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Reactions  of  5-methyl-7-phenyl-4,7-dihydro-1,2,4-triazolo-[1,5-a]pyrimidin-6-carbalde-
hyde with different oxidizing reagents, nitrogen containing nucleophiles and CH-acids have
been studied. The structure of the synthesized compounds was determined on the basis of 1H,
13C NMR, IR, and MS spectroscopic data and confirmed by the X-ray analysis of the 5-methyl-
6-nitro-7-phenyl[1,2,4]triazolo[1,5-a]pyrimidine,  5-dibromomethyl-6-brom-7-phenyl[1,2,4]tri-
azolo-[1,5-a]pyrimidine, and 5-((4,7-dihydro-5-methyl-7-phenyl-[1,2,4]triazolo[1,5-a]pyrimidin-
6-yl)methylene)pyrimidine-2,4,6(1H,3H,5H)-trione.

Keywords: 5-methyl-7-phenyl-4,7-dihydro-1,2,4-triazolo-[1,5-a]pyrimidin-6-carbaldehyde,
chemical properties, nucleophilic addition, oxidation reactions, condensations with CH-acids.

Ximiuni BracrtusBocri 5-metun-7-penin-4,7-qurinpo-1,2,4-rpuasono[1,5-a]aipumigmnu-
6-kapGanpaeriny Ta #oro mnoxigaux. B.B.Jlincon, H.B. Ceéimauuna, B.M. Bakyaa,
M.T. Illupoborosa, C.B. uwxina, I.C. Konosanosa, B.I. Mycamos.

Busueno peaxirii 5-mermii-7-enin-4,7-guriapo-1,2,4-tpuasoso[1,5-a]mipumiguH-6-
KapOasbaeriny 3 pi3HHMU OKUCIIOBAJIBHUME peareHTaMH, HITPOTeHOBMICHUMH HYKJIeodiaamu
ta CH-kxucnoramu. BynoBy cunresoBanux crionyx gosegero 1H, 13C AMP, T4 ra mac-crexrpamu,
a TaKOK JAHUMH PEHTTeHOCTPYKTYPHUX JOCTIIKEeHb MOHOKPHUCTAJIB b5-MeTUJI-6-HITPOo-7-
denin[1,2,4]tpuasono[1,5-a]mpumiguny, 5-qudpoMmomerui-6-opomo-7-deni|1,2,4]rpuasono[1,5-
a]oipumiguHy Ta 5-((4,7-gurigpo-5-merwmii-7denin[1,2,4] rpuasosio[1,5-a]mipumiguH-6-11)-
MerwuiieH)mipumingne-2,4,6(1H,3 H,5 H)-Tpuony.

© 2025 — STC “Institute for Single Crystals”

1. Introduction

1,2,4-Triazolo[1,5-a]pyrimidines and their
partially hydrogenated derivatives are impor-
tant heterocyclic scaffolds that can be found
in numerous pharmacologically substantial
compounds, since they are isosteric to purines
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and in some cases can be converted to nucleo-
side analogues [1]. Therefore, various triazo-
lopyrimidines themselves or as fragments in
the structure of hybrid molecules have been
studied as potential growth inhibitors of
microorganism [2,3], disruptors of influenza
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virus RNA-dependent RNA polymerase com-
plex [4], inhibitors of hepatitis B virus surface
antigen secretion [5], and anti-malaria agents
with targeting activity against Plasmodium
falciparum dihydroorotate dehydrogenase [6].
Their antimetabolic and antitumor activities
also have been reported [7-10]. However, bio-
logical significance of these compounds is not
used up their function as a heteroanalogues
of purines. There are many other types of the
activity have been found. The ability of some
of triazolopyrimidines to stabilize microtubule
holds promises for the development them as po-
tential therapeutics for treatment Alzheimer’s
disease and related tauopathies [11]. A series of
potent and selective triazolo[1,5-a]pyrimidine
phosphodiesterase 2 inhibitors has been pro-
posed for the treatment of memory disorders
[12]. But the most investigated pharmacologi-
cal properties of these azoloazines are inotro-
pic, hypotensive, broncho- and vasodilatoric.
The examples for widely used drugs are vasodi-
lator and antiplatelet agent trapidil (rocornal)
1, vasodilator bumepidil 2 and bronchodilator
ICI 163197 3 (Scheme. 1) [1].

Trapidil acts as a 3’,5’-cAMP phosphodies-
terase inhibitor and as competitive antagonist
of the platelet-derived growth factor (PDGF) re-
ceptor. It is known more than forty years; how-
ever, its study continues. Thus, in the middle
of 2000 was reported, that triazolopyrimidine
1, with its vasodilator, NO releasing and lipid
peroxidation preventive effects may have some
potential to diminish the tissue injury [13]. Lo-
tinun S. et. all proposed a novel experimental
strategy for prevention of parathyroid bone
disease using trapidil 1 as an inhibitor PDGF
signaling [14].

Our interest in the functionalization of par-
tially hydrogenated azolopyrimidines is related
to the search for new building blocks for the syn-
thesis of hybrid compounds with antimicrobial
properties based on triterpenoid scaffold and
potential agents for the treatment of metabolic
disorders such as diabetes mellitus and athero-
sclerosis. At the same time, fused dihydroazolo-
pyrimidine systems are relevant models for the
solution of some theoretical and applied prob-
lems in the chemistry of the partially reduced
azoloazines. The results of our studies of some
their chemical properties, molecular structure
and imine-enamine tautomeric equilibrium
have reported previously [1, 15-18]. The aim
of this research is to evaluate the reactivity of
5-methyl-7-phenyl-4,7-dihydro-1,2,4-triazolo-
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Scheme 1. Pharmacologically important 1,2,4-
triazolo[1,5-a]pyrimidines.

[1,5-a]pyrimidin-6-carbaldehyde in reactions
with various oxidizing reagents, nitrogen-con-
taining nucleophiles and CH-acids.

2. Experimental

Starting 5-methyl-7-phenyl-4,7-dihydro-
1,2,4-triazolo[1,5-a]pyrimidin-6-ylcarbalde-
hyde 5 was synthesized by the method published
previously [18]. Melting points were determined
on a Kofler hot bench and temperatures were
not corrected. The IR spectra were recorded
in KBr on a Specord M-82 spectrometer. The
'H NMR spectra were registered on a Varian
Mercury VX-200 (200 MHz) and Bruker AM-
400 spectrometer (400 MHz), 13C NMR spec-
tra were registered on a Bruker AM-400 (100
MHz) spectrometer in DMSO-d, using TMS as
internal standard. The mass spectra were re-
corded on a Varian 1200L GC-MS instrument,
ionization by EI at 70 eV. Elemental analyses
were carried out on an elemental analyzer Eu-
rovector AE-3000. The progress of reactions
and also the purity of the obtained compounds
were monitored by TLC on ALUGRAM® Xtra
SIL G/UVgs, plates in EtOAc/CHCl4 (1:2) and
visualized under UV light or I, vapor.

