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A three-component system of one-pot synthesis of [1,2,4]triazolo[1,5-a]pyrimidine derivatives using conden-
sation of 1,3-dicarbonyl compounds, aldehydes, and 5-amino[1,2,4]triazole in ethanol without any catalyst was
reported in high yields via simple, efficient, and environmentally friendly process. The method reported herein
considered a green process; this method has significant advantages of simple workup procedure, excellent yield,
minimal environmental pollution, and short reaction time over classical reported methods.
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INTRODUCTION

Green chemistry has become a subject of intensive
research and important focuses within organic synthesis;
thus, it attracts more scientists and researchers to work in
this area. Also, green chemistry and its applications [1-7]
in synthetic organic chemistry are to reduce the use of
hazardous chemicals and formation of waste products that
concern the environment [8—11]. In recent years, most
researchers have been focusing on developing environ-
mentally benign reactions. The various methodologies
and routes have been developed for these purposes, from
the requirements of a green synthesis methodology is
the use of eco-friendly solvents, catalyst, and nontoxic
chemicals [12-17]. The environmentally benign synthetic
methods have received considerable attention, and some
uncatalyzed reactions have been developed [18]. In the
green chemistry, it is the marriage of economic and
environmental aspects for the new reactions. Thus, many
researchers tend to use multicomponent reaction strategy.
It has been found that the three-component condensation
constitutes an especially attractive synthetic strategy for
rapid efficient route because the products are formed in
single step without isolation of any intermediate, thus
reducing reaction time, energy, and material use [19-39].
The Biginelli reaction [40,41] is one of the most important
examples of multicomponent reaction for the synthesis of

dihydropyrimidinone due to its wide range of biological
activities [42—-45]. The reactions described herein are
comparable intrinsically with the Biginelli reaction type,
using analogous amino azoles as alternative to urea/thiourea
in classical Biginelli reaction [38,39,46-48]. However,
work in this field has not lost current interest because of
varying reagents, catalysts, and conditions used in similar
reactions. Recently, the Biginelli reaction was developed
for the synthesis of [1,2,4]triazolo[1,5-a]pyrimidine and
its derivatives because of their remarkable diverse thera-
peutic and pharmacological activities such as analgesic,
anticonvulsant, anti-inflammatory, antimalarials, antimi-
crobial, and antifungal effects [49-52]. Owing to the
demand for an environmentally benign, green methodolo-
gies and continuing the interest for the synthesis of
heterocyclic compounds [53-58], the synthesis of [1,2,4]
triazolo[1,5-a]pyrimidine via a three-component system
under reflux without any catalyst have been reported
herein (Scheme 1).

RESULTS AND DISCUSSION

The general method for the synthesis of [1,2,4]triazolo
[1,5-a]pyrimidine involves cyclocondensation of amino-
triazole with o,B-unsaturated carbonyl compounds [59,60].
As a part of our interest in using the simple methods for
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Scheme 1. Synthesis of [1,2,4]triazolo[1,5-a]pyrimidine derivatives.
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the synthesis of various heterocyclic compounds [61-64], a
very simple, green, and efficient method for the development
of a one-pot synthesis of [1,2,4]triazolo[1,5-a]pyrimidine deri-
vatives by three-component condensation of aliphatic, various
aromatic, and heterocyclic aldehydes with 1,3-dicarbonyl
compounds (ethyl acetoacetate, acetyl acetone, and diethyl
malonate) and 5-amino[1,2,4]triazole have been reported.
The reaction was carried out under reflux in ethanol without
any catalyst. The progress of the reaction was monitored by
TLC; after completion, the reaction mixture was cooled at
room temperature, and the solvent was concentrated under
vacuum. The obtained solid was filtered off, dried, and
recrystallized from proper solvent (see Experimental section).
The structure of the products was confirmed by IR, 'H NMR,
3C NMR, MS spectroscopy, and elemental analysis. The
previous method was examined by the use of several alde-
hydes with different 1,3-dicarbonyl compounds under the
same reaction conditions. It has been found that the reaction
proceeds very easy to give [1,2,4]triazolo[1,5-a]pyrimidine
derivatives in excellent high yields. A proposed mechanism
to account for the formation of [1,2,4]triazolo[1,5-a]pyrimi-
dine derivatives is shown in Schemes 2 and 3. Two possible
isomeric structures of 7-aryl/alkyl-4,7-dihydro[1,2,4]triazolo
[1,5-a]lpyrimidine [8-10] and 5-aryl/alkyl-4,5-dihydro
[1,2,4]triazolo[1,5-a]pyrimidine [14] could be obtained
theoretically according to the plausible mechanism for the
synthesis of [1,2,4]triazolo[1,5-a]pyrimidine. A pyrimidine
ring could be formed with participation of NH or NH,
of 3-amino[1,2,4]triazole with arylidene dicarbonyl com-
pounds 3 to form two expected isomers 810 and/or 14.
As a start, the aldehyde is condensed with active methylene
of 1,3-dicarbonyl compounds forming o,B-unsaturated
carbonyl compounds 3 in situ via Knoevenagel reaction; this
is followed by Michael reaction of NH of 5-amino[1,2,4]-
triazole 4 with o, B-unsaturated carbonyl compounds 3
forming the intermediates 5-7 (Scheme 2) or by addition of
NH, of 5-amino[l,2,4]triazole 4 with o,B-unsaturated
carbonyl compounds 3 to form the intermediates 11-13
(Scheme 3). Finally, after intramolecular cyclization, the
expected isomeric products 8-10 or 14 are formed.
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Scheme 2. (Route a) Plausible mechanism for the formation of 7-aryl/
alkyl-4,7-dihydro[1,2,4]triazolo[1,5-a]pyrimidine derivatives.
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Scheme 3. (Route b) Plausible mechanism for the formation of 5-aryl/
alkyl-4,5-dihydro[1,2,4]triazolo[1,5-a]pyrimidine derivatives.
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Regioselectivity of the reaction with participation of NH is
the subject of studies, and the preference was to produce
the isomers 8-10 referring to [36-39,46-48].
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CONCLUSION

In summary, the one-pot synthesis of three-component
reaction of aldehydes, 5-amino[l,2,4]triazole, and
1,3-dicarbonyl compounds that were refluxed in
ethanol for appropriate time afforded [1,2,4]triazolo
[1,5-a]lpyrimidine derivatives in good to excellent
yields as well as an improved Biginelli reaction via
Knoevenagel and Michael reactions.

