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Table 1. Oxidation of urazole derivatives to the corresponding tri-
azolinediones using guanidinium nitrate I and catalytic amounts of 
silica sulfuric acid II in the presence of wet SiO2 (50% w/w) in di-
chloromethane at room temperature

Entry Substrate Product
Substrate/Reagents/

Catalysta Time 
(min)

Yield 
(%)b

I II

1 N

NN
HH

O O N

NN

O O
1.5 0.08 45 98

2 N

NN
HH

O O N

NN

O O
1.5 - 10 h N. R.c

3 N

NN
HH

O O

Cl

N

NN

O O

Cl

1.5 0.08 45 99

4 N

NN
HH

O O

Cl
Cl

N

NN

O O

Cl
Cl

1.5 0.08 165 97

5 N

NN
HH

O O

OMe

N

NN

O O

OMe

1.5 0.08 60 98

6 N

NN
HH

O O

NO2

N

NN

O O

NO2

1.5 0.08 135 92

Due to increasing concern about environmental impact, there 
has been tremendous recent interest in developing new pro-
cesses that both reduce energy consumption and minimize pollu-
tion in chemical synthesis and processing.1 In the last few years, 
heterogeneous systems2-5 have become increasingly used in 
organic reactions, mainly because the reactions are carried out 
under mild conditions and the organic products are easily isolated 
from the reaction media. In addition, the stability and cheapness, 
high yields of the products, short reaction times, and reusability 
is other important advantages of these systems.6

4-Substituted-1,2,4-triazole-3,5-diones are of important 
class of five-member heterocyclic compounds, which can be 
prepared from the oxidation of urazoles and bis-urasoles. They 
have been used both as substrate and reagent in various organic 
reactions such as reaction of allylsilanes with triazolinedione,6 
triazolinedione-alkene ene reaction,7 reaction of a triazoline-
dione with alkenes,8 reaction of triazolinedione with carbon 
nanotubes,9 oxidation of 1,4-dihydropyridines,10 oxidation of 
alcohols to aldehydes and ketones,11 oxidative coupling of thi-
oles.12 High sensitivity and unusual reactivity of 1,2,4-triazole- 
3,5-diones make them of interest to organic chemists, also make 
them difficult to prepare and purify. Therefore, finding oxidiz-
ing systems, which are safely and mildly able to convert urazoles 
to their corresponding triazolinediones it’s of great importance.

In continuation of our studies on the application of new rea-
gents in organic functional group transformations14-23 we be-
came interested to introduce a metal-free catalytic media for 
the conversion of 4-substituted urazoles into triazolinediones by 
mixing of guanidinium nitrate and catalytic amounts of silica 
sulfuric acid.

Eventually we wish to report here a metal-free, catalytic and 
green procedure for the chemoselective oxidation of urazoles 
and bis-urazoles 1 to the corresponding triazolinediones 2 using 
guanidinium nitrate I and a catalytic amount of silica sulfuric 
acid II in the presence of wet SiO2 (50% w/w), (Scheme 1 and 
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Table 1. Continued

Entry Substrate Product

Substrate/
Reagents/
Catalysta Time 

(min)
Yield 
(%)b

I II

7 N

NN
HH

O O N

NN

O O
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8
N

NN
HH

O O

CH2CH3

N

NN

O O

CH2CH3
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9
N

NN
NaH

O O

CH2CH2CH3

N

NN

O O

CH2CH2CH3

1.5 0.28 195 97
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N

NN
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O O

CH2CH2CH2CH3

N
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O O

CH2CH2CH2CH3

1.5 0.08 60 99
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N
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N

N N
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OO
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N
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O O

N

N N

OO

(CH2)6 4 1.8 145 86

13

N

NN
HH

O O

C6H4CH2C6H4

N

N N
H H

OO

N
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O O

C6H4CH2C6H4

N

N N

OO

3 2 120 81

aWet SiO2 : Substrate = 1 mmol : 0.2 g; I refers to mmol of guanidinium 
nitrate and II refers to gram of silica sulfuric acid. bIsolated yield. cRe-
action proceeds in the absence of silica sulfuric acid.
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Table 1).
All reactions were carried out under mild and completely 

heterogeneous conditions at room temperature. Reaction com-
ponents except pink-to-red color triazolinedione are insoluble 
in the reaction solvent. Consequently, 4-substituted-1,2,4-tri-
azole-3,5-diones were prepared readily by mixing of a urazole, 
guanidinium nitrate, wet SiO2 (50% w/w) and a catalytic amount 
of silica sulfuric acid; then stirring of this mixture at room 
temperature. Pure triazolinedion can be easily isolated from the 
reaction media by washing the reaction mixture with dichloro-
methane, simple filtration and evaporation of the solvent.

In order to show the catalytic role of silica sulfuric acid, 4- 
phenyl-urazole was selected for the oxidation reaction in the 
absence of the catalyst, as typical example. Surprisingly, no 
triazolinedione was observed after 10 hours (Table 1, entry 2).

A plausible mechanism of this reaction is outlined in Scheme 
2 based on previously reported works.21,27

The critical point of this mechanism is auto ionization of nitric 
acid, which generates in situ nitronium ion (NO2

+). Surprisingly, 
when a urazole with activated aromatic moiety (for example 
4-methoxyphenyl urazole) was subjected to oxidation reaction 
with described system, 4-(4-methoxyphenyl)-1,2,4-triazole-3,5- 
dione was selectively produced and no nitrated product was 
observed (Table 1 entry 5 and Scheme 3).

In summary herein we report a new catalytic procedure for 
the chemoselective oxidation of urazole derivatives to the corre-
sponding triazolinediones under metal-free, mild and hetero-
geneous conditions. This method offers the advantage of shorter 
reaction times, high selectivity, non-toxic conditions, cost effec-
tive reagents and catalyst and easy workup.
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Experimental

General. Chemicals were purchased from Fluka, Merck and 
Aldrich chemical companies. The oxidation products were cha-
racterized by comparison of their spectral (IR, 1H NMR, and 
13C NMR) and physical data with authentic samples.24-26

Oxidation of 4-(4-methoxyphenyl)-urazole to 4-(4-methoxy-
phenyl)-1,2,4-triazoline-3,5-dione with guanidinium nitrate 
and silica sulfuric acid. A suspension of 4-(4-methoxyphenyl)- 
urazole (0.207 g, 1 mmol), guanidinium nitrate (0.090 g, 1.5 
mmol), SiO2-OSO3H (0.08 g) and wet SiO2 (50% w/w) (0.2 g) 
in dichloromethane (5 mL) was stirred at room temperature for 
60 min and then filtered. The residue was washed with CH2Cl2 
(20 mL). Anhydrous Na2SO4 (2 g) was added to the filtrate and 
filtered off after 20 min. Finally CH2Cl2 was removed and 4-(4- 
methoxyphenyl)-1,2,4-triazoline-3,5-dione was obtained in 
98% yield (0.201 g). 1H NMR (90 MHz, CDCl3) δ 7.28-7.39 
(d, 2H), 6.97-7.07 (d, 2H); IR (KBr) ν 2971, 1770, 1604, 1515, 
1408, 1253, 1177, 1025 cm‒1.26
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