4,7-Dihydro-5-methyl-7-phenyl-1,2,4-triazo-
lo[1,5-a]pyrimidinyl-6-carbaldehyde hydrazone
(6). The mixture of aldehyde 5 (1.0 mmol), 0.5
ml 45 % NyH, -HoO in 20 ml MeOH was heated
under reflux for 1 h. The solution was cooled,
obtained precipitate was filtered off and crystal-
lized from 2-PrOH to afford the target product.
Yield 130 mg (51%), cream-colored powder, mp
328-329 (dec.) °C. IR spectrum, v, cm™1: 3372
(NH,), 3228 (NH), 1652 (C=N, C=C). 1H NMR
spectrum (200 MHz, DMSO-dy), 6, ppm: 2.05
(3H, s, CHy); 6.03 (2H, br. s, NH,); 6.22 (1H,
s, 7-CH); 7.15-7.23 (5H, m, Ph); 7.51 (1H, s, 2-
CH); 7.66 (1H, s, CH=N-); 9.87 (1H, br. s, NH).
Found, %: C 61.36; H 5.47; N 33.16. C;3H,Ng.
Calculated, %: C 61.42; H 5.51; 33.07.

4,7-Dihydro-5-methyl-7-phenyl-1,2,4-
triazolo[1,5-alpyrimidinyl-6-aldoxime (8).
Hydroxylamine hydrochloride (2 mmol)
and 0.1 g NaOH were dissolved in 20 ml
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MeOH and refluxed for 10 min, precipitate of
NaCl was filtered off. Aldehyde 5 (1.0 mmol)
was added to the resulting solution and heated
under reflux for 1 h. Target product was fil-
tered off and crystallized from MeOH. Yield
180 mg (71%), cream-colored powder, mp 307-
308°C. IR spectrum, v, cm™}: 3400-2850 (NH,
OH), 1656 (C=N, C=C). 1H NMR spectrum (200
MHz, DMSO-dy), 6, ppm: 2.15 (3H, s, CH,); 6.17
(1H, s, 7-CH); 7.20-7.24(5H, m, Ph); 7.58 (1H, s,
2-CH); 7.97 (¢, 1H, CH=N-); 10.38 (1H, br. s,
OH); 10.60 (1H, br. s, NH). 13C NMR (100 MHz,
DMSO-dy) 6: 15.51 (CHy), 59.00 (7-C), 100.92
(6-C), 127.67, 127.70, 128.16, 128.61, 128.65,
136.58, 141.40 (5-C), 145.36 (2-C), 147.96,
150.14 (-C=N-OH). Found, %: C 61.22; H 5.05;
N 27.41. C;3H,3N;O. Calculated, %: C 61.18; H
5.10; 27.45. Mass spectrum, m/z (I, %): 255
IM]* (25), 238 (100), 211 (11), 178 (63), 160 (35),
109 (15), 77 (15).
(E)-N-benzyl-1-(5-methyl-7-phenyl-4,7-
dihydro[1,2,4]triazolo[1,5-a]pyrimidin-6-
yl)methanimine (10). The mixture of aldehyde 5
(1.0 mmol) and benzylamine (2.0 mmol) in 10 ml
MeOH was refluxed for 50 min and cream-col-
ored amorphous precipitate was filtered. Com-
pound 10 was crystallized from MeOH. Yield
163 mg (560%), mp 224-225°C. IR spectrum, v,
em~!: 3120-2750 (NH, CH,), 1654(C=C), 1608
(C=N). IH NMR spectrum (200 MHz, DMSO-
dg), 6, ppm (J, Hz): 2.30 (3H, s, CHj); 4.43 (2H,
d, CH,, J=11. 2); 6.38 (1H, s, 7-CH); 7.23-7.41
(10H, m, Ph); 7.62 (1H, s, 2-CH); 8.33 (1H,
s, CH=N-); 10.44 (1H, br. s, NH). Found, %:
C 7291; H 573 N 2125 Cy,H gNg.
Calculated, %: C 72.95; H 5.78; N 21.28.
4,7-Dihydro-5-methyl-7-phenyl-1,2,4-tri-
azolo[1,5-aJpyrimidinyl-6-carbaldehyde 1so-
propilidenehydrazone (11). Hydrazone 6 (1.0
mmol) was dissolved under low heating in 5 ml
acetone and reaction mixture was stirred for
5 min. Then light-yellow precipitate was fil-
tered off and crystallized from MeOH. Yield
240 mg (82%), light-yellow powder, mp
210-211 °C. IR spectrum, v, cm™1: 3264-2800
(NH, CH,), 1656 (C=N, C=C). 'H NMR spec-
trum (200 MHz, DMSO-dg), 6, ppm: 1.72,
1.88, 2.25 (9H, s, 3(CHy)); 6.32 (1H, s, 7-CH),
7.23-7.41 (5H, m, Ph), 7.60 (1H, s, 2-CH), 8.20
(1H, s, CH=N-), 10.55 (1H, br. s, NH). Found,
%: C 65.35; H 6.17; N 28.61. C;zH;gN;. Calcu-
lated, %: C 65.31; H 6.12; 28.57.
4,7-Dihydro-5-methyl-7-phenyl-1,2,4-triazo-
lo[1,5-a]pyrimidinyl-6-carbaldehyde-[(3Z)-2-
0xo0-1,2-dihydro-3H-indol-3-ilidene]hydrazone
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(12). The mixture of hydrazone 6 (1.0 mmol)
and isatin (1.0 mmol) in 20 ml 2-PrOH was
heated under reflux for 5 min and obtained
dark-red precipitate of target compound 12 was
filtered off. Yield 260 mg (68%), mp 324-325 °C.
IR spectrum, v, cm™t: 3250-2800 (NH), 1724
(C=0), 1608 (C=N, C=C), 1580 (NH, C-N). 1H
NMR spectrum (200 MHz, DMSO-dy), 6, ppm:
2.45 (3H, s, CHy); 6.54 (1H, s, 7-CH); 6.80-7.50
(9H, m, Ph, Ar); 7.71(1H, s, 2-CH); 8.73 (1H, s,
CH=N-); 11.25, 10.63 (2H, br. s, 2(NH)). Found,
%: C 65.77; H 4.36; N 25.52. Co;H,;N,O. Calcu-
lated, %: C 65.80; H 4.44; 25.59.