EXPERIMENTAL

Melting points were determined on a Gallenkamp electrothermal
melting point apparatus and are uncorrected, IR spectra were
recorded as potassium bromide pellets using an FTIR unit Bruker
Vector 22 spectrophotometer, 'H NMR spectra were obtained
in deuterated dimethyl sulfoxide as solvent at 300 MHz and
75MHz, respectively, on a Varian Gemini NMR spectrometer
using TMS as internal standard. Chemical shifts are reported in &
units (ppm). Mass spectra were recorded on a Hewlett Packard
MS-5988 spectrometer at 70eV. Elemental analysis was carried
out at the Microanalytical Center of Cairo University, Egypt.

General procedure for the synthesis of ethyl 4,7-dihydro-
7-substituted-5-methyl-[1,2,4]triazolo[1,5-a]pyrimidine-6-
carboxylate 8a—i. A mixture of aldehyde (1 mmol), ethyl
acetoacetate (1 mmol), and 5-amino[1,2,4]triazole (1 mmol) in
10-mL ethanol was refluxed; after 3h, a precipitate was
separated during reflux. After completion of the reaction, the
precipitate was collected by filtration and recrystallized from a
proper solvent (Table 1).

Ethyl 4,7-dihydro-5,7-dimethyl-[1,2,4]triazolo[1,5-a]pyrimidine-
6-carboxylate 8a. mp 145-147°C (150-152°C ref. [36]);
Yield: 0.70 g, 80% (EtOH). IR (KBI): Vpay (in cm™") 3277 (NH),
1710 (CO); 'H NMR (8 ppm, DMSO-de): 1.19 (t, 3H, CHj),
1.43 (d, 3H, CH3), 1.63 (s, 3H, CH3), 3.99 (q, 2H, CH,), 5.46
(q, 1H, CiH), 7.77 (s, 1H, CiH), 10.59 (s, 1H, NH). °C NMR
(6 ppm, DMSO-de): 8.21, 11.22, 21.62, 31.49, 47.77, 111.43,
150.11, 150.42, 151.23, 199.12. MS (m/z %)=222 (M, 40%).
Anal. Caled for C1oH 4N4O, (222.24): C, 54.04%; H, 6.35%; N,
25.21%. Found: C, 54.44%; H, 6.39%; N, 25.32%.

Three-Component One-Pot Synthesis of [1,2,4]Triazolo[1,5-a]pyrimidine

Ethyl  4,7-dihydro-5-methyl-7-phenyl-[1,2,4]triazolo[1,5-a]
pyrimidine-6-carboxylate 8b. mp 190-192°C (190-192°C
ref. [36]); Yield: 0.84 g, 96% (dioxane/H,O). IR (KBr): vy
(in em™") 3289 (NH), 1713 (CO); 'H NMR (8 ppm, DMSO-dg):
1.12 (t, 3H, CH;), 2.33 (s, 3H, CH3), 3.88 (q, 2H, CH,), 6.36
(s, 1H, CH), 7.44 (m, 5H, Ph), 7.87 (s, 1H, CH), 10.89
(s, IH, NH). *C NMR (3 ppm, DMSO-d): 8.4, 11.76, 31.49,
47.79, 112.55, 125.70, 128.34, 129.11, 137.32, 150.12, 150.21,
155.32, 199.86. MS (m/z %)=284 (M", 45%). Anal. Calcd for
CysH6N4O, (284.31): C, 63.37%; H, 5.67%; N, 19.71%. Found:
C, 63.47%; H, 5.53%; N, 19.80%.

Ethyl 7-(4-chlorophenyl)-4,7-dihydro-5-methyl-[1,2,4]triazolo
[1,5-a]pyrimidine-6-carboxylate 8c. mp 260-262°C; Yield:
0.76 g, 87% (dioxane/H,O). IR (KBr): vy (in cm’l) 3299
(NH), 1710 (CO); 'H NMR (8 ppm, DMSO-de): 1.31(t, 3H,
CH,3), 2.30 (s, 3H, CHa), 4.19 (q, 2H, CHy), 5.88 (s, 1H, Ci»)H),
7.44 (m, 4H, Ph), 8.22 (s, 1H, CpH), 9.56 (s, 1H, NH). "*C
NMR (& ppm, DMSO-dg): 8.43, 11.78, 31.46, 47.88, 112.54,
128.34, 129.11, 131.22, 137.32, 150.11, 150.21, 155.33, 199.84.
MS (mlz %)=318 (M*, 55%). Anal. Caled for C;sH;sCIN,O,
(318.76): C, 56.52%; H, 4.74%; N, 17.58%. Found: C, 56.59%;
H, 4.80%; N, 17.63%.

Ethyl 4,7-dihydro-7-(4-methoxyphenyl)-5-methyl-[1,2,4triazolo
[1,5-a]pyrimidine-6-carboxylate 8d. mp 240-242°C; Yield:
0.84¢g, 96% (dioxane). IR (KBr): vy, (in cm™ 1Y) 3287 (NH),
1705 (CO); 'H NMR (8 ppm, DMSO-de): 1.33 (t, 3H, CHs),
2.35 (s, 3H, CHs), 2.36 (s, 3H, OCH3), 4.17 (q, 2H, CH,), 5.86
(s, 1H, C7H), 7.43 (m, 4H, Ph), 820 (s, 1H, CH), 9.58
(s, 1H, NH). >C NMR (3 ppm, DMSO-d): 8.44, 11.76, 31.49,
47.79, 55.32, 112.55, 114.21, 130.34, 130.55, 150.12, 150.21,
155.32, 157.32, 199.86. MS (m/z %)=314 (M", 50%). Anal.
Caled for Cj¢H;sN4O3; (314.34): C, 61.13%; H, 5.77%;
N, 17.82%. Found: C, 61.18%; H, 5.67%; N, 17.89%.

