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Abstract: Microwave irradiation was used to accelerate the cyclo-
condensation of isoflavones and 3-amino-1,2,4-triazoles in the pres-
ence of sodium methoxide to produce 6,7-diphenyl[1,2,4]-
triazolo[4,3-a]pyrimidines in good to moderate yields.
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The 1,2,4-triazolopyrimidine skeleton, although virtually
unknown as a component in natural products, is an impor-
tant pharmaceutical target (Figure 1).1 It has been report-
ed that 1,2,4-triazolopyrimidine can show a broad
spectrum of pharmacological and medicinal properties,
such as antibacterial,2 antifungal, antiviral,1 antihyperten-
sion, and others.3

Figure 1

The conventional synthesis of triazolopyrimidines in-
volves cyclizations of 2-hydrazinopyrimidines with ali-
phatic carboxylic acids, their esters, anhydrides, and
chlorides,4–8 as well as with ortho esters,9–11 or phosgene.6

Recently, we have reported the high-throughput synthesis
of 3,4-diarylpyrazoles, 4,5-diphenyl-2-pyrimidinylguani-
dine, and 2,3-diarylpyrimido[1,2-a]-benzimidazole by us-
ing one-step reaction of hydrazine,12 biguanidine,13 and 2-
aminobenzimidazole14 with isoflavones. To the best of
our knowledge, there is no report on the synthesis of 6,7-
diphenyl[1,2,4]triazolo-[4,3-a]pyrimidine. Herein, we
report a new strategy for the preparation of 6,7-di-
phenyl[1,2,4]triazolo[4,3a]-pyrimidine (3) by cyclo-
condensation of isoflavones 1 with 3-amino-1,2,4-tria-
zoles 2a or 3-amino-5-hydroxy-1,2,4-triazoles 2b by
microwave irradiation.15–17

Treatment of ipriflavone (1a) with 2a (1:1 equiv) in re-
fluxing ethanol in the presence of NaOH (3 equiv) for 72

hours afforded 6-phenyl-7-(2-hydroxy-4-isopropoxyphe-
nyl)-[1,2,4]trizolo[4,3-a]pyrimidine (3a) in 25% yield
(Scheme 1).18 On the other hand, treatment of 1a with 2a
(1:1 equiv) in ethanol in the presence of NaOH (3 equiv)
under microwave irradiation for 10 minutes afforded 3a in
slightly better yield (34%).

We then started to optimize the conditions by using 1a and
2a as model compounds (Table 1). First, NaOH was used
as a base in different solvents such as MeOH, EtOH, n-BuOH,
glycol, and DMSO, and DMSO was found to give the
highest product yield (entry 5). A comparative study of
different bases showed that NaOMe was the most effec-
tive (entry 8). Further studies using variable amount of
NaOMe revealed that highest product yield could be ob-
tained with 3 equivalents of base (entry 7). The ratio of 1a
and 2a was also evaluated. With a ratio of 1a/2a (1:1.4),
the yield of 3a was the highest (entry 11).
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Table 1 Optimization of Cyclocondensation of Isoflavone 1a with 
3-Amino-1,2,4-triazoles 2aa

Entry Solvent Base Molar ratios
1a/2a/base

Yield (%)b

3a

1 MeOH NaOH 1:1:3 17

2 EtOH NaOH 1:1:3 34

3 n-BuOH NaOH 1:1:3 38

4 glycol NaOH 1:1:3 29

5 DMSO NaOH 1:1:3 42

6 DMSO K2CO3 1:1:3 29

7 DMSO NaOMe 1:1:2 51

8 DMSO NaOMe 1:1:3 64

9 DMSO NaOMe 1:1:4 48

10 DMSO NaOMe 1:1.2:3 66

11 DMSO NaOMe 1:1.4:3 72

12 DMSO NaOMe 1:1.6:3 69

a All reactions were carried out in the appropriate solvent (8 mL) us-
ing 1a (1.5 mmol), 2a, and base until complete disappearance of 1a 
(microwave irradiation for 10–20 min). Reaction temperature: 
MeOH, EtOH at boiling; n-BuOH, glycol, DMSO at 100 °C. Micro-
wave output = 240 W.
b Isolated yield after silica chromatography.
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Table 2 Synthesis of [1,2,4]Triazolo[4,3-a]pyrimidine by Cyclocondensation of Various Isoflavones with 3-Amino-1,2,4-triazole 2a or 3-
Amino-5-hydroxy-1,2,4-triazole 2b in DMSOa

Entry Productb R1 R2 R3 R4 R5 R6 R7 Time (min) Yield (%)c

1 3a H Oi-Pr H H H H H 10 72

2 3b H OMe H OMe H OMe H 10 74

3 3c H OMe H H H OMe H 10 68

4 3d H OMe H Me H H H 12 54

5 3e H Os-Bu H H H OMe H 12 69

6 3f H OMe H H iPr OMe i-Pr 15 52

7 3g Br Oi-Pr H H H H H 12 67

8 3h H OBn H H H OMe H 12 70

9 3i H OMe Br H Br OMe H 10 58

10 3j H OMe H H H OH H 15 47

11 3k H OMe H H i-Pr OH iPr 15 43

12 3l H OMe H OMe H OMe H 10 65

13 3m H OMe H H H OMe H 10 62

14 3n H OMe H Me H H H 15 50

15 3o H OMe H H H H H 10 56

16 3p Br Oi-Pr H H H H H 10 64

17 3q H OMe H H i-Pr OMe i-Pr 15 47

18 3r H OBn H H H OMe H 10 62

19 3s H Oi-Pr H H H H H 10 67

20 3t H OMe H H H OH H 15 38

a Isoflavones 1 (1.5 mmol), 2b (2.1 mmol), NaOMe (4.5, 6.0, and 7.5 mmol are used for 0, 1, and 2 free hydroxyl groups in 1 and 2b, respec-
tively), 100 °C.
b Compounds 3a–k compounds are synthesized with isoflavones 1 and 3-amino-1,2,4-triazole (2a), compounds 3i–t are synthesized with isofla-
vones 1 and 3-amino-5-hydroxy-1,2,4-triazole (2b).
c Isolated yield after silica chromatography.
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With the optimized reaction conditions in hand, conden-
sation of a variety of structurally divergent 1 with 2a were
studied (Table 2).19 Due to the presence of an unprotected
acidic phenol functionalities in isoflavones 1j,k,t and in
compound 2b, 4 or 5 equivalents of NaOMe were required
in the synthesis of 3j–t.19 All substrates react smoothly to
give compound 3 in high yields for 10–15 minutes. All
products were characterized by IR, 1H NMR, 13C NMR,
and elemental analysis.

The reaction possible underwent a mechanism as shown
in Scheme 2. It was reported that isoflavone underwent
ring-opening reaction to form an a,b-unsaturated ketone
intermediate 4 in the presence of a base. The nitrogen
atom at position 4 of 2a or 2b then attacked the b-carbon
in 4. Ring-closure reaction between primary amine and
the carbonyl carbon then afforded product 3. On the other
hand, intermediate 4 may eliminate HC(OMe)3 to gener-
ate a byproduct 5.20

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett.
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