N,N-Bis-(4,7-dihydro-5-methyl-7-phe-
nyl-1,2,4-triazolo[1,5-a]pyrimidinyl-6-
methylen)-hydrazine (13). Hydrazone 6
(1.0 mmol) in 1 ml DMF was heated under re-
flux for 5 min and obtained yellow precipitate
of target compound 12 was filtered off and crys-
tallized from mixture DMF-MeOH 2:1. Yield
420 mg (88%), mp 350-351°C. IR spectrum,
v, ecm~t: 3100-2800 (NH, CH,), 1656 (C=N,
C=C). 'H NMR spectrum (200 MHz, DMSO-
dg), 6, ppm: 2.24, 2.25 (6H, s, 2(CHj)); 6.37, 6.35
(2H, s, 2(7-CH)); 7.20-7.32 (10H, m, 2Ph); 7.60
(2H, s, 2(2-CH)); 8.31, 8.29 (2H, s, 2(-CH=N-));
10.60 (2H, br. s, 2(NH)). Found, %: C 65.59; H
5.08;N29.39.C,Hy N, . Calculated, %: C65.55;
H 5.04; 29.41. Mass spectrum, m/z (I, %): 476
[M]* (8), 238 (100), 223 (75), 211 (70), 195 (75),
181 (18), 169 (20), 142 (14), 127 (17), 100 (85),
84 (80).

4,7-Dihydro-5-methyl-7-phenyl-1,2,4-triazo-
lo[1,5-a]pyrimidinyl-6-carbonitrile (14).

A. A solution of oxime 8 (1 mmol) in 3 ml
DMF was refluxed for 30 min. The reaction
mixture was cooled, diluted by 5 ml MeOH and
white amorphous precipitate was filtered. Yield
100 mg (42%), mp 282-284 °C.

B. Chloroacetyl chloride (4 mmol) was added
to the suspension of compound 8 (1 mmol) in 3
ml dioxane and reaction mixture was refluxed
for 3 h. The solution was cooled and obtained
precipitate was filtered off. Yield 190 mg (79%),
mp 282-283 °C. IR spectrum, v, cm~t: 3272-2720
(NH, CH,), 2232 (CN), 1664 (C=C, C=N). 'H
NMR spectrum (400 MHz, DMSO-dy), 6, ppm:
2.16 (3H, s, CHy); 6.19 (1H, s, 7-CH); 7.21-7.36
(5H, m, Ph); 7.67 (1H, s, 2-CH); 11.13 (1H, br.
s, NH). 13C NMR (100 MHz, DMSO-d) 6: 18.26
(CHy), 59.76 (7-C), 80.22, 118.46 (CN), 127.44,
127.47, 127.57, 129.21, 140.08, 147.24, 148.28,
150.61, 150.55 (2-C). Found, %: C 65.77; H 4.58;
N 29.57. C,3H;Nj. Calculated, %: C 65.82; H
4.64; N 29.54. Mass spectrum, m/z (I, %): 237

el
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M] (29), 210 (8), 160 (100), 118 (17), 91 (16),
77 (27).

(E)-4,5-dimethyl-7-phenyl-4,7-dihydro-
[1,2,4]triazolo[1,5-a]pyrimidine-6-carbaldehyde
O-methyl oxime (15). The mixture of oxime 8
(0.5 mmol), KOH (2 mmol), and Mel (1 mmol)
in 1 ml DMF was stirred at the room tempera-
ture for 2 h, neutralized 10 % solution HCI, and
white amorphous precipitate was filtered. Com-
pound 15 was crystallized from MeOH. Yield 70
mg (49%), mp 190-192 °C. IR spectrum, v, cm™L:
2928 (CH,), 1632 (C=C, C=N). 'H NMR spec-
trum (200 MHz, DMSO-dy), 6, ppm: 2.25 (3H, s,
CH,); 3.48 (3H, s, NCH,); 3.66 (3H, s, OCHj);
6.19 (1H, s, 7-CH); 7.15-7.36 (5H, m, Ph); 7.63
(1H, s, 2-CH); 8.15 (1H, s, CH=N-). 13C NMR
(100 MHz, DMSO-d) 6: 14.01 (CHj), 33.15 (N-
CH,), 58.37 (7-C), 61.57 (OCH,), 102.29 (6-C),
127.54, 127.56, 128.19, 128.57, 128.60, 139.96,
141.44, 146.26 (-C=N-0-), 146.29 (5-C), 150.06.
Found, %: C 63.54; H 5.96; N 24.70. C,;H,,N;0.
Calculated, %: C 63.60; H 6.01; N 24.73. Mass
spectrum, m/z (I, %): 283 [M]* (58), 252 (100),
206 (58), 174 (70), 148 (13), 77 (15), 56 (18).

5-Methyl-6-nitro-7-phenyl[1,2,4]triazolo[1,
5-aJpyrimidine (16). The solution of aldehyde
5 (0.8 mmol) in 2 ml AcOH with 0.2 ml HNO,
was refluxed for 3 h. The reaction mixture was
cooled, neutralized by Na,CO4 saturated solu-
tion, ligh, yellow amorphous precipitate of com-
pound 16 was filtered, and crystallized from
MeOH. Yield 40 mg (20%), mp 220-222°C. IR
spectrum, v, cm™1:1364 (NO,). '"H NMR spec-
trum (200 MHz, DMSO-dy), 6, ppm: 2.70 (3H, s,
CH,); 7.61-7.67 (5H, m, Ph); 8.74 (1H, s, 2-CH).
Found, %: C 56.42; H 3.49; N 27.42. C;,HyN;O,.
Calculated, %: C 56.47; H 3.53; N 27.45. Mass
spectrum, m/z (I, %): 255[M]* (100), 238 (43),
227 (20), 210 (63), 198 (20), 171 (14), 127 (45).
103 (78), 77 (95).

The X-ray diffraction study for compound
(16). The crystals of 16 (C;5HoN;0,) are mono-
clinic. At 20°C g = 14.036(1), b = 8.6806(6), c
= 10.4551(8) A, B=109.923(8)°, V=1197.6(2)
A3, M, = 255.24, Z=4, space group P2/c,
d.,=1.416 glem®, m(MoK,) = 0.102 mml,
F(000) = 528. Intensities of 6413 reflections
(2078 independent, R; ;=0.018) were measured
on the «Xcalibur-3» diffractometer (graphite
monochromated MoKa radiation, CCD detec-
tor, ®-scaning, 20, = 60°).

The structure was solved by direct method
using SHELXTL program package [19]. Posi-
tions of the hydrogen atoms were located geo-
metrically and refined using the riding model

Functional materials, 32, 3, 2025

with U,  =nU, of the carrier atom (n=1.5 for
methyl group and n=1.2 for other hydrogen
atoms). Full-matrix least-squares refinement
against F2 in anisotropic approximation for
non-hydrogen atoms to wR, = 0.107 for 2058
reflections (R; = 0.035 for 1358 reflections with
F>4¢(F) S=1.008). The final atomic coordinates,
molecular geometry parameters, and crystallo-
graphic data of compound 16 were deposited in
the Cambridge Crystallographic Data Center,
12 Union Road, CB2 1EZ, UK (fax: +44-1223-
336033; e-mail: deposit@ccdc.cam.ac.uk) and
is available on request quoting the deposition
number CCDC 2022921.