Ethyl 4,7-dihydro-7-(4-methylphenyl)-5-methyl-[1,2,4]triazolo
[1,5-a]pyrimidine-6-carboxylate Se. mp 235-237°C; Yield:
0.67g, 77% (dioxane/H,0). IR (KBr): Vpma (in cm™') 3290
(NH), 1709 (CO); 'H NMR (8 ppm, DMSO-ds): 1.25 (t, 3H,
CH3), 2.37 (s, 3H, CH3), 2.38 (s, 3H, CH3), 4.19 (q, 2H, CH,),
5.88 (s, IH, C7H), 7.49 (m, 4H, Ph), 8.29 (s, 1H, C(,)H), 9.68
(s, IH, NH). '°C NMR (3 ppm, DMSO-d): 8.4, 11.78, 25.33,
31.49, 47.84, 112.54, 128.34, 129.11, 131.22, 137.36, 150.12,

Table 1

Ethyl acetoacetate as 1,3-dicarbonyl compounds with 3-amino triazole and aldehydes® for the synthesis of [1,2,4]triazolo[1,5-a]pyrimidine 8a-i in
refluxing ethanol.”

Entry Product® R R, R, Time (h) mp (°C) Yield (%)¢
1 8a CH; CH; OC,H;5 4 142 80
2 8b Cg¢Hs CH; OC,H; 4 190 96
3 8c 4-Cl-C¢H, CH; OC,H;5 3 260 87
4 8d 4-CH;-CgHy CH; OC,H; 3 235 96
5 8e 4-CH;0-C¢Hy CH; OC,Hjs 3 240 77
6 8f 4-N(CH3),CeHy CH; OC,H;5 4 225 95
7 8g 4-NO,-C¢Hy CH; OC,H; 4 195 88
8 8h 2-NO,CgHy4 CH; OC,H;5 3 220 76
9 8i 2-Thienyl CH; OC,H; 4 195 88

“Various aldehydes (aliphatic, aromatic, and heterocyclic).
"The reaction occurred in ethanol without any catalyst.

“Structural assignments of the products were based on their IR, '"HNMR, and MS.

Isolated yields.
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150.21, 155.32, 199.86. MS (m/z %) =298 (M*, 55%). Anal. Calcd
for CiHgN4O, (298.34): C, 64.41%; H, 6.08%; N, 18.78%.
Found: C, 64.49%; H, 6.78%; N, 18.85%.

Ethyl 7-(4-(dimethylamino)phenyl)-4,7-dihydro-5-methyl-[1,2,4]
triazolo[1,5-aJpyrimidine-6-carboxylate 8f. mp 225-227°C;
Yield: 0.83 g, 95% (EtOH). IR (KBr): Vinax (in cm™ ') 3298 (NH),
1710 (CO); 'H NMR (3 ppm, DMSO-de): 1.31 (t, 3H, CHy),
2.33 (s, 3H, CH3), 2.38 (s, 6H, 2CH3), 4.13 (q, 2H, CH,), 5.80
(s, 1H, CxH), 7.42 (m, 4H, Ph), 8.24 (s, 1H, CpH), 9.66
(s, 1H, NH). '>C NMR (8 ppm, DMSO-d): 8.44, 11.76, 31.49,
47.75, 55.37, 40.21, 11255, 114.21, 130.37, 130.57, 150.12,
150.21, 155.32, 157.32, 199.86. MS (m/z %)=327 (M", 59%).
Anal. Caled for C17H7NsO, (327.38): C, 62.37%; H, 6.47%;
N, 21.39%. Found: C, 62.27%; H, 6.55%; N, 21.47%.

Ethyl 4,7-dihydro-5-methyl-7-(4-nitrophenyl)-[1,2,4]triazolo
[1,5-a]pyrimidine-6-carboxylate 8g. mp 195-197°C; Yield:
0.77g, 88% (dioxane/H,0O). IR (KBr): vp.x (in cm ) 3298
(NH), 1707 (CO); '"H NMR (5 ppm, DMSO-d): 1.34 (t, 3H,
CHs;), 2.15 (s, 3H, CHj3), 4.10 (q, 2H, CH,), 5.84 (s, 1H, C(,
H), 7.40 (m, 4H, Ph), 8.25 (s, 1H, C(5)H), 9.67 (s, 1H, NH). '*C
NMR (6 ppm, DMSO-de): 8.44, 11.78, 31.49, 47.79, 112.55,
114.22, 130.32, 130.57, 150.13, 150.21, 15532, 157.32,
199.86. MS (m/z %)=329 (M*, 50%). Anal. Calcd for
CsHsNsOy, (329.11): C, 54.71%; H, 4.59%; N, 21.27%.
Found: C, 54.78%; H, 4.65%; N, 21.35%.

Ethyl 4,7-dihydro-5-methyl-7-(2-nitrophenyl)-[1,2,4]triazolo
[1,5-a]pyrimidine-6-carboxylate 8h.  mp 220-222°C; Yield:
0.66 g, 76% (EtOH). IR (KBr): Vmax (in cm™") 3289 (NH), 1705
(CO); 'H NMR (8 ppm, DMSO-de): 1.37 (t, 3H, CHs), 2.16
(s, 3H, CH;), 4.10 (q. 2H, CH,), 5.85 (s, 1H, C;H), 7.42
(m, 4H, Ph), 8.25 (s, 1H, C»)H), 9.68 (s, 1H, NH). 3C NMR
(6 ppm, DMSO-de): 8.43, 11.77, 31.49, 47.79, 112.55, 114.22,
130.32, 130.59, 150.13, 150.21, 155.32, 157.37, 199.89. MS
(mlz %)=329 (M*, 50%). Anal. Calcd for C;sH;sNsO,
(329.11): C, 54.71%; H, 4.59%; N, 21.27%. Found: C, 54.77%;
H, 4.66%; N, 21.34%.

