 and
1.20 g (0.01 M) of 4-methylbenzalde-
hyde. Yield 1.95 g (63 %). M.p. = 256—
257 °C. Anal. Calc. for C,;H,;N,O. %: N
27.1. Found, %: N 26.8. 'TH NMR (360
MHz, DMSO0-d6), & (ppm): 1.47 (s, 9H,
C(CH,),), 2.47 (S, 3H, CH;), 7.31 and
7.89 (d-d, 4H, C;H,, J=8.0 Hz), 8.62 (s,
1H, CH), 9.46 (s, 1H, CH).

Synthesis of 6-tert-butyl-8-[ (4!-fluoro-
benzylidene)-amino ]-8H-[1,2,4 Jtria-
zolo[4,3-b][1,2,4 ]triazin-7-one 8 c¢ was
obtained as compound 5 from 2.08 g
(0.01 M) 8-amino-6-tert-butyl-8H-[1,2,4]
triazolo[4,3-b][1,2,4]triazin-7-one 4 and
1.24 g (0.01 M) of 4-fluorobenzaldehyde.
Yield 2.04 g (65 %). M.p. = 205-207 C.
Anal. Calc. for C,;H,.FN:O. %: N 26.7.
Found, %: N 26.4. 'TH NMR (360 MHz,
DMSO0-d6), 6 (ppm): 1.47 (s, 9H, C(CH,),),
7.21-8.09 (m, 4H, C;H,), 8.64 (s, 1H,
CH), 9.56 (s, 1H, CH).

Synthesis of 6-tert-butyl-8-[ (4!-chloro-
benzylidene )-amino]-8H-[1,2,4]tria-
zolo[4,3-b][1,2,4 Jtriazin-7-one 8 d was
obtained as compound 5 from 2.08 g

(0.01 M) 8-amino-6-tert-butyl-8H-[1,2,4]
triazolo[4,3-b][1,2,4]triazin-7-one 4 and
1.41 g (0.01 M) of 4-chlorobenzaldehyde.
Yield 2.22 g (67 %). M.p. = 255—-256 °C.
Anal. Calc. for C,H,,CIN,O. %: N 25.4.
Found, %: N 25.7. 'TH NMR (360 MHz,
DMSO0-d6), 6 (ppm): 1.47 (s, 9H, C(CH,),),
7.51 and 8.04 (d-d, 4H, C;H,, J=8.8 Hz),
8.63 (s, 1H, CH), 9.64 (s, 1H, CH).

Synthesis of 6-tert-butyl-8-[ (4!-bromo-
benzylidene )-amino]-8H-[1,2,4]tria-
zolo[4,3-b][1,2,4 Jtriazin-7-one 8 e was
obtained as compound 5 from 2.08 g
(0.01 M) 8-amino-6-tert-butyl-8H-[1,2,4]
triazolo[4,3-b][1,2,4]triazin-7-one 4 and
1.85 g (0.01 M) of 4-bromobenzaldehyde.
Yield 2.81 g (75 %). M.p. = > 260 °C.
Anal. Cale. for C,.H,.BrN.O. %: N 22.4.
Found, %: N 22.2. 'TH NMR (360 MHz,
DMSO0-d6), 6 (ppm): 1.40 (s, 9H, C(CH,),),
7.81 and 9.92 (d-d, 4H, C;H,, J=8.5 Hz),
9.19 (s, 1H, CH), 9.46 (s, 1H, CH).

Synthesis of 6-tert-butyl-8-[(4!-N,N-
dimethylaminobenzylidene )-amino J-
8H-[1,2,4]triazolo[4,3-b][1,2,4]triazin-
7-one 8 f was obtained as compound 5
from 2.08 g (0.01 M) 8-amino-6-tert-
butyl-8H-[1,2,4]triazolo[4,3-b][1,2,4]
triazin-7-one 4 and 1.49 g (0.01 M) of
4-N,N-dimethylaminobenzaldehyde. Yield
2.48 g (73 %). M.p. = 231-232 °C. Anal.
Calc. for C,;H,;N.O. %: N 28.9. Found,
%: N 28.6. 'TH NMR (360 MHz, DMSO-
dé6), & (ppm): 1.46 (s, 9H, C(CH,),), 3.12
(s, 9H, N(CH,),), 6.75 and 7.79 (d-d, 4H,
C,H,, J=8.9 Hz), 8.61 (s, 1H, CH), 9.03
(s, 1H, CH).