5-Dibromomethyl-6-brom-7-phenyl[1,2,4]tri
azolo[1,5-aJpyrimidine (17). Bry (3 mmol) was
added to the solution of aldehyde 5 (1 mmol) in
2 ml AcOH and the reaction mixture was kept
at room temperature for 48 hours. Then mix-
ture was neutralised by 40 % aqueous solution
of NaOH, amorphous precipitate of compound
17 was filtered off and recrystallized from 2-
PrOH. Yield 250 mg (56%), mp 190-193 °C. 'H
NMR spectrum (400 MHz, DMSO-dy), 6, ppm:
7.54 (1H, s, CH); 7.60-7.64 (5H, m, Ph); 8.66
(1H, s, 2-CH). 13C NMR (100 MHz, DMSO-dy)
6: 42.09 (CH), 104.05, 128.99, 129.93, 130.44,
131.39, 148.77, 153.58, 157.47, 157.90, 158.43,
159.17. C;oH,;N,Br;. Mass spectrum, m/z (I,
%): [M]* 448 (5), 446 (15), 367 (100), 207 (11),
180 (17), 152 (10).

The X-ray diffraction study for compound (17).
Thecrystals0f17(C12H BrgN aretriclinic. At20°C
a = 8.8421(6) A, b=10.0024(7) A, ¢ = 15.8668(10)
A a=82. 682(5)°, = 82.534(5)°, y = 89.926(5)°, V=
1379.90(16) A3 M = 446.95, Z=4, space group P1,
d,.=1.416 g/cm m(MoK,) = 8.760 mm- -1
F(000) = 848. Intensities of 9257 reﬂections
(4838 independent, R; ;=0.053) were measured
on the «Xcalibur-3» diffractometer (graphite
monochromated MoKa radiation, CCD detec-
tor, @-scaning, 20, = 50°).

The structure was solved by direct method
using SHELXTL program package [19]. The ab-
sorption correction was done using ‘multi-scan’
method (T, ;, = 0.353, T, = 0.668). Positions
of the hydrogen atoms were located geometri-
cally and refined using the riding model with
U, = 120, eq of the carrier atom. Full-matrix
least-squares refinement against F2 in aniso-
tropic approximation for non-hydrogen atoms
to wR, = 0.110 for 4838 reflections (R; = 0.058
for 2454 reflections with F>4s(F), S = 0.905).
The final atomic coordinates, molecular geom-
etry parameters, and crystallographic data of
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compound 17 were deposited in the Cambridge
Crystallographic Data Center, 12 Union Road,
CB2 1EZ, UK (fax: +44-1223-336033; e-mail:
deposit@ccdc.cam.ac.uk) and is available on
request quoting the deposition number CCDC
2022924.
5-Methyl-7-phenyl[1,2,4]triazolo[1,5-
alpyrimidine-6-carbaldehyde (18). The solution
of aldehyde 5 (2.1 mmol) in 5 ml AcOH with
CrO; (4 mmol) was refluxed for 1.5 h. The re-
action mixture was cooled and amorphous pre-
cipitate of compound 18 was filtered, and crys-
tallized from MeOH. Yield 111 mg (23%), mp
195-197°C. IR spectrum, v, cm~1: 1696 (C=0).
!H NMR spectrum (200 MHz, DMSO-dy),
6, ppm: 2.87 (3H, s, CHy); 7.67-7.71 (5H, m,
Ph); 8.68 (1H, s, 2-CH); 9.74 (1H, s, CHO).
Found, %: C 65.51; H4.17; N 23.48. C;3H,,N,O0.
Calculated, %: C 65.55; H 4.20; N 23.53. Mass
spectrum, m/z (I, %): 237 [M-H]* (10), 210
(100), 209 (62), 195 (15), 127 (10), 77 (12).
6-Formyl-7-phenyl-4,7-dihydro[1,2,4]triazo
lo[1,5-a]pyrimidine-5-carboxylic acid (19). The
mixture of aldehyde 5 (2.1 mmol) and SeO,
(3.2 mmol) in 4 ml AcOH was refluxed for
4 h. Precipitate of Se was filtered from hot re-
action mixture. After cooling of this solution
white amorphous precipitate of compound 19
was obtained and crystallized from MeOH.
Yield 290 mg (51%), mp 198-201 °C. IR spec-
trum, v, cm™1: 3350-2600 (NH, COOH), 1716
(C=0), 1652 (C=0, C=C). 'H NMR spectrum
(200 MHz, DMSO-dg), 6, ppm: 6.34 (1H, s,
7-CH); 7.16-7.31 (6H, m, Ph); 7.74 (1H, s, 2-
CH); 9.80 (1H, s, CHO); 11.13 (1H, br.s, NH);
11.61 (1H, br.s, OH). Found, %: C 57.72; H 3.66;
N 20.77. C;3H;(N,O4. Calculated, %: C 57.78;
H 3.70; N 20.74. Mass spectrum, m/z (I, %):
270 [M]* (6), 195 (23), 175 (20), 140 (17), 120
(19), 115 (28), 105 (11), 92 (20), 77 (100), 76
(82), 51 (63), 44 (31).
9-Phenyl-4,9-dihydro[1,2,4]triazolo[1°,5:1,
2lpyrimido[4,5-d]pyridazin-5(6 H)-one (21) The
mixture of compound 19 (1 mmol) with 1 ml 45
% NoH, -H,0 in 4 ml 2-PrOH was heated under
reflux for 20 min. The solution was cooled; ob-
tained precipitate was filtered off and crystal-
lized from 2-PrOH to afford the target product.
Yield 160 mg (60 %), cream-colored amorphous
powder, mp > 300 °C. IR spectrum, v, cm™1:
3280-2750 (NH), 1664 (C=0). 'H NMR spec-
trum (200 MHz, DMSO-dy), 6, ppm: 6.68 (1H,
s, 9-CH); 7.21-7.34 (5H, m, Ph); 7.49 (1H, s,
8-CH); 7.70 (1H, s, 2-CH); 11.31 (2H, br.s, NH).
Found, %: C 55.07; H 3.45; N 29.47. C,3H;,NO.
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Calculated, %: C 55.31; H 3.55; N 29.79. Mass
spectrum, mlz (I, %): 266 [M — NHy]" (9),
[M — NH,, — C;H;]* 189 (26), 77 (100), 51 (43),
44 (22).