Ethyl 4,7-dihydro-5-methyl-7-(thiophene-2-yl)-[1,2,4]triazolo
[1,5-a]pyrimidine-6-carboxylate 8i. mp 195-197°C; Yield:
0.77 g, 88% (EtOH). IR (KBr): Vyuy (in cm ') 3269 (NH), 1708
(CO); '"H NMR (3 ppm, DMSO-de): 1.34 (s, 6H, 2CH3), 5.83
(S, 1H, C(7)H), 6.11 (d, 1H, C(g)H thienyl), 6.32 (d, lH, C(4)H
thienyl), 6.45 (d, 1H, Cs)H thienyl), 8.21 (s, 1H,C;)H), 9.76

Vol 000

(s, 1H, NH). '*C NMR (8 ppm, DMSO-dq): 8.42, 11.73, 31.49,
47.75, 55.37, 40.21, 112.55, 122.21, 125.37, 125.57, 150.21,
155.32, 157.32, 199.86. MS (m/z %)=291 M+ 1, 45%). Anal.
Caled for C;3H14N4O,S (290.34): C, 53.78%; H, 4.86%; N,
19.30%. Found: C, 53.89%; H, 4.99%; N, 19.45%.

General procedure for the synthesis of 1-(4,7-dihydro-5-
methyl-7-substituted|1,2,4]triazolo[ 1,5-a]pyrimidin-6-yl)ethanone
9a-h.  Aldehyde (1 mmol), aectylacetone (1 mmol) and 5-amino
[1,2,4]triazole (1 mmol) in 10 ml ethanol was heated at 90°C for
the appropriate time as mentioned in Table 2. After the
completion of reaction, as indicated by TLC, the reaction
mixture was concentrated under reduced pressure, the resulting
solid product was triturated with methanol and filtered,
recrystallized from proper solvent.

1-(5,7-Dimethyl-4,7-dihydro-[1,2,4]triazolo[1,5-apyrimidin-
6-yl)ethanone 9a. mp 170-172°C; Yield: 0.70g, 80%
(EtOH/H,0). IR (KBr): Vpa (in em™') 3267 (NH); 'H
NMR (6 ppm, DMSO-dg): 1.43 (s, 3H, CH3), 1.63 (d, 3H,
CHj), 2.24 (s, 3H, CH3), 540 (q, 1H, C)H), 7.79 (s, 1H,
CH), 10.57 (s, 1H, NH). '*C NMR (8§ ppm, DMSO-dq):
8.43, 15.22, 21.62, 56.77, 106.32, 138.21, 150.11, 151.23.
MS (mlz %)=164 (M*, 66%). Anal. Calcd for CgH;,N,
(164.21): C, 58.51%; H, 7.37%; N, 34.12%. Found: C,
58.55%; H, 7.27%; N, 34.22%.

1-(4,7-Dihydro-5-methyl-7-phenyl-[1,2,4]triazolo[1,5-a]
pyrimidin-6-yl)ethanone 9b.  mp 265-267°C; Yield: 0.83 g,
95% (EtOH). IR (KBr): Vma (in cm™') 3280 (NH); 'H
NMR (6 ppm, DMSO-dg): 1.40 (s, 3H, CH3), 1.61 (s, 3H,
CH3), 543 (s, 1H, CxH), 7.27 (s, 1H, CpH), 7.44
(m, 4H, Ph), 10.09 (s, 1H, NH). '*C NMR (5 ppm, DMSO-dj):
8.44, 1590, 56.77, 106.50, 125.70, 128.77, 129.11, 137.32,
138.32, 150.21, 151.54. MS (m/z %)=226 (M*, 49%). Anal.
Calcd for Ci3H 4Ny (226.12): C, 69.00%; H, 6.24%; N, 24.76%.
Found: C, 69.09%; H, 6.34%; N, 24.65%.

1-(7-(4-Chlorophenyl)-4,7-dihydro-5-methyl-[1,2,4]triazolo
[1,5-a]pyrimidin-6-yl)ethanone 9c. mp 230-232°C; Yield:
0.83g, 95% (EtOH). IR (KBI): Vpay (in cm™') 3298 (NH); 'H
NMR (6 ppm, DMSO-de): 1.28 (s, 3H, CH3), 1.66 (s, 3H,
CHj), 5.87 (s, 1H, C7yH), 7.42 (m, 4H, Ph), 8.21 (s, 1H, C(y,
H), 9.56 (s, 1H, NH). '>C NMR (8 ppm, DMSO-dg): 8.44,
15.90, 56.77, 106.50, 114.43, 129.11, 137.32, 138.32, 141.55,
150.21, 151.54. MS (m/z %)=260 (M*, 67%). Anal. Calcd for

Table 2
Acetylacetone as 1,3-dicarbonyl compounds with 3-amino triazole and aldehyde® for the synthesis of [1,2,4]triazolo[1,5-a]pyrimidine 9a-h in refluxing

ethanol.”

Entry Product® R R, R, Time (h) mp (°C) Yield (%)°

1 9a CH; CH; CH; 5 170 80

2 9b CeHs CHj; CHj; 4 265 95

3 9¢ 4-Cl-CgHy CH; CH; 3 230 95

4 9d 4-CH;3-CgHy CH; CH; 4 255 79

5 9e 4-CH;30-CgHy CH; CH; 4 260 81

6 9f 4-N(CH3),CeHy4 CH; CH; 5 285 80

7 9g 2-NO,CeH4 CHj; CHj; 5 280 79

8 9h 2-Thieny] CH; CH; 5 215 78

“Various aldehydes (aliphatic, aromatic, and heterocyclic).
"The reaction occurred in ethanol without any catalyst.

“Structural assignments of the products were based on their IR, '"HNMR, and MS.