Synthesis of 4-[(6-tert-butyl-7-oxo-7H-
[1,2,4]triazolo[4,3-b][1,2,4]triazin-
8-ylimino )-methyl J-benzoic acid methyl
ester 8 g was obtained as compound 5
from 2.08 g (0.01 M) 8-amino-6-tert-
butyl-8H-[1,2,4]triazolo[4,3-b] [1,2,4]
triazin-7-one 4 and 1.64 g (0.01 M) of
4-formylbenzoic acid methyl ester. Yield
2.12 g (60 %). M.p. = > 260 °C. Anal.
Calc. for C;,H,(N.O,. %: N 23.7. Found,
%: N 23.6. 'TH NMR (360 MHz, DMSO-
d6), 5 (ppm): 1.42 (s, 9H, C(CH,),), 3.91
(S, 8H, CH,), 8.11 and 8.15 (d-d, 4H,
CeH,), 9.22 (s, 1H, CH), 9.64 (s, 1H,
CH).

Synthesis of 6-tert-butyl-8-[ (21-chloro-
benzylidene)-amino]-8H-[1,2,4]
triazolo[4,3-b][1,2,4]triazin-7-one 8 h
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was obtained as compound 5 from 2.08 g
(0.01 M) 8-amino-6-tert-butyl-8H-[1,2,4]
triazolo[4,3-b][1,2,4]triazin-7-one 4 and
1.41 g (0.01 M) of 2-chlorobenzaldehyde.
Yield 2.12 g (64 %). M.p. = 201-202 °C.
Anal. Calc. for C,.H,,CINO. %: N 25.4.
Found, %: N 25.1. 'H NMR (360 MHz,
DMSO0-d6), 6 (ppm): 1.44 (s, 9H, C(CH,),),
7.52-8.22 (m, 4H, C/H,), 9.09 (s,1H,
CH), 10.0 (s, 1H, CH).

Synthesis of 6-tert-butyl-8-[(2!-hydro-
xybenzylidene )-amino J-8H-[1,2,4] tria-
zolo[4,3-b][1,2,4 ]triazin-7-one 8 i was
obtained as compound 5 from 2.08 g
(0.01 M) 8-amino-6-tert-butyl-8H-[1,2,4]
triazolo[4,3-b][1,2,4]triazin-7-one 4 and
1.22 g (0.01 M) of 2-hydroxybenzalde-
hyde. Yield 1.72 g (55 %). M.p. = 228—
229 °C. Anal. Calc. for C,,H,;N.O,. %:
N 26.9. Found, %: N 26.8. 'H NMR
(360 MHz, DMSO0-d6), 6 (ppm): 1.48 (s,
9H, C(CH,),), 6.96 (t, 1H, C;H,), 7.00 (d,
1H, C,H,), 7.39 (t, 1H, C;H)), 7.70 (d,
1H, C,H,), 8.66 (s, 1H, CH), 9.87 (s, 1H,
CH), 10.8 (s, 1H, OH).

Synthesis of 6-tert-butyl-8-[ (2!-metho-
xybenzylidene )-amino]-8H-[1,2,4]
triazolo[4,3-b][1,2,4 ]triazin-7-one 8 j
was obtained as compound 5 from 2.08 g
(0.01 M) 8-amino-6-tert-butyl-8H-[1,2,4]
triazolo[4,3-b][1,2,4]triazin-7-one 4 and
1.36 g (0.01 M) of 2-methoxybenzalde-
hyde. Yield 1.92 g (59 %). M.p. = 181-
182 °C. Anal. Calc. for C,;H,;N,O,. %:
N 25.8. Found, %: N 25.6. 'H NMR
(360 MHz, DMSO0-d6), 6 (ppm): 1.41 (s,
9H, C(CH,),), 3.92 (s, 8H, OCH,), 7.14
(t, 1H, C;H,), 7.24 (d, 1H, C;H,), 7.64 (%,
1H, C;H,), 8.07 (d, 1H, CH)), 9.18 (s,
1H, CH), 9.63 (s, 1H, CH).

Synthesis of 6-tert-butyl-8-[(3!-hydro-
xybenzylidene)-amino ]-8H-[1,2,4]
triazolo[4,3-b][1,2,4]triazin-7-one 8 k
was obtained as compound 5 from 2.08 g
(0.01 M) 8-amino-6-tert-butyl-8H-[1,2,4]
triazolo[4,3-b][1,2,4]triazin-7-one 4 and
1.22 g (0.01 M) of 3-hydroxybenzalde-
hyde. Yield 1.78 g (567 %). M.p. = 241—
242 °C. Anal. Calc. for C,,H,N.O,. %:
N 26.9. Found, %: N 27.1. 'H NMR
(360 MHz, DMSO0-d6), 6 (ppm): 1.40 (s,
9H, C(CH,),), 7.03 (d, 1H, CH,), 7.34
(d, 1H, C;H)), 7.388 (t, 1H, C;H,), 7.40 (s,
1H, C;H,), 9.18 (s, 1H, CH), 9.28 (s, 1H,
CH), 9.89 (s, 1H, OH).