5-((4,7-Dihydro-5-methyl-7-phenyl[1,2,4]tr
tazolo[1,5-alpyrimidin-6-yl)methylene)-2,2-di-
methyl-1,3-dioxane-4,6-dione (24) The mixture
of aldehyde 5 (1 mmol) with Meldrum’s acid
23 (1.5 mmol) in 2 ml DMF was left at
room temperature for 5 days. Obtained pre-
cipitate was filtered off and crystallized from
MeOH. Yield 92 mg (25%), mp 250-253(dec) °C.
IR spectrum, v, cm~1: 3170-2500 (NH), 1736
(C=0). 'H NMR spectrum (200 MHz, DMSO-
dg), 6, ppm: 0.77 (3H, s, CHy); 1.42 (3H, s,
CH,); 2.59 (3H, s, 5-CH,); 7.01(1H, s, 7-CH);
7.20-7.28 (6H, m, Ph); 7.79 (1H, s, 2-CH); 8.24
(1H, s, -CH=); 12.63 (1H, br.s, NH). 13C NMR
(100 MHz, DMSO-dy) &: 18.59 (CH;), 25.09
(CH,), 26.48 (CHj), 59 .44 (7-C), 102.95, 103.30
(6-C), 106.20, 128.51, 128.57, 129.03, 129.11,
129.20, 129.81, 139.61, 144.89 (2-C), 150.23,
150.81 (-C=C), 158.11 (CO) 158.15 (CO).
Found, %: C62.25;H4.88;N 15.27.C,(H,gN,O,.
Calculated, %: C 62.30; H 4.92; N 15.30. Mass
spectrum, m/z (I,,;, %): 308 [M- ((CH4),CO)]*
(32), 264 (42), 236 (100), 222 (54), 187 (60), 77
(25).

The interaction of aldehyde 5 with barbituric
acids 25-27: general procedure. A. The mixture
of aldehyde 5 (1 mmol) with barbituric acid
25 (1 mmol) in 2 ml AcOH was heated under
reflux for 5 min and obtained red amorphous
precipitate of compound 31 was filtered off
from hot reaction mixture. Ylidene derivative
28 as orange crystal precipitate was isolated
after cooling the reaction mixture. Then residue
solution was neutralized by aqueous solution of
the Na,CO4 and compound 4 was isolated with
yield 59 mg (28%).

B. The mixture of aldehyde 5 (2 mmol) with
barbituric acid 25 (1 mmol) in 2 ml DMF
heated under reflux for 5 min and obtained red
amorphous precipitate of compound 31 was
filtered off from hot reaction mixture. Ylidene
derivative 28 as orange crystal precipitate was
isolated after cooling the reaction mixture.
Then residue solution was diluted by10 ml of
i-PrOH and compound 4 was isolated with yield
63 mg (30%).

Compounds 29, 30 and 32, 33 were synthe-
sized from dimethylbarbituric 26 and thiobar-
bituric 27 acids correspondingly by the same
procedure.

Functional materials, 32, 3, 2025
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5-((4,7-Dihydro-5-methyl-7-phenyl-
[1,2,4]triazolo[1,5-a]pyrimidin-6-yl)methylene)-
pyrimidine-2,4,6(1H,3H,5H)-trione (28): Yield
by method A: 116 mg (33%), by method B: 53
mg (15%) mp 295-298°C. IR spectrum, v, cm™L:
3308-2800 (NH), 1708 (C=0), 1688 (C=0). 1H
NMR spectrum (400 MHz, DMSO-d,), 6, ppm:
2.50 (3H, s, CHy); 6.98-7.23 (5H, m, Ph); 7.59
(1H, s, 7-CH); 7.80 (1H, s, 2-CH); 8.20 (1H,
s, -CH=); 10.89 (2H, br.s, 2(NH)); 12.04 (1H,
br.s, NH). 13C NMR (100 MHz, DMSO-dy) &:
18.45(CH,), 59.13 (7-C), 107.50, 107.90, 126.88,
127.21,128.17, 128.57, 128.92, 141.20, 145.86,
150.47, 150.52, 150.61, 150.86, 156.16, 156.22,
163.98. Found, %: C 58.25; H 4.05; N 23.97.
C,7H{4NgOg. Calculated, %: C 58.29; H 4.00;
N 24.00. Mass spectrum, m/z (I}, %): 350[M]*
(57), 332 (20), 273 (18), 255 (32), 221 (58), 194
(100), 128 (55), 104 (22), 77 (28), 42 (50).

5-((4,7-Dihydro-5-methyl-7-phenyl-
[1,2,4]triazolo[1,5-aJpyrimidin-6-yl)methylene)-
1,8-dimethylpyrimidine-2,4,6(1H,3H,5H)-tri-
one (29): Yield by method A: 121 mg (32%), by
method B: 45 mg (12%) mp 288-291°C. IR spec-
trum, v, cm~1: 3100-2800 (NH), 1724 (C=0),
1652 (C=0). 'TH NMR spectrum (200 MHz,
DMSO-dy), 6, ppm: 2.51 (3H, s, CHj;); 3.14 (6H,
s, 2(CHy)); 6.95-7.18 (5H, m, Ph); 7.48 (1H, s,
7-CH); 7.78 (1H, s, 2-CH); 8.25 (1H, s, -CH=);
12.37 (1H, br.s, NH). Found, %: C 60.35; H 4.78;
N 22.28. C;gH;gN:O;. Calculated, %: C 60.32;
H 4.76; N 22.24. 15C NMR (100 MHz, DMSO-
dg) 6: 28.48 (CHy), 36.22, 59.17, 126.42, 127.22,
127.26, 128.46, 128.48, 128.80, 128.87, 129.32,
141.12, 141.16, 146.25, 146.45, 150.86, 150.90,
162.09, 162.78. Mass spectrum, m/z (I, %):
378[M]* (32), 363 (61), 334 (58), 222 (100), 210
(33), 196 (27), 181 (22), 161 (23), 152 (23), 77
(20).