Isolated yields.
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C3H3CINg (260.72): C, 59.89%; H, 5.03%; N, 21.49%.
Found: C, 59.77%; H, 5.12%; N, 21.37%.
1-(4,7-Dihydro-7-(4-methoxyphenyl)-5-methyl-[1,2,4]triazolo
[1,5-a]pyrimidin-6-yl)ethanone 9d. mp 260-267°C; Yield:
0.69 g, 79% (EtOH). IR (KBr): Vpax (in cm™') 3286 (NH); 'H
NMR (& ppm, DMSO-dg): 1.33(s, 3H, CH3), 2.34 (s, 3H, CHy),
2.37 (s, 3H, OCHj3), 5.82 (s, 1H, C(»)H), 7.43 (m, 4H, Ph), 8.23
(s, IH, CyH), 9.50 (s, 1H, NH). '*C NMR (8 ppm, DMSO-de):
8.44, 1590, 32.22, 56.77, 106.50, 114.43, 129.12, 137.32,
138.32, 139.55, 150.21, 151.55. MS (m/z %)=256 (M", 62%).
Anal. Calcd for C4H¢N4O (256.30): C, 65.61%; H, 6.29%;
N, 21.86%. Found: C, 65.55%; H, 6.34%; N, 21.98%.
1-(4,7-Dihydro-5-methyl-7-(p-tolyl)-[1,2,4]triazolo[1,5-a]
pyrimidin-6-yl)ethanone 9e.  mp 255-257°C; Yield: 0.71¢g,
81% (dioxane). IR (KBI): Vg (in ecm™") 3290 (NH); 'H NMR
(6 ppm, DMSO-dg): 1.25 (s, 3H, CH3), 1.97 (s, 3H, CH3), 2.11
(s, 3H, CHs3), 5.86 (s, 1H, C(7?H), 7.42 (m, 4H, Ph), 8.25
(s, 1H, CpyH), 9.67 (s, 1H, NH). 3C NMR (8 ppm, DMSO-dj):
8.44, 1590, 23.11, 56.73, 106.56, 114.43, 129.11, 137.32,
138.39, 141.55, 150.21, 151.59. MS (m/z %)=240 (M*, 55%).
Anal. Calcd for C4H Ny (240.30): C, 69.97%; H, 6.71%;
N, 23.32%. Found: C, 69.85%; H, 6.65%; N, 23.44%.
1-(7-(4-(Dimethylamino)phenyl)-4,7-dihydro-5-methyl-[1,2,4]
triazolo[1,5-apyrimidin-6-yl)ethanone 9f. mp 285-287°C;
Yield: 0.70g, 80% (dioxane). IR (KBr1): vy (in cm™ ) 3287
(NH); 'H NMR (8 ppm, DMSO-d): 1.31 (s, 3H, CH;), 2.12
(s, 3H, CHj), 2.35 (s, 6H, 2CHzy), 5.82 (s, 1H, C;H), 7.43
(m, 4H, Ph), 8.22 (s, 1H, Cp)H), 9.69 (s, 1H, NH). *C NMR
(6 ppm, DMSO-d): 8.44, 15.90, 40.12, 56.77, 106.58, 114.43,
129.11, 137.33, 138.32, 141.59, 150.21, 151.86. MS (m/z %) =269
M, 60%). Anal. Caled for C;sH;oNs (269.16): C, 66.89%;
H, 7.11%; N, 26.00%. Found: C, 66.78%; H, 7.24%; N, 26.21%.
1-(4,7-Dihydro-5-methyl-7-(2-nitrophenyl)-[1,2,4triazolo[1,5-a]
pyrimidin-6-yl)ethanone 9g.  mp 280-282°C; Yield: 0.69 g, 79%
(EtOH). IR (KBI): Vyuy (in cm™ ') 3279 (NH); 'H NMR (5 ppm,
DMSO-de): 1.86 (s, 3H, CH3), 2.32 (s, 3H, CH3), 5.87 (s, 1H, C,
H), 7.42 (m, 4H, Ph), 8.23 (s, 1H, C)H), 9.67 (s, 1H, NH). "°C
NMR (& ppm, DMSO-de): 8.44, 1590, 47.77, 106.51, 128.43,
129.11, 137.32, 138.33, 141.55, 150.21, 151.57. MS (m/z %)=271
M*, 49%). Anal. Caled for C;3H;3Ns (271.27): C, 57.56%;
H, 4.83%; N, 25.82%. Found: C, 57.64%; H, 4.99%; N, 25.96%.

Three-Component One-Pot Synthesis of [1,2,4]Triazolo[1,5-a]pyrimidine

1-(4,7-Dihydro-5-methyl-7-(thiophen-2-yl)-[1,2,4]triazolo[1,5-a]
pyrimidin-6-yl)ethanone 9h. mp 215-217°C; Yield: 0.68 g,
78% (EtOH). IR (KBr): vy (in cm™") 3269 (NH), 1708 (CO);
'"H NMR (§ ppm, DMSO-dg): 1.34 (s, 6H, 2CHj3), 5.83 (s, 1H,
CoH), 6.11 (d, 1H, C3)H thienyl), 6.32 (d, 1H, C4H thienyl),
6.45 (d, 1H, C(s5)H thienyl), 8.21 (s, 1H,C;)H), 9.76 (s, 1H, NH).
3C NMR (8 ppm, DMSO-dg): 8.44, 15.90, 56.77, 106.50,
125.70, 126.77, 126.11, 137.32, 150.21, 151.54. MS (m/z %)
=232 (M, 45%). Anal. Calcd for C;H])N4S (232.30):
C, 56.87%; H, 5.21%; N, 24.12%. Found: C, 56.95%; H, 5.42%;
N, 24.42%.

General procedure for the synthesis of ethyl 5-ethoxy-
4,7-dihydro-7-substituted-[1,2,4]triazolo[1,5-a]pyrimidine-
6-carboxylate 10a-h.  Aldehyde (1 mmol), diethyl malonate
(I mmol), and 5-amino[1,2,4]triazole (1 mmol) in ethanol were
heated at 90°C for the appropriate time as mentioned in Table 3.
After the completion of the reaction, as indicated by TLC, the
reaction mixture was concentrated under reduced pressure, and
the resulting solid product was triturated with methanol and
filtered, and recrystallized from proper solvent.

Ethyl 5-ethoxy-4,7-dihydro-7-methyl-[1,2,4]triazolo[1,5-a]
pyrimidine-6-carboxylate 10a.  mp 160-162°C; Yield: 0.68 g,
78% (MeOH/H,0). IR (KBr): Vyax (in cm™") 3267 (NH), 1713
(CO); '"H NMR (8 ppm, DMSO-dg): 1.34 (t, 6H, 2CH3), 2.15
(d, 3H, CH3), 4.10 (q, 4H, 2CH,), 540 (q, 1H, CH), 7.79
(s, 1H, C»)H), 10.57 (s, 1H, NH). '3C NMR (8 ppm, DMSO-dg):
8.21, 11.22, 21.62, 23.11, 31.49, 47.77, 112.43, 150.42, 150.90,
151.23, 155.23, 199.12. MS (m/z %)=280 (M", 64%). Anal.
Caled for CioHigN4O4 (280.28): C, 51.42%; H, 5.75%;
N, 19.99%. Found: C, 51.49%; H, 5.88%; N, 19.87%.