Synthesis of 6-tert-butyl-8-[ (2'-hydro-
xy-31-methoxybenzylidene)-amino J-
8H-[1,2,4]triazolo[4,3-b][1,2,4 ]triazin-
7-one 8 1 was obtained as compound 5
from 2.08 g (0.01 M) 8-amino-6-tert-
butyl-8H-[1,2,4]triazolo[4,3-b][1,2,4]
triazin-7-one 4 and 1.52 g (0.01 M) of
2-hydroxy-3-methoxybenzaldehyde.
Yield 1.78 g (562 %). M.p. = > 260 °C.
Anal. Calc. for C;(H,;NO,. %: N 24.6.
Found, %: N 24.9. '"H NMR (360 MHz,
DMSO-d6), & (ppm): 1.41 (s, 9H,
C(CH,),), 3.88 (s, 3H, OCH,), 6.95 (t,
1H, C.H,), 7.20 (d, 1H, C;H,), 7.49 (%,
1H, C4H,), 9.17 (s, 1H, CH), 9.67 (s,
1H, CH), 10.2 (s, 1H, OH).

Synthesis of 6-tert-butyl-8-[(4!-hydro-
xy-31-methoxybenzylidene)-amino J-
8H-[1,2,4]triazolo[4,3-b][1,2,4 ]triazin-
7-one 8 m was obtained as compound 5
from 2.08 g (0.01 M) 8-amino-6-tert-
butyl-8H-[1,2,4]triazolo[4,3-b][1,2,4]
triazin-7-one 4 and 1.52 g (0.01 M) of
4-hydroxy-3-methoxybenzaldehyde. Yield
2.36 g (69 %). M.p. = 223-224 °C. Anal.
Calc. for C,H,;N.O,. %: N 24.6. Found,
%: N 24.4. 'TH NMR (360 MHz, DMSO-
dé6), 5 (ppm): 1.46 (s, 9H, C(CH,),), 3.94
(s, 8H, OCH,), 6.89 (d, 1H, C;H,), 7.32
(d, 1H, CzH,), 7.55 (s, 1H, C;H,), 8.64
(s, 1H, CH), 9.13 (s, 1H, CH), 9.30 (s,
1H, OH).

Synthesis of 6-tert-butyl-8-[(3!-hydro-
xy-41-methoxybenzylidene )-amino J-
8H-[1,2,4]triazolo[4,3-b][1,2,4 ]triazin-
7-one 8 n was obtained as compound 5
from 2.08 g (0.01 M) 8-amino-6-tert-
butyl-8H-[1,2,4]triazolo[4,3-b][1,2,4]
triazin-7-one 4 and 1.52 g (0.01 M) of
4-hydroxy-3-methoxybenzaldehyde. Yield
2.26 g (66 %). M.p. = 252—-253 ‘C. Anal.
Calc. for C,;H,;N:O,. %: N 24.6. Found,
%: N 24.7. 'TH NMR (360 MHz, DMSO-
dé6), 5 (ppm): 1.40 (s, 9H, C(CH,),), 3.87
(s, 8H, OCH,), 7.09 (d, 1H, C;H,), 7.32
(d, 1H, CzH,), 7.46 (s, 1H, C;H,), 9.07
(s, 1H, CH), 9.17 (s, 1H, CH), 9.58 (s,
1H, OH).

Synthesis of 6-tert-butyl-8-[(4!-hydro-
xy-31-ethoxybenzylidene )-amino J-
8H-[1,2,4]triazolo[4,3-b][1,2,4 ]triazin-
7-one 8 o was obtained as compound 5
from 2.08 g (0.01 M) 8-amino-6-tert-
butyl-8H-[1,2,4]triazolo[4,3-b][1,2,4]
triazin-7-one 4 and 1.66 g (0.01 M) of
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4-hydroxy-3-ethoxybenzaldehyde. Yield
2.36 g (69 %). M.p.= 218-219 °C. Anal.
Calc. for C,,H, N:O,. %: N 238.6. Found,
%: N 23.3. 'H NMR (360 MHz, DMSO-
d6), & (ppm): 1.45 (s, 9H, C(CH,),), 1.48
(t, 3H, CH,CH,), 4.17 (q., 2H, CH,CH,),
6.89 (d, 1H, CH,), 7.382 (d, 1H, CH,),
7.53 (s, 1H,C;H,), 8.63 (s, 1H, CH), 9.12
(s, 1H, CH), 9.18 (s, 1H, OH).