Dihydro-5-((4,7-dihydro-5-methyl-7-phe-
nyl-[1,2,4]triazolo[1,5-aJpyrimidin-6-yl)methy-
lene)-2-thioxopyrimidine-4,6(1H,5H)-dione(30).
Yield by method A: 110 mg (30%), by method B:
37 (10%) mp 295-298°C. IR spectrum, v, cm™1:
3328-2800 (NH), 1696 (C=0). 'H NMR spec-
trum (200 MHz, DMSO-dy), 6, ppm: 2.55 (3H, s,
CH,); 6.99-7.24 (5H, m, Ph); 7.62 (1H, s, 7-CH);
7.86 (1H, s, 2-CH); 8.25(1H, s, -CH=); 11.99
(2H, br.s, NH). 13C NMR (100 MHz, DMSO-dy)
6:36.22 (CH,), 79.66 (7-C), 117.28 (6-C), 126.21,
127.16, 128.61, 128.71, 128.96, 129.91, 139.53,
141.04 (2-C), 141.63, 142.09 (-C=C), 161.60
(CO), 162.77 (CO), 177.44 (C=S). Found, %: C
55.70; H 3.78; N 22.97; S 8.70. C;,H,,N;0,S.
Calculated, %: C 55.74; H 3.83; N 22.95; S 8.74.
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Mass spectrum, m/z (I, %): 366[M]* (7), 351
[M-CH4]* (15), 322 [M-CO,]* (10), 261 (10),
240 (20), 209 (35), 194 (20), 163 (43), 155 (23),
144 (100), 135 (55), 115 (67), 77(35), 69 (83), 59
(52).
5-((E)-2-(6,7-dihydro-7-phenyl-[1,2,4]tri-
azolo[1,5-alpyrimidin-5(4H)-ylidene)ethylide-
ne)pyrimidine-2,4,6(1H,3H,5H)-trione (31).
Yield by method A: 112 mg (32%), by method B:
175 mg (50%) mp > 300°C. IR spectrum, v, cm~
1. 3320-2800 (NH), 1728 (C=0), 1684 (C=0). 1H
NMR spectrum (400 MHz, DMSO-d;), 6, ppm
(J, Hz): 3.64-3.72 (2H, d.d, J,5 = 16, CH,,p);
5.73-5.76 (1H, t, J4x = 5.2, Jgx = 5.6 CHy);
7.09-7.12 (2H, d, J = 8, Ph); 7.30-7.39 (3H, m,
Ph); 7.57 (1H, d, J45 = 13.6, -CH=); 7.82 (1H,
s, 2-CH); 8.03 (1H, d, J,5 = 13.6, -CH=); 10.74
(1H, s, NH); 10.84 (1H, s, NH); 12.31 (1H, br.s,
NH). 13C NMR (100 MHz, DMSO-d,) 8: 31.44
(6-CH,), 56.04 (7-CH), 105.56 (=CH-), 106.28
(-HC=), 126.78, 126.78, 129.03, 129.58, 129.58,
139.15, 148.99, 150.58, 150.80 (2-CH), 151.20
(CO), 159.09 (5-C), 164.39 (CO), 164.66 (CO).
Found, %: C 58.32; H4.20; N 23.99. C;,H, ;,N;O.
Calculated, %: C 58.29; H 4.00; N 24.00. Mass
spectrum, m/z (I, %): 350[M]* (13), 255 (15),
223 (43), 194 (55), 149 (30), 135 (70), 128 (100),
77 (45).
5-((E)-2-(6,7-dihydro-7-phenyl-[1,2,4]triazo-
lo[1,5-a]pyrimidin-5(4H)ylidene)ethylide-ne)-
1,3-dimethylpyrimidine-2,4,6(1H,3H,5H)-tri-
one (32). Yield by method A: 125 mg (33%), by
method B: 201 (563%) mp > 300°C. IR spectrum,
v, em~1: 3050-2750 (NH), 1720 (C=0), 1636
(C=0). 'H NMR spectrum (200 MHz, DMSO-
dg), 6, ppm (J, Hz): 3.13 (6H, s, 2(CHy)); 3.64
(2H, m, CHyyp); 5.76 (1H, t, J4x = 4.2, Jpx =
5.2, CHy); 7.11-7.36 (5H, m, Ph); 7.60 (1H, d,
J,p=13,-CH=); 7.81 (1H, s, 2-CH); 8.02 (1H, d,
Jyp = 13, -CH=); 12.85 (1H, br.s, NH). Found,
%: C 60.28; H 4.74; N 22.27. C,4H;gN;O,. Cal-
culated, %: C 60.32; H 4.76; N 22.22. Mass spec-
trum, m/z (I, %): 378[M]* (88), 301[M-CH;]*
(100), 263 (21), 223 (35), 138 (12), 77 (20).
Dihydro-5-((E)-2-(6,7-dihydro-7-phenyl-
[1,2,4]triazolo[1,5-a]pyrimidin-5(4H)-ylidene)-
ethylidene)-2-thioxopyrimidine-4,6(1H,5H)-di-
one (33). Yield by method A: 106 mg (29%), by
method B: 179 (49%) mp > 300°C. IR spectrum,
v, cm~1: 3312-2800 (NH), 1672 (C=0). 'H NMR
spectrum (200 MHz, DMSO-dy), 6, ppm (J, Hz):
3.72(2H, m, CH,4p); 5.73 (1H, t, J4,x= 5.8 Jpx
=5.6, CHy); 7.09-7.36 (5H, m, Ph); 7.60 (1H, d,
Jup =12, -CH=); 7.85 (1H, s, 2-CH); 8.07 (1H,
d, J45 =12, -CH=); 11.86 (2H, br.s, NH); 12.75
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(1H, s, NH). 13C NMR (100 MHz, DMSO-dy)
6: 31.38 (6-CH,), 55.80 (7-CH), 105.90 (=CH-),
106.33 (-HC=), 126.62, 128.81, 128.84, 129.30,
129.33, 138.65, 148.50, 150.52 (2-CH), 151.18,
161.27,162.01 (CO), 162.58 (CO), 177.88 (C=S).
Found, %: C 55.77; H 3.79; N 22.98; S 8.69.
C,7H,4,NgO,S. Calculated, %: C 55.74; H 3.83;
N 22.95; S 8.74. Mass spectrum, m/z (I, %):
366 [M*] (18), 348 (17), 291 (11), 265 (25), 221
(84), 194 (100), 168 (19), 144 (80), 116 (20), 77
(25).

The X-ray diffraction study for compound
(28). The crystals of 28 (C;H4;N¢O3, H,0)
are triclinic. At 20°C o = 11.4063(9) A, b =
12.1936(9) A, ¢ = 13.154(1) A, a = 80.475(7)°, 8
= 79.938(7)°, y = 81.419(6)°, V = 1762.9(2) A3,
M, = 368.36, Z=4, space group P1, d_,;,=1.388
g/ems, m(MoK,) = 0.103 mm"!, F(000) = 768.
Intensities of 11760 reflections (6200 indepen-
dent, R, ;=0.066) were measured on the «Xcali-
bur-3» diffractometer (graphite monochromat-
ed MoKa radiation, CCD detector, o-scaning,
20, ., = 50°).

The structure was solved by direct method
using SHELXTL program package [19]. Posi-
tions of the hydrogen atoms were located geo-
metrically and refined using the riding model
with U,  =nU_  of the carrier atom (n=1.5 for
methyl group and n=1.2 for other hydrogen
atoms). Full-matrix least-squares refinement
against F2 in anisotropic approximation for
non-hydrogen atoms to wR, = 0.180 for 6200
reflections (R; = 0.072 for 2306 reflections with
F>45(F), S = 0.885). The final atomic coordi-
nates, molecular geometry parameters, and
crystallographic data of compound 28 were
deposited in the Cambridge Crystallographic
Data Center, 12 Union Road, CB2 1EZ, UK
(fax: +44-1223-336033; e-mail: deposit@ccdec.
cam.ac.uk) and is available on request quoting
the deposition number CCDC 2022926.