Ethyl 5-ethoxy-4,7-dihydro-7-phenyl-[1,2,4]triazolo[1,5-a]
pyrimidine-6-carboxylate 10b.  mp 230-235°C; Yield: 0.84 g,
96% (EtOH). IR (KBr): Vynax (in cm™") 3280 (NH), 1707 (CO);
'"H NMR (8 ppm, DMSO-dg): 1.36 (t, 6H, 2CHs), 4.15
(q, 4H, 2CH,), 5.48 (s, 1H, C(71)H), 7.78 (s, 1H, CpH), 7.99
(m, 5H, Ph), 9.99 (s, 1H, NH). *C NMR (8 ppm, DMSO-dy):
8.21, 11.22, 23.11, 31.49, 47.77, 112.43, 125.23, 128.23,
129.13, 137.11, 150.42, 150.90, 151.21, 155.27, 199.12. MS
(mlz %)=342 (M', 45%). Anal. Caled for C;;H;gN4O,4
(342.13): C, 59.64%; H, 5.30%; N, 16.37%. Found: C,
59.77%; H, 5.45%; N, 16.45%.

Table 3

Diethyl malonate as 1,3-dicarbonyl compounds with 3-amino triazole and aldehyde® for the synthesis of [1,2,4]triazolo[1,5-a]pyrimidine 10a~h in
refluxing ethanol.”

Entry Product® R R, R, Time (h) mp(°C) Yield (%)°
1 10a CH; OC,H;5 OC,Hs 5 160 78
2 10b CgHy OC,H;5 OC,Hs 4 237 94
3 10c 4-C1-C¢Hy OC,H;5 OC,Hs 3 220 89
4 10d 4-CH;-C¢Hy OC,H; OC,Hs 4 210 87
5 10e 4-CH;30-C¢Hy OC,H;s OC,Hs 5 217 85
6 10f 4-N(CHj3),CeHy OC,H;5 OC,Hs 5 240 87
7 10g 2-NO,C¢Hy OC,Hs OC,Hs 5 190 79
8 10h 2-Thienyl OC,H;s OC,Hs 5 230 78

“Various aldehydes (aliphatic, aromatic, and heterocyclic).
"The reaction occurred in ethanol without any catalyst.

“Structural assignments of the products were based on their IR, '"HNMR, and MS.

Isolated yields.
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Ethyl 5-ethoxy-(4-chlorophenyl)-4,7-dihydro-[1,2,4]triazolo
[1,5-a]pyrimidine-6-carboxylate 10c. ~ mp 220-222°C; Yield:
0.78 g, 89% (EtOH). IR (KBI): Vpayx (in cm ') 3288 (NH), 1712
(CO); "H NMR (8 ppm, DMSO-d): 1.34 (t, 6H, 2CH3), 4.16
(q, 4H, 2CH,), 5.47 (s, 1H, C7H), 7.77 (s, 1H, C»)H), 7.94
(m, 4H, Ph), 10.33 (s, 1H, NH). >C NMR (& ppm, DMSO-dy):
8.21, 11.22, 23.11, 31.49, 47.77, 112.43, 114.23, 129.13,
138.11, 144.23, 150.44, 150.90, 151.21, 155.27, 199.14. MS
(mlz %)=376 (M*, 66%). Anal. Calcd for C;7H;;CIN4O,
(376.79): C, 54.19%; H, 4.55%; N, 14.87%. Found: C,
54.27%; H, 4.76%; N, 14.97%.

Ethyl 5-ethoxy-4,7-dihydro-7-(4-methoxyphenyl)-[1,2,4triazolo
[1,5-a]pyrimidine-6-carboxylate 10d. =~ mp 217-219°C; Yield:
0.76 g, 87% (EtOH). IR (KBr): Vyex (in cm™') 3285 (NH), 1709
(CO); 'H NMR (8 ppm, DMSO-dy): 1.32 (s, 6H, 2CH3), 2.37
(s, 3H, OCH3), 4.17 (q, 4H, 2CH,), 5.80 (s, 1H, C;,H), 7.43
(m, 4H, Ph), 8.23 (s, 1H,CpH), 9.55 (s, 1H, NH). 3C NMR
(6 ppm, DMSO-dg): 8.21, 11.22, 23.11, 31.49, 40.12, 47.77,
11243, 114.28, 129.11, 138.11, 144.23, 150.44, 150.88, 151.21,
155.27, 199.10. MS (m/z %)=372 (M*, 64%). Anal. Calcd for
C5H,0N4O5 (372.38): C, 58.06%; H, 5.41%; N, 15.05%. Found:
C, 58.26%; H, 5.61%; N, 15.25%.

Ethyl 5-ethoxy-4,7-dihydro-7-(4-methylphenyl)-[1,2,4]triazolo
[1,5-a]pyrimidine-6-carboxylate 10e. mp 210-212°C; Yield:
0.74g, 85% (dioxane/H,0O). IR (KBr): vy, (in em™ 1Y) 3290
(NH), 1709 (CO); 'H NMR (8 ppm, DMSO-ds): 1.35 (t, 6H,
2CH3;), 2.30 (s, 3H, CH;), 4.12 (q, 4H, 2CH,), 5.83 (s, 1H, C(,
H), 7.45 (m, 4H, Ph), 8.24 (s, 1H,C)H), 9.56 (s, 1H, NH). '°C
NMR (6 ppm, DMSO-de): 8.21, 11.22, 30.11, 31.49, 40.12,
47.77, 112.43, 115.28, 129.11, 139.11, 144.23, 150.44, 150.88,
151.21, 15527, 199.13. MS (m/z %)=356 (M", 50%). Anal.
Caled for CgHyoN4O4 (356.38): C, 60.66%; H, 5.66%; N,
15.72%. Found: C, 60.56%; H, 5.77%; N, 15.84%.