Synthesis of 6-tert-butyl-8-[(4!-hydro-
xybenzylidene )-amino J-8H-[1,2,4] tria-
zolo[4,3-b][1,2,4 Jtriazin-7-one 9 p was
obtained as compound 5 from 2.08 g
(0.01 M) 8-amino-6-tert-butyl-8H-[1,2,4]
triazolo[4,3-b][1,2,4]triazin-7-one 4 and
1.22 g (0.01 M) of 4-hydroxybenzalde-
hyde. Yield 2.25 g (72 %). M.p. = > 250 °C.
Anal. Calc. for C,.H (N O,. %: N 26.9.
Found, %: N 26.6. '"H NMR (360 MHz,
DMSO0-d6), 6 (ppm): 1.45 (s, 9H, C(CH,),),
6.90 and 7.79 (d-d, 4H, C;H,), 8.62 (s,
1H, CH), 9.12 (s, 1H, CH), 9.95 (s, 1H,
OH).

Synthesis of 6-tert-butyl-8-[ (4'-metho-
xybenzylidene )-amino J-8H-[1,2,4] tria-
zolo[4,3-b][1,2,4 Jtriazin-7-one 9 q was
obtained as compound 5 from 2.08 g
(0.01 M) 8-amino-6-tert-butyl-8H-[1,2,4]
triazolo[4,3-b][1,2,4]triazin-7-one 4 and
1.36 g (0.01 M) of 4-methoxybenzalde-
hyde. Yield 2.28 g (70 %). M.p.= 230—
231 °C. Anal. Calc. for C,;H,;N:O,. %: N
25.8. Found, %: N 25.9. 'TH NMR (360
MHz, DMSO-d6), 6 (ppm): 1.46 (s, 9H,
C(CH,),), 3.90 (s, 3H, OCH,), 7.04 and
7.94 (d-d, 4H, C,H,, J=8.9 Hz), 8.75
(s,1H, CH), 9.27 (s, 1H, CH).

Synthesis of 6-tert-butyl-8-[ (4!-benzyl-
oxybenzylidene)-amino]-8H-[1,2,4]
triazolo[4,3-b][1,2,4]triazin-7-one 9 r
was obtained as compound 5 from 2.08 g
(0.01 M) 8-amino-6-tert-butyl-8H-[1,2,4]
triazolo[4,3-b][1,2,4]triazin-7-one 4 and
2.12 g (0.01 M) of 4-benzyloxybenzalde-
hyde. Yield 2.93 g (73 %). M.p. = 198-
199 °C. Anal. Calc. for C,,H,,NsO,. %:
N 20.9. Found, %: N 20.6. 'H NMR
(360 MHz, DMSO0-d6), 6 (ppm): 1.40 (s,
9H, C(CH,),), 5.23 (s, 2H, CH,), 7.22 and
7.93 (d-d, 4H, C,H,, J=9.0 Hz), 7.34—
7.50 (m, 5H, C/H,), 9.17 (s, 1H, CH),
9.18 (s, 1H, CH).

Synthesis of 6-tert-butyl-8-{[4-(4!-
chlorobenzyloxy )-benzylidene J-amino}-
8H-[1,2,4] triazolo[4,3-b][1,2,4]triazin-

7-one 9 s was obtained as compound 5
from 2.08 g (0.01 M) 8-amino-6-tert-
butyl-8H-[1,2,4]triazolo[4,3-b][1,2,4]
triazin-7-one 4 and 2.47 g (0.01 M) of
4-(41-chlorobenzyloxy)-benzaldehyde.
Yield 3.36 g (77 %). M.p. = 199-200 °C.
Anal. Calc. for C,,H, CIN,O,. %: N 19.2.
Found, %: N 19.4. 'TH NMR (360 MHz,
DMSO0-d6), 6 (ppm): 1.40 (s, 9H, C(CH,),),
5.28 (s, 2H, OCH,), 7.21 and 7.93 (d-d,
4H, C;H,, J=8.8 Hz), 7.47 and 7.52 (d-d,
4H, C.H,, J=8.5 Hz),9.17 (s, 1H, CH),
9.19 (s, 1H, CH).