3. Results and discussion

The  5-methyl-7-phenyl-4,7-dihydro-1,2,4-
triazolo[1,5-a]pyrimidine 4 (Scheme 2) with its
an enamine moiety —NH-CH=CH-, represents
ambident nucleophile. The nitrogen atom N(4)
is its hard and the carbon atom C(6) is its soft
centre. In our previous study, we showed that
alkylation takes place at the N(4) atom but not
at the C(6) atom, when soft electrophile CH,I
or hard electrophile Me,SO, were used [15].
The opposite results were obtained when the
alkylation of compound 4 was performed us-
ing carbonyl 1,3-bielectrophiles in the presence
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Ph Ph
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kN/)\N Me kNJ\H Me
4 5
Scheme 2. Basic dihydro-1,2,4-triazolo[1,5-

a]pyrimidines in this research.

of sodium methoxide. Under these conditions
triazolopyrimidine 4 undergoes alkylation at
C(6) atom followed by cyclocondensation to
yield 4,7,8,9-tetrahydro-1,2,4-triazolo[5,1-
b]quinazoline [16]. The carbon atom C(6) also
became the centre of electrophilic attack in the
oxidation reaction by air oxygen in alkali solu-
tions or under nitrosation by NaNO, in acidic
conditions [17]. Formylation of triazolo[1,5-
alpyrimidine 4 in Vilsmeier—Haack reaction
leads to 5-methyl-7-phenyl-4,7-dihydro-1,2,4-
triazolo[1,5-a]pyrimidin-6-ylcarbaldehyde 5
(Scheme 2) with high yield [19]. The chemical
properties of this aldehyde remained unknown
until now. In this study, we aimed to estimate
synthetic potential of the compound 5 and its
derivatives in different reactions such as nu-
cleophile addition at carbonyl group, oxidative
transformations and condensations.

Crotonaldehyde moiety of compound 5 could
be considered as the basis for the synthesis of
new heterocycles. However, electrophilic prop-
erties of its carbonyl group are decreased due to
conjugation with enamine fragment. It reacts
smoothly only with active nucleophiles such as
hydrazine, hydroxylamine and benzylamine
(Scheme 3). Compounds 7 and 9 were not iden-
tified as products of the subsequent cyclization
of hydrazone 6 and oxime 8. This aldehyde 5
differs from its 4,5-dihydro-6-acetyl analogue,
which forms with hydrazine and hydroxylamine
fused pyrazoline and isoxazoline systems re-
spectively under the same conditions [20].

Compounds such as 7 and 9 are known to be
unstable. The opening of the dihydropyrimidine
cycle is observed under acidic conditions [20].
Based on this, compounds 11 and 12 were syn-
thesized in order to reliably distinguish the hy-
drazine fragment from the amino group of the
triazole ring in the possible hydrolysis products
of compounds 7 and 9 using spectral methods
(Scheme 4). Attempts to carry out intramolecu-
lar cyclization of hydrazone 6 by refluxing in
DMF or nitrobenzene led to azine 13.

The structure of azine 13 rather than
pyrazoline 7 is proven by the presence of a
low-intensity peak of a molecular ion with

Functional materials, 32, 3, 2025
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Scheme 3. Reactions of aldehyde 5 with active nitrogen-containing nucleophiles
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X
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kN/)\N Me
H

13 (88 %)

Scheme 4. Chemical transformations of hydrazone 6.

m/z 476 and an intense peak with m/z 238 in
the mass spectrum of compound 13, which cor-
responds to half the molecular weight of the
studied molecule.

Oxime 8 undergoes dehydration under the
high temperature conditions and yields nitrile
14 (Scheme 5). A similar result was obtained
in the reaction of the compound 8 with chloro-
acetyl chloride in dioxane. Alkylation of the ox-
ime 8 by Mel in superbasic media (KOH-DMF)
leads to dimethylderivative 15.

One of the possible ways to increase the
electrophilic properties of the carbonyl group
in compound 5 is the heteroaromatization of
the dihydropyrimidine ring. An attempt to
make such a transformation in the mixture
HNO3-AcOH led to the nitro derivative 16
(Scheme 6). We confirmed its structure by IR,

Functional materials, 32, 3, 2025

'H NMR, mass-spectroscopic data and final-
ly by X-ray diffraction (Fig. 1). In the crystal
phase, the phenyl and nitro groups of the mol-
ecule 16 are noticeably rotated in relation to
the triazolopyrimidine bicyclic fragment (the
N2-C2-C6-C7 and 0O2-N5-C3-C4 torsion
angles are -70.7(2)° and -69.4(2)° respectively)
due to repulsion between vicinal substituents.
As a result, the conjugation between these sub-
stituents and the pyrimidine ring is disturbed.

Thus, in the process of conversion of alde-
hyde 5 to nitro derivative 16, a cascade of reac-
tions is observed, which includes oxidation of
the dihydropyrimidine ring and the carbonyl
group, decarboxylation and electrophilic sub-
stitution at the C(6) atom. Another way is not
excluded. It consists in the oxidation of the di-
hydropyrimidine system and decarbonylation
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Scheme 5. Chemical transformations of oxime 8.
Ph Ph
Nm_)N\\ NO; . HNOj3 - AcOH CrO;3- AcOH Nl_NJ\fO
z orNaNO, - AcOH
N/ N Me 2 A kN/)\N/ Me
r.t., o
16 (20 %) Bry /ACOH 18 (23 %)
Ph
Br
N—/—N"

A7

CHBQ

17 (56 %)
Scheme 6. Reaction of aldehyde 5 with oxidizing reagents.

as a result of ipso-attack with nitronium cat-
ion. However, the first option is more likely,
because the test with PdCl, for the presence of
CO was negative.

It 1s known that dihydroazolopyrimidines
are easily oxidized by Br, in AcOH [15]. How-
ever, heteroaromatization of the aldehyde 5 un-
der these conditions led to tribromo derivative
17 (Scheme 6). In this case bromination of the
allylic moiety, oxidation of the carbonyl group,
decarboxylation and electrophilic substitution
at the C(6) atom were observed. We confirmed
structure of the compound 17 by IR, 'H NMR,
mass-spectroscopic data and finally by X-ray
diffraction (Fig. 2). The bromine substituent at
the C4 atom in molecule 17 is less bulk as com-
pared to the nitro group in molecule 16. Howev-
er, the phenyl ring is noticeably rotated in rela-
tion to the bicyclic fragment in both molecules
(A and B) found in the unit cell asymmetric
part (the N3—-C3—-C7-C8is -65.3(1)° in molecule
A and 70.0(1)° in molecule B) that also leads
to disturbing of the conjugation between this
substituent and the pyrimidine ring.

Target aldehyde 18 was obtained with low
yield (23 %) by oxidation of the compound 5 by
CrOj5 in AcOH medium (Scheme 6).

The conversion of the methyl group to the
carboxyl one with preservation the dihydro-
structure of the pyrimidine ring and the formyl
moiety took place by refluxing the aldehyde 5
for 3 hours with SeO, in AcOH (Scheme 7).
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Figure 1. The molecular structure of the com-
pound 16 according to the X-ray diffraction data.
Thermal ellipsoids of atoms are shown at 50%
probability level.