Ethyl 5-ethoxy-7-(4-(dimethylamino)phenyl)-4,7-dihydro-[1,2,4]
triazolo[1,5-a] pyrimidine-6-carboxylate 10f.  mp 240-242°C;
Yield: 0.76 g, 87% (EtOH). IR (KBr): Vimax (in cm™") 3287 (NH),
1707 (CO); 'H NMR (8 ppm, DMSO-de): 1.31 (t, 6H, 2CHj),
2.35 (s, 6H, 2CHj), 4.12 (q, 4H, 2CH,), 5.82 (s, 1H, C7)H), 7.43
(m, 4H, Ph), 8.22 (s, 1H, C;)H), 9.69 (s, 1H, NH). 3C NMR (5
ppm, DMSO-dy): 8.21, 11.22, 23.11, 31.49, 40.56, 47.77, 112.43,
114.23, 128.13, 140.11, 144.23, 150.44, 150.90, 151.21, 155.27,
199.19. MS (m/z %) =385 (M*, 60%). Anal. Caled for C sH;oNs
(385.42): C, 59.21%; H, 6.01%; N, 18.17%. Found: C, 65.21%;
H, 6.21%; N, 18.31%.

Ethyl 5-ethoxy-4,7-dihydro-7-(2-nitrophenyl)-[1,2,4]triazolo
[1,5-a]pyrimidine-6-carboxylate 10g.  mp 190-192°C; Yield:
0.69 g, 79% (EtOH). IR (KBr): Vpax (in cm ') 3279 (NH), 1709
(CO); '"H NMR (3 ppm, DMSO-d): 1.81 (t, 6H, 2CH3), 4.10
(q, 4H, 2CHy), 5.87 (s, 1H, C;)H), 7.42 (m, 4H, Ph), 8.23
(s, 1H, CyH), 9.67 (s, 1H, NH). 3C NMR (8 ppm, DMSO-dg):
8.21, 11.22, 23.13, 31.49, 47.70, 112.43, 114.23, 129.13,
138.19, 144.22, 150.44, 150.90, 151.11, 155.27, 199.21. MS
(mlz %)=387 (M*, 48%). Anal. Calcd for C;7H;7;NsO¢
(387.35): C, 52.71%; H, 4.42%; N, 18.08%. Found: C, 52.66%;
H, 4.56%; N, 18.24%.

Ethyl 5-ethoxy-4,7-dihydro-7-(thiophen-2-yl)-[1,2,4]triazolo
[1,5-a]pyrimidine-6-carboxylate 10h.  mp 230-232°C; Yield:
0.68g, 78% (MeOH). IR (KBr): Vpax (in cm™') 3279 (NH),
1709 (CO); 'H NMR (5 ppm, DMSO-dq): 1.34 (t, 6H, 2CH3),
4.16 (q, 4H, 2CH,), 5.87 (s, 1H, C)H), 6.23 (d, 1H, C3H
thienyl), 6.45 (d, 1H, CyH thienyl), 6.89 (d, 1H, CsH
thienyl), 8.11 (s, 1H,Cp)H), 9.69 (s, 1H, NH). 3¢ NMR
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(6 ppm, DMSO-dy): 8.21, 11.22, 23.11, 31.49, 47.77, 112.43,
12323, 126.13, 126.22, 139.11, 150.44, 150.90, 151.21,
155.27, 199.14. MS (m/z %) =348 (M*, 41%). Anal. Calcd for
C1sH16N,O4S (348.09): C, 51.71%; H, 4.63%; N, 16.08%.
Found: C, 51.88%; H, 4.76%; N, 16.22%.

REFERENCES AND NOTES

[1] Chitra, C.; Veljko, D. Green Chem. Lett. 2010, 3, 39.
[2] Adi, W.; Dina, S.; Christina, D.; Dorith, T. Green Chem. Lett.
2009, 2, 107.
[3] Carles, E. Green Chem. Lett. 2007, 1, 5.
[4] Poliakoff, M.; Anatas, P.T. Nature 2001, 413, 257.
[5] Matlaack, A. S. Introduction to Green Chemistry; Marcel Dekker:
New York, 2001.
[6] De-Simone, J. M. Science 2002, 297, 799.
[71 Cross, A.; Kalra, B. Science 2002, 297, 803.
[8] Trost, B. M. Science 1991, 254, 1471.
[9] Sheldon, R. A. Green Chem. 2007, 9, 1273.
[10] Rakesh, T.; Uma, C. Green Chem. Lett. 2009, 2, 61.
[11]  Ahluwalia, V. K.; Kidwani, M. New Trends in Green Chemistry;
Anamaya: New Delhi. 2006; Vol. 2; pp. 3-4.
[12] Metazger, J. O. Angew. Chem. Int. Ed. 1998, 37, 2975.
[13] Yang, B. Q.; Lu, T.; Tian, M. Chin. Chem. Lett. 2003, 14, 1239.
[14] Carlos, K. A. Z.; Angelica, F. B.; Wender, A. S. Arkivoc 2008,
2, 226.
[15] Liang, W.; Chun. C. Green Chem. Lett. 2010, 3, 121.
[16] Li-Qin, Y.; Fei, L.; Qi-Dong, Y. Org. Prep. Proced. Int. 2009,
41, 77.
[17] Tang, S.Y.; Bourne, R. A.; Smith, R. L.; Pollakoff. M. Green
Chem. 2008, 10, 268.
[18] Shrikant, S. G.; Babasaheb, P. B.; Pradas, D. K.; Shailesh,
S. S. Green Chem. Lett. 2010, 3, 315.
[19] Domling, A.; Ugi, I. Angew. Chem. Int. Ed. 2000, 39, 3168.
[20] Tietze, L. F.; Lieb, M. E. Curr. Opin. Chem. Biol. 1998, 2, 363.
[21] Mabry, J.; Ganem, B. Tetrahedron Lett. 2006, 47, 55.
[22] Domling, A.; Chem. Rev. 2006, 106, 17.
[23] Burke, M. D.; Schreiber, S. L. Angew. Chem. Int. Ed. 2004,
43, 46.
[24] Ramadan, A.; Afaf, A.; Sawan, M.; Kamal, U. Green Chem.
Lett. 2010, 3, 161.
[25] Kanagarajan, V.; Thanusu, J.; Gopalakrishnan, M. Green
Chem. Lett. 2009, 2, 161.
[26] Suresh, A. S.; Dhruva, K.; Jagir, S. S. Green Chem. Lett. 2009,
2, 29.
[27] Runxia, W.; Chunsheng, L.; Genxiang, L. Green Chem. Lett.
2010, 3, 101.
[28] Srinivasu, V. N. V.; Rajashekar, B. L.; Srinivas, K. J.
Heterocyclic Chem. 2010, 47, 421.
[29] Firouzeh, N.; Mohammad, A. B.; Gholam, H.; Hossein, K.
Green Chem. Lett. 2010, 3, 89.
[30] Sunil, S. C.; Yogesh, O. S.; Mariam, S. D. Green Chem. Lett.
2009, 2, 175.
[31] Manabendra, S.; Sanchita, R.; Subrata, K. C.; Sanjay, B. Green
Chem. Lett. 2008, 1, 99.
[32] Mhammad, H. M.; Mhammad, A. A; Alireza, H,;
Mhammad, A. B. J. Sulfur Chem. 2010, 31, 135.
[33] Xiao-Fei, Z.; De-Qing, S. Phosphourus Sulfur and Silicon
2008, 183, 2020.
[34] Behalo, M. S.; Aly, A. A. Phosphourus Sulfur and Silicon
2010, 185, 2194.
[35] Drizin, I.; Holladay, M.W.; Yi, L.; Zhang, H. Q.; Gopalak, R.S.
Bioorg. Med. Chem. Lett. 2002, 12, 1481.
[36] Fedorova, O. V.; Zhidovinova, M. S.; Rusinov, G. L,
Ovchinnikova, I. G. Russ. Chem. Bull. 2003, 52, 1768.
[37] Pryadeina, M. V.; Burgart, Y.V.; Saloutin, V. L.; Kodess, M. L.;
Ulomsky, E. N.; Rusinov, V. L. Russ. J. Org. Chem. 2004, 40, 902.