Synthesis of 2-{4-[ (6-tert-butyl-7-oxo-
7H-[1,2,4]triazolo[4,3-b][1,2,4]triazin-
8-ylimino )-methyl J-phenoxy}-N-isopropyl-
N-phenylacetamide 9 t was obtained as
compound 5 from 2.08 g (0.01 M) 8-amino-
6-tert-butyl-8H-[1,2,4] triazolo[4,3-b]
[1,2,4]triazin-7-one 4 and 2.97 g (0.01 M)
of 2-(41-formylphenoxy)-N-isopropyl-N-
phenylacetamide. Yield 3.75 g (77 %).
M.p. = 151-152 °C. Anal. Calc. for
CyeHygN.O,. %: N 20.1. Found, %: N
20.3. 'H NMR (360 MHz, DMSO-d6), &
(ppm): 1.08 (d, 6H, CH(CH,),), 1.40 (s,
9H, C(CH,),), 4.36 (s, 2H, CH,), 4.80 (m,
1H, CH(CH,),), 6.94 and 7.87 (d-d, 4H,
CsH,, J=8.7 Hz), 7.41-7.54 (m, 5H, Ph),
9.16 (s, 1H, CH), 9.17 (s, 1H, CH).

Synthesis of &8-[(benzo[1,3]dioxol-5-
ylmethylene )-amino ]-6-tert-butyl-
8H-[1,2,4]triazolo[4,3-b][1,2,4]triazin-
7-one 10 was obtained as compound 5
from 2.08 g (0.01 M) 8-amino-6-tert-
butyl-8H-[1,2,4]triazolo[4,3-b][1,2,4]
triazin-7-one 4 and 1.50 g (0.01 M) of
benzo[1,3]dioxol-5-carbaldehyde. Yield
2.93 g (73 %). M.p. = 221-222 °C. Anal.
Calc. for C,;H,(N:O.. %: N 24.7. Found,
%: N 24.6. 'TH NMR (360 MHz, DMSO-
d6), 5 (ppm): 1.40 (s, 9H, C(CH,),), 6.18
(s, 2H, CH,), 7.12 (d, 1H, C;H,), 7.47 (d,
1H, C H,), 7.50 (s, 1H, C/H,), 9.16 (s,
1H, CH), 9.18 (s, 1H, CH).

Screening of compound’s antioxidant
activity (AOA) was studied in vitro by
their ability to inhibit lipoperoxide for-
mation, induced by FeSO, in yolk lipo-
proteids emulsion. [8, 9]. Ascorbic acid
and ionol were taken as comparison com-
pounds. The test was conducted by the
following method. Each of compounds as
10 pM/ml solution diluted in DMSO,
0,5 ml 0,7 % FeSO, - TH,O solution and
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3 ml potassium-phosphate buffer were
added to yolk emulsion. After for 60 min
at 37 °C incubation, solution was cooled
and used for determination of lipid per-
oxidation products, which react with
thiobarbituric acid (TBA-active prod-
ucts), particularly, malonic dialdehyde
(MDA). For this, to solution, obtained
after incubation, 2 ml of cooled 20 %
trichloroacetic acid and 0,05 ml trilon
B (50 mg/1) were added. After centrifu-
gation, 2 ml 1 % of freshly prepared
tiobarbituric acid was added to each
supernatant and incubated for 35 min at
95 “C. After cooling, 4 ml of buthanol-1
was added, and optical density of butha-
nol extracts was measured, using KFK-2
photo colorimeter at wave length of 540
nanometers. Each determination was
repeated three times.

AOA of test and control samples was
evaluated by formula:

AOA=C—t

D

c

+ 100 %, where

D, — optical density at 540 nm of con-
trol sample (DMSO without test com-
pound);

D, — optical density at 540 nm of test
sample (DMSO with test compound);

Results and discussion. According to
the data obtained (table), it is possible to
note certain dependences of the test sub-
stances structures with their antioxidant
properties.

Thus, the introduction of electron-
withdrawing substituents (F, Cl, Br and
COOMe) into the benzene ring leads to
decrease of an antioxidant properties as
to the base molecule 6-tert-butyl-8-
(benzylideneamino)-8H-[1,2,4]triazo-
lo[4,3-b][1,2,4]triazin-7-one 8 a without
substitutes.

Replacing the benzene ring with het-
erocyclic thiophene 6 and furan 5 resi-
dues results in very strong prooxidant
properties. Thus, 6-tert-butyl-8-[(furan-
2-ylmethylene)-amino]-8H-[1,2,4]
triazolo[4,3-b][1,2,4]triazin-7-one 5 has
the highest value of prooxidant activity:
-110.9 % in relation to ascorbic acid and
-134.1 % in relation to ionol.