The choice between the structures 19 and 20
in favor of the former made according to NOE
experiment for the reaction product of the acid
19 with hydrazine hydrate. The change in the
resonance conditions of the C(9)H proton is re-
flected in the ortho-protons of the phenyl ring
and the C(8)H proton, which is possible only

Functional materials, 32, 3, 2025
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Scheme 7. Oxidation of aldehyde 5 by SeO, and condensation of the resulting acid 19 with hydrazine

hydrate.

Scheme 8. The results of NOE experiment for
the compound 21.

in the case of the formation of pyridazinone 21
(Scheme 8).

The ability of aldehyde 5 to participate in
condensations with methylene active com-
pounds was evaluated on the example of inter-
action with Meldrum’s acid 23, barbituric 25,
1,3-dimethylbarbituric 26 and thiobarbituric
27 acids. Thus, the Knoevenagel’s product 24
was synthesized with low yield at room tem-
perature in DMF (Scheme 9).

Mixtures of substances 28-30 and 31-33
were obtained by short-term (5 min) refluxing
of aldehyde 5 with barbituric acids 25-27 in
AcOH or DMF. Red colored compounds 31-33
were isolated from hot reaction mixture and
then ylidene derivatives 28-30 of the aldehyde
5 were obtained as orange amorphous precipi-
tates after cooling of the residue solution. In
addition, dihydroazolopyrimidine 4 was isolat-
ed after complete removal of the solvent. It was
found that long-term refluxing of compound 28
in AcOH or DMF does not lead to the appear-
ance of any new substances. At the same time,
the use of a double excess of aldehyde 5 relative
to barbituric acid 25 significantly increases the

Functional materials, 32, 3, 2025

Br3A

Figure 2. The molecular structure of the com-
pound 17 according to the X-ray diffraction data.
Thermal ellipsoids of atoms are shown at 50%
probability level.

yield of compound 31 and dihydrotriazolopyrim-
idine 4.

The structures of compounds 28-30 were con-
firmed by IR, 1H NMR, mass-spectroscopic data
and X-ray diffraction study for Knoevenagel’s
product 28 (Fig. 3). Dihydrotriazolopyrimidine 4
was identified by its physicochemical character-
istics reported previously [15].

The presence in the 1H NMR spectra of yli-
dene derivatives 28-30 singlets of three methine
protons and the CHg group of the pyrimidine
ring allows us to choose between methylidene
and tetracyclic derivatives 33 in favor of the for-
mer. According to elemental analysis and mass
spectra data, compounds 28-30 and 31-33 are
isomers. Characteristic features of the 1H NMR
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Scheme 9. Condensation of aldehyde 5 with heterocyclic CH-acids

Figure 3. The molecular structure of the com-
pound 28 according to the X-ray diffraction data.
Thermal ellipsoids of atoms are shown at 50%
probability level.

spectra of substances 31-33 are the presence of
proton signals that form ABX and AB systems,
and the absence of the singlet of the CH4 group
of the pyrimidine ring. The presence in the
structure of compounds 31 and 33 of three sin-
glets of the NH groups was confirmed by deutero
exchange with D,0. Two-dimensional spectra of
1H-13C heteronuclear correlation HMQC and
HMBC were recorded in order to assign olefin
proton signals. The coordinates of the detected
cross-peaks are given in Table 1. The most im-
portant HMBC correlations that became the ba-
sis for proving the structure of compound 31 are
presented in Scheme 10.
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Based on the structure of compounds 31-33,
the following mechanism for the formation of
these partially hydrogenated triazolopyrimi-
dines can be proposed (Scheme 11). It includes
the Knoevenagel condensation, the subsequent
Michael addition of aldehyde 5, the elimination
of dihydroazolopyrimidine 4 and decarbonylation
or oxidation and decarboxylation. In favor of de-
carboxylation is evidenced by a negative test for
the presence of CO conducted using PdCL,.

It was not possible to isolate and character-
ize Michael’s adducts 34 in any of the experi-
ments due to the rapid elimination of the dihy-
droazolopyrimidine fragment.

Thus, the interaction of aldehyde 5 with bar-
bituric acids 25-27 occurs as a domino reaction
and leads to triazolo[1,5-a]pyrimidin-5(4H)-
ylidene)ethylidene)pyrimidinones 31-33. Such
chain of transformations was first discovered
in a series of dihydroazolopyrimidine deriva-
tives. It has some analogy with the reactions
known for methylisoquinoline [21] but differs
in a number of stages because, in addition to
Knoevenagel condensation, Michael addition
and cleavage of the readily eliminating group, it
includes oxidation and decarboxylation steps.

4. Summary and Conclusions

Therefore, the presence of partially hydro-
genated pyrimidine, allyl and formyl fragments
in the structure of 5-methyl-7-phenyl-4,7-dihy-
dro-1,2,4-triazolo[1,5-a]pyrimidine-6-carbalde-
hyde opens up wide possibilities for selective

Functional materials, 32, 3, 2025
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Table 1. Coordinates of cross-peaks in the spectra HMQC and HMBC for compound 31

5, ppm HMQC HMBC
12.4 - -

10.84 106.3

10.77 - 106.3

8.04 150.6 164.7; 160.4; 159.1
7.82 150.8 140.0

7.57 105.6 31.4

7.37 129.6 139.2; 129.6; 126.8
7.32 129.0 126.8

7.11 126.8 129.0; 126.8; 56.0
5.75 56.04 129.0; 149.0; 139.2; 126.8; 31.4
3.68 31.4 159.1; 139.2; 56,0

10,84

Scheme 10. Selected correlations in 'H-13C
HMBC spectra of compound 31.

interaction with various oxidizing reagents and
cyclic CH-acids, namely:

- under the action of HNOj in the presence
of acetic acid, 5-methyl-6-nitro-7-phenyl[1,2,4]t
riazolo[1,5-a]pyrimidine is formed;

- SeO, under acidic conditions oxidizes the
methyl group, forming 5-carboxy-7-phenyl-4,7-
dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-carb-
aldehyde;

-oxidation of CrO4leadsto5-methyl-7-phenyl-
1,2,4-triazolo[1,5-a]pyrimidine-6-carbaldehyde;
- the interaction of aldehyde 5 with barbituric ac-
1ds proceeds as a domino reaction and ends with
the formation of mixtures of 5[(5-methyl-7-phe-
nyl-4,7-dihydro[1,2,4]triazolo[1,5-a]pyrimidin-
6-yl)methylene]pyrimidine-2,4,6-triones and
(triazolo[1,5-a]pyrimidinylidene-5)-2-(3,5-di-
azo-2,4,6-trioxo-1-cyclohexylidene)ethanes with
5-methyl-7-aryl-4,7-dihydro-1,2,4-triazolo[1,5-
a]pyrimidine. In this case dihydrostructure of
the pyrimidine ring is preserved.

Functional materials, 32, 3, 2025

[0]

— 31 + 4
Cco,

28 + 5 —>

34

Scheme 11. Proposed mechanism for the forma-
tion of these partially hydrogenated triazolopy-
rimidines 31-33.
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