DOI 10.1002/jhet



Month 2014

[38] Lipson, V. V.; Desenko, S. M.; Shirobokova, M. G.; Borodina,
V. V. Chem. Heterocycl. Compd. (Engl Transl) 2003, 39, 1213.

[39] Qiong, C.; Li-Li, J.; Chao-Nan, C.; Guang-Fu, Y. J. Hetero-
cylic Chem. 2009, 46, 139.

[40] Kappe, C.O. Tetrahedron 1993, 49, 6937.

[41] Kappe, C.O. Eur. J. Med. Chem. 2000, 35, 1043.

[42]  Atwal, K.S.; Morland, S.; Bioorg. Med. Chem. Lett. 1991, 1, 291.

[43] Atwal, K.S.; Swanson, B. N.; Unger, S. E.; Floyed, D. M.;
Morland, S.; Hedberg, A.; Oreilly, B.C. J. Med. Chem. 1991, 34, 806.

[44]  Grover, G. J.; Dzwonczyk, S.; Mcmullen, D. M.; Normadinam,
C.S.; Sleph, P.G.; Morland, S. J. J. Cardiovasc Pharmaco. 1995, 26, 282.

[45] Sadanandam, Y. S.; Shetty, M. M.; Diwan, P. V. Eur. J. Med.
Chem. 1992, 27, 87.

[46] Valentin, A. C.; Elena, A. M.; Sergey, M. D.; Vladimir, I. M.;
Irina, V. K.; Svetlana, V.; Oleg, V. S.; Kappe, C. O. J. Comb. Chem.
2006, 8, 427.

[47] Lipson, V. V.; Desenko, S.M.; Shishkina, S. V.; Shirobokova, M. G.;
Shishkin, O. V.; Orlov, V. D.; Chemistry of Heterocyclic Comp.
2003, 39, 1041.

[48] Valentin, A. C.; Vyacheslav, E. S.; Sergey, M. D.; Vitaliy, N. C.;
Irina, V. K.; Ulrich, G.; Toma, N. G.; Kappe, C. O. J. Org. Chem. 2008, 73,
5110.

[49] Said, A. S.; Abd El-Galil, E. A.; Nermien, M. S.; Mohamed, M. A.
Euro. J. Med. Chem. 2009, 44, 4787.

[50] Probir, K. O.; Kunal, R. Euro. J. Med. Chem. 2010, 45, 4645.

Journal of Heterocyclic Chemistry

Three-Component One-Pot Synthesis of [1,2,4]Triazolo[1,5-a]pyrimidine

[51] Assunta, M. G.; Domenico, S.; Clelia, D. S.; Giampaolo, B.;
Arturo, S.; Giuseppe, R. J. Organometallic Chem. 2006, 691, 693.

[52] Qiong, C.; Xiao-Lei, Z.; Li-Li, J.; Zu-Ming, L.; Guang-Fu, Y.
Euro. J. Med. Chem. 2008, 43, 595.

[53] Abd El Rady, E.; Mohamed, A. K. J. Chinese Chem. Soc.
2004, 51, 779.

[54] Abd El Rady, E. J. Heterocyclic Chem. 2002, 39, 1109.

[55] Abd El Latif, F. M.; Abd El Rady, E.; Mohamed, A. K.
Phosphorus, Sulfur and Silicon 2002, 177, 2497.

[56] Abd El Rady, E. J. Chinese Chem. Soc. 2004, 51, 859.

[57] Abd El Rady, E. Phosphorus, Sulfur and Silicon 2006,
181, 2213.

[58] Abd El Rady, E.; Barsy, A. M. J. Heterocyclic Chem. 2006,
43, 243,

[59] Desenko, S. M.; Orlov, V. D.; Lipson, V. V.; Shishkin, O. V_;
Potekhin, K.A.; Struchkov, T. Chem. Heterocycl Compd. 1993, 229.

[60] Desenko, S. M.; Gladkov, E. S.; Komykhov, S. A.; Shishkin, O. V;
Orlov, V. D.; Chem. Heterocycl Compd. 2001, 147.

[61] Abd El Rady, E.; Mohamed A. K.; Abd El Latif, F. M. Hetero-
atom Chem. 2004, 15, 407.

[62] Abd El Rady, E. Synthetic Commu. 2006, 36, 37.

[63] Abd El Rady, E. A.; Barsy, A. M. J. Heterocyclic Chem. 2008,
45, 1233.

[64] Barsy, A. M.; Abd El Rady, E. J Heterocyclic Chem. 2008,
45, 773.

DOI 10.1002/jhet