It has been shown that antioxidant
properties of the molecule depend sig-

nificantly on the position of the hydroxyl
group in the benzene ring. Thus, the
highest activity value in the 2-OH (8 i),
3-OH (8 k) i 4-OH (9 p) series is regis-
tered for compound 6-tert-butyl-8-[(41-
hydroxybenzylidene)-amino]-8H-[1,2,4]
triazolo[4,3-b][1,2,4]triazin-7-one 9 p.
The lowest is for the compound (8 k)
with the presence of a hydroxyl group in
the third position of the benzene ring. It
should be noted that this pattern per-
sists with the introduction into the ring
of electron-donating OCH, and OC,H,
substituents (compounds 8 1, 8 m, 8 n
and 8 o) that enhance the antioxidant
properties of the parent molecule. In the
case of condensation of compound 4
with salicylic aldehyde and with
2-hydroxynaphthalene-1-carbaldehyde
substances 8 i and 7 are formed, respec-
tively.

Analysing their antioxidant proper-
ties, we can conclude that condensed
derivatives with a hydroxyl group have a
higher AOA than their corresponding
benzene derivatives with values of 48.08 %
and 35.90 % (7 and 8 i) respectively. For
substances 7, 8 a antioxidant properties
were observed at the level of ascorbic
acid, and substances 8 1, 8 o showed
higher results than ascorbic acid.

Thus, a new series of 8H-[1,2,4]
triazolo[4,3-8][1,2,4]triazin-7-ones deriv-
atives has been proposed, which may
form the basis for the creation of new
antioxidants.

Conclusions

1. A series of new derivatives of
8H-[1,2,4]triazolo[4,3-8][1,2,4]tri-
azin-7-ones has been synthesized and
their structure has been proved by
modern physicochemical methods. An
antioxidant properties of new com-
pounds were evaluated in screening
test in vitro as compared with ionol
and ascorbic acid.

2. The regularities of the chemical struc-
ture — pharmacological action are
established. It is shown that the
introduction of electron-withdrawing
substituents (F, Cl, Br and COOMe)
into the benzene ring leads to a
decrease of the antioxidant properties
as to the base molecule 6-tert-butyl-8-
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Table

Antioxidant activity (AOA) of derivatives
of 8H-[1,2,4 Jtriazolo[4,3-6] [1,2,4]triazin-7-ones

Compound, substituents Optical density (540 nm) AOA, %
The control - DMSO 0.312
The control - lonol 0.053 83,01
The control — ascorbic acid 0.148 52,56
4 0.250 19,87
5 2-furyl 0.658 -110,90
6 2-thiophenyl 0.382 -22,44
7 0.162 48,08
8a H 0.163 47,76
8b 4-Me 0.335 -7,37
8c 4-F 0.338 -8,33
8d 4-Cl 0.272 12,82
8e 4-Br 0.282 9,62
8f 4-NMe, 0.288 7,69
8g¢g 4-COOMe 0.262 16,03
8h 2-Cl 0.249 20,19
8i 2-OH 0.200 35,90
8j 2-OCH, 0.267 14,42
8k 3-OH 0.322 -3,21
8l 2-OH, 3-0OCH, 0.122 60,90
8m 4-OH, 3-OCH, 0.228 26,92
8n 3-OH, 4-OCH, 0.258 17,31
8o 4-0OH, 3-0OC_H, 0.121 61,22
9p 4-OH 0.178 42,95
9q 4-OCH, 0.225 27,88
9r 4-OCH,Ph 0.336 -7,69
9s 4-OCH,C.H,CI 0.337 -8,01
9t 0.332 -6,41
10 3,4-CH,OCH, 0.302 3,21

(benzylideneamino)-8H-[1,2,4]
triazolo[4,3-b][1,2,4]triazin-7-one 8 a
without substitutes. The most active
were derivatives of 8-(benzylide-
neamino)-6-~{tert}-butyl-[1,2,4]
triazolo[4,3-b][1,2,4]triazin-7-ones,
which had a hydroxyl group and an
additional oxyalkyl fragment in the

third position of the benzene ring (8
1, 8 o).

. The data obtained substantiate the

feasibility of further studying the
derivatives of 6-tert-butyl-8-(benzyl-
ideneamino)-8H-[1,2,4]triazolo[4,3-b]
[1,2,4]triazin-7-ones as potential anti-
oxidant agents.
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Y. N. Novodvorskyi, O. Y. Bahlai, I. V. Komarov, A. M. Demchenko

Synthesis and antioxidant activity of derivatives of 8H-[1,2,4]triazolo[4,3-b]

[1,2,4]triazin-7-ones

Oxidative stress is usually connected with many severe diseases, such as atherosclerosis, hyperten-
sion, Alzheimer’s disease etc. Therefore, the search for new antioxidants is a very important pharma-
cological task.

The aim of the study - to synthesize new derivatives of 8-(4'-hydroxy-3R-benzylidenamino)-6-tert-
butyl-8H-[1,2,4]triazolo[4,3-b][1,2,4]triazine-7-ones and to evaluate their antioxidant properties in
screening test in vitro as compared with ionol and ascorbic acid.

By interaction of equimolar amounts of 8-amino-6-tert-butyl-8H-[1,2,4]triazolo[4,3-b][1,2,4]triazin-
7-one with the corresponding aromatic and heterocyclic aldehydes in ethanol, a series of Schiff bases with
the key fragment 8H-[1,2,4]triazolo[4,3-b][1,2,4]triazin-7-one were synthesized. The structure and purity
of all the substances obtained were confirmed by 'H NMR spectroscopy.

Screening of compound’s antioxidant activity (AOA) was studied in vitro by their ability to inhibit lipoper-
oxide formation, induced by FeSO, in yolk lipoproteins emulsion.

It is shown, that, depending on the structure, the test substances exhibit both antioxidant and pro-
oxidant properties. The regularities of the chemical structure — pharmacological action are established.
It is shown that the introduction of electron-withdrawing substituents (F, Cl, Br and COOMe) into the
benzene ring leads to a decrease in the antioxidant properties as to the base molecule 6-tert-butyl-8-
(benzylideneamino)-8H-[1,2,4]triazolo[4,3-b][1,2,4]triazin-7-one 8 a without substitutes. The most
active were derivatives of 8-(benzylideneamino)-6-~{tert}-butyl-[1,2,4]triazolo[4,3-b][1,2,4]triazin-
7-ones, which had a hydroxyl group and an additional oxyalkyl fragment in the third position of the ben-
zenering (81, 8 o).

The data obtained substantiate the feasibility of further studying the most active derivatives of 6-tert-
butyl-8-(benzylideneamino)-8H-[1,2,4]triazolo[4,3-b][1,2,4]triazin-7-ones as potential antioxidant
agents.

Key words: antioxidant activity, ascorbic acid, ionol, derivatives of 8H-[1,2,4]triazolo[4,3-B][1,2,4]tri-
azin-7-ones

€. M. HoBoaBopcekuii, O. 10. barnai, I. B. Komapos, A. M. Jlem4yeHKO

CuHTEe3 Ta aHTUOKCUAAHTHA aKTUBHICTb noxigHux 8H-[1,2,4]Tpunasono [4,3-B]

[1,2,4]TpnasuH-7-0HYy

BaraTto cepiio3H1x 3axBOPOBaHb, Taki Ik aTepoCKNIepo3, rinepTeHsis, xeopoba AnburenmMepa, giabet
Ta iH. NOB’A3aHi 3 PO3BMTKOM OKVUCHIOBAIbHOIO CTPECyY. TOMY MOLLYK HOBMX aHTUOKCUOAHTIB € Ay>Xe akTyasb-
Holo 3apa4yeto hapmakonorii.

Merta gocninxeHHst — cuHTedyBatn HOBI noxigHi 8H-[1,2,4]tpnasono [4,3-8][1,2,4]TpnasnH-7-oHy Ta
BUBYNTW IXHIO @QHTUOKCUAAHTHY aKTUBHICTb Y CKPUHIHIOBOMY OOCHIAXEHHI in vitro NOpPiBHAHO 3 iOHONIOM Ta
ackopbiHOBOIO KMCNOTOIO.

Bsaemogjelo ekBiMONsSipHMX KinbkocTe 8-amiHo-6-TpeT-6yTtun-8H-[1,2,4] Ttpuasonol4,3-8][1,2,4]
TpMasuH-7-0Hy 3 BIAMNOBIOHUMN apOMaTUYHVMU Ta FeTEPOLMKIIYHUMMW anbAerigamMmv B eTaHOsi CUHTe30Ba-
HO HM3Ky ocHoB LUundda 3 knovosum dparmeHtom 8H-[1,2,4]tpnaszono[4,3-8][1,2,4]TprasnH-7-0Hy.
BynoBy Ta YACTOTY BCiX OTPUMAaHNX PEYOBUH niaTBepaXeHo aaHummn AMP 'H cnektpockonii.

AHTMOKCMAAHTHY akTMBHICTbL (AOA) noxigHux 8H-[1,2,4]tpuasono [4,3-8] [1,2,4]TpnasunH-7-0Hy OLi-
HIOBaM B JoChnifax in vitro 3a iXHbOIO 3AATHICTIO MPUrHiYyBaTX YTBOPEHHS NPOAYKTIB NiNONEePEOKNCHEHHS,
inoykosaHe FeSO, y ninonpoteinax Kypsa4oro anus.

lMokasaHo, Lo A0CNiOXYyBaHi PeYOBMHN 3anexHO Bif Oy40BM NPOSBASIOTL K aHTMOKCUOAHTHI, Tak i
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NPOOKCUAAHTHI BNAcTUBOCTI. BcTaHOBNEHI 3akOHOMIPHOCTI XiMiyHa 6yaoBa — 6iofloriyHa akTUBHICTb.
OTpuMaHi faHi 06rpyHTOBYIOTb AOLIIbHICTE NOAASbLLOIO BUBYEHHS HANAKTUBHILLMX noxiaHux 8H-[1,2,4]
Tpuasono[4,3-8] [1,2,4]TprasnH-7-0Hy Ik HOBMX NOTEHLiAHMX aHTUOKCUOAHTHUX 3aCO0iB.

Kno4oBi crioBa: aHTUOKCUAaHTHa aKTUBHICTb, ackopbiHoBa kucsoTa, ioHos, noxiaHi 8H-[1,2,4]
Tpna3sono[4,3-8][1,2,4]TpnasuH-7-0HiB

E. H. HosoaBopckuii, A. 10. barnaii, U. B. Komapos, A. M. lem4yeHko

CuHTe3 M aHTUOKCUJAHTHAA aKTUBHOCTb NPou3BogHbix 8H-[1,2,4]Tpnasonol4,3-B]

[1,2,4]TpnasnH-7-0HOB

MHorve cepbeaHble 3ab0sieBaHusl, Takme Kak atepocksiepos, rmnepTeH3uns, 6one3Hb AnbureimMepa,
anabeT 1 ap. ConpsikeHbl C Pa3BUTUEM OKUCIIMTENBHOrO cTpecca. [103ToMy NoncK HOBbIX @HTUOKCUAAH-
TOB SIBNISIETCS aKTyaslbHOM 3aaa4en dapmakonormu.

Llenb nccnegoBaHms — CUHTE3NPOBATb HOBbIE NMPon3BoaHble 8H-[1,2,4]Tprasonol4,3-8][1,2,4]Tpna-
3UH-7-0Ha U U3Y4UTb MX aHTMOKCUAAHTHYIO aKTMBHOCTb B CKPUHVMHIOBOM TECTE in Vitro no CpaBHEHUIO C
MOHOJIOM N aCKOPOUHOBOW KMUCIIOTOA.

B3anmogpeiictBnemM aKBUMOJIAPHBLIX KOJIMYecTB 8-amMuHO-6-TpeT-0yTun-8H-[1,2,4]tprnasono[4,3-8]
[1,2,4]TprasnH-7-oHa C COOTBETCTBYIOLMMM apOMaTUYECKUMN N TETEPOLMKINYECKMMW anbaerngamn B
3TaHONIe CUHTE3MPOBAH psg, ocHoBaHul LLndda ¢ knovesbiMm dparmeHtom 8H-[1,2,4]tpmnaszono [4,3-8]
[1,2,4]TprasuH-7-oHa. CTPOEHME 1 YNCTOTA BCEX MOJTYHEHHbIX BELLIECTB NOATBEPXAEHbI AaHHbIMU AMP TH
CMNEeKTPOCKOMMUMU.

AHTUOKCMOAHTHYIO akTUBHOCTL (AOA) npondsoaHbix 8H-[1,2,4] Tpuasonol4,3-8][1,2,4]TpnasunH-7-oHa
OLeHVBanu in vitro No nx cnocobHOCTN MHIMBMpPOoBaTbL 0Opa3oBaHMe NPOAYKTOB JIMMOMNEPEOKNCIIEHNS,
nHayumposaHHoe FeSO, B iMnonpoTerHax KypuHOro anua.

MokasaHo, 4TO UccnenyemMble BELLECTBA B 3aBUCMMOCTN OT CTPOEHUS MPOSIBASIIOT Kak aHTUOKCUAAHT-
Hble, TaKk N MPOOKCUOAHTHbIE CBOMCTBA. YCTAHOBNIEHbI 3aKOHOMEPHOCTU XMMUYECKOE CTPOEHNe — 61oso-
rmyeckasi akTMBHOCTb.

MonyyeHHble faHHbIE 060CHOBLIBAIOT LeNeco06pa3HOCTb AasIbHENLLErO U3YYeHUss Hanboree akTuB-
HbIX NponadBoaHbix 8H-[1,2,4]Tpnasono [4,3-8][1,2,4]TpnasdmH-7-0Ha B KA4ECTBE HOBbIX NMOTEHLMANBHbBIX
aHTMOKCWIAHTHbBIX CPEACTB.

KnoueBble crnoBa: aHTOKCUAaHTHasi akTUBHOCTb, aCKOPOMHOBasi KUC/10Ta, MOHOJ1, IPON3BOAHbIE
8H-[1,2,4]tpnasono[4,3-8][1,2,4]TprasunH-7-oHoB
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