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Highly efficient production of 4-substituted-1,2azole-3,5-diones from urazole derivatives usarmgmonium nitrate and
silica sulfuric acid (SIQOSGQH), as a cheap and nontoxic catalyst, in the prasef wet SiQ (50% w/w) under mild and
heterogeneous conditions is reported. The processepted here is operationally simple, environnmignteenign and produces

high yield.
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INTRODUCTION

triazolinedione with carbon nanotubes [9], oxidatiof 1,4-
dihydropyridines [10], oxidation of alcohols to ald/des and

In recent years, there has been rapid growth i thketones [11], and oxidative coupling of thioles J[1Bligh

development of new supported reagents on solidsb@s2].
In view of the environmental and economical reastimsre is
a constant effort to substitute the conventionaalgats with
newer solid acids [3]. The development of hetereges
catalysts for fine chemicals synthesis has becomajar area
of research [4]. Moreover, an important aspect Harc
technology is the use of environmentally friendiyadysts [5].
1,2,4-Triazole-3,5-diones belong to an importdasg of
five-member heterocyclic compounds, which can hepared
from the oxidation of urazoles and bis-urasoleseylThave
been used both as substrates and reagents in variganic
transformations such as reaction of allylsilanesthwi
triazolinedione [6], triazolinedione-alkene reantio[7],
reaction of a triazolinedione with alkeneg, [8eaction of

*Corresponding authors. E-mail: arashghch58@yaluow,c
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sensitivity and unusual reactivity of 1,2,4-triaz@,5-diones
make them of interest to organic chemists, thoufficdt to

prepare and purify. Therefore, developing oxidizsygtems,
which would safely and mildly convert urazoles toeit
corresponding triazolinediones is of great imparean

EXPERIMENTAL

Chemicals were purchased from Fluka, Merck andigtd
chemical companies. Yields refer to isolated puredpcts.
The oxidation products were characterized by thaparison
of their spectral (IR*H NMR and™*C NMR) and physical
data with those of authentic samples.

General Procedures
Synthesis of silica sulfuric acid. A 500 ml suction flask
containing silica gel (60 g) was equippedhw@é constant-


www.SID.ir

Ghorbani-Choghamarasi al.

pressure dropping funnel containing chlorosulfama (23.3
g, 0.2 mol) and gas inlet tube to conduct HCI gde water.
Chlorosulfonic acid was added dropwise over a geab30
min at room temperature. HCI gas evolved from #haction
vessel immediately (Scheme 1). Then the mixture staken
for 30 min. A white solid (silica sulfuric acid) af6.0 g was
obtained [2].

Oxidation of 4-tert-butylurazole to 4-tert-butyl-1,2,4-
triazole-3,5-dione with ammonium nitrate, silica sulfuric
acid and wet SIO,. To a mixture of 4-tert-butylurazole (0.157
g, 1 mmol), wet Si®(0.2 g) and ammonium nitrate (0.16 g, 2
mmol) in CHCl, (5 ml), 0.05 g of silica sulfuric acid was
added. The mixture was stirred at room temperatore85
min, and then filtered. The residue was washed @ithCl,
(20 ml). Anhydrous NGO, (1.5 g) was added to the filtrate
and filtered off after 20 min. Finally, G&l, was removed and
4-tert-butyl-1,2,4-triazole-3,5-dione was obtaine®9% yield
(0.153 g) as crystalline pink solid, m.p.: 120-F24

RESULTSAND DISCUSSION

Following our newly published works [13-20] on the
application of mild and heterogeneous conditionliganic
transformations, we thought of developing a new effidient
catalytic medium for the oxidative preparation of 4
substituted-1,2,4-triazole-3,5-diones from urazideivatives.
Consequently, we designed a heterogeneous mediam
combining ammonium nitrate (NJNOs), catalytic amounts of
silica sulfuric acid (SiQgOSQO;H) and wet SiQ (50% w/w) for
a mild oxidation of urazoles and bis-urazoles.

Initially, to investigate the catalytic ability sflica sulfuric
acid (SiQ-OSG;H) and to determine an appropriate amount of
the catalyst, 4-phenylurazole was subjected toatidation
reaction. The oxidation of 4-phenylurazole was qernied
using mixtures containing 1 mmol of 4-phenylurazole
ammonium nitrate (2 mmol), wet Si@0.2 g) and different
amounts of the catalyst (silica sulfuric acid)
dichloromethane (5 ml) at room temperature (Table 1

The results of the preparation of 4-phenyl-1,2idzble-
3,5-dione as a function of the amounts of silicHusic acid
are shown in Fig. 1. The optimal amount of siliaHigic acid
to convert 4-phenylurazole to 4-phenyl-1,2,4-trlaz®,5-
dione is 0.05 grams, which was used in all oxidatreactions

in

SiO,——OH + CISO3H —(Si0,—0SOzH + HClI}

Scheme 1

Table 1. Conversion  of 4-Phenylurazole  tathe
Corresponding TriazolinedionethvAmmonium
Nitrate Different Amounts of $# Sulfuric Acid
in the Presence of t %, (50% w/w) in
Dichloromethane at Room Tempegitu

Entry Silica sulfuric acid (g) Yield (%)
1 0.000 0
2 0.005 0
3 0.010 0
4 0.015 10
5 0.020 27
6 0.025 34
7 0.030 48
8 0.035 61
9 0.040 73
10 0.045 84
11 0.050 98
12 0.055 98
13 0.06 99
Reaction time: 40 mirflsolated yield.
120
100
g 80 |
- 60 |
T
S 40}
20 |
0 o—o—e . . .
0 0.02 0.04 0.06 0.08

Silica sulfuric acid (g)
Fig. 1. Oxidation of 4-phenyurazole by ammonium nitratd an

catalytic amounts of silica sulfuric dan the presence
of wet Si@in CH,CIl,. Reaction time = 40 min.
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(except entries 10 and 14 in Tabel 2).

Oxidation reaction took place heterogeneously umaiél

Herein, we would like to report a new heterogeseouconditions. All reaction components except pinked- color

catalytic method for the effective oxidation of &w range of
urazoles to the corresponding
ammonium nitrate and catalytic amounts of silickusic acid
(SiO-OSQH) in the presence of wet Sig50% w/w) in
dichloromethane at room temperature in good to lexte

triazolinediones gusin Consequently,

insoluble in the reaction solv
4-substituted-1,2,4-triazole-3,5-d®on were
obtained easily by mixing urazole, ammonium nitratest
SiO, and a catalytic amount of silica sulfuric aciderth the
mixture was stirred at room temperature. Pure mtsdwere

triazolinedione were

yields (Scheme 2 and Table 2). easily isolated from the reaction medium vegshing the

Table 2. Oxidation of Urazole Derivatives to the Corresgioig Triazolinediones Using NfNOz; and
Catalytic Amounts @ilica Sulfuric Acid in the Presence oWet SiQ (50% wi/w) in
Dichloromethane at Rooamiperaturg

Time Yield c TOF
Entry Substrate Product (min) (%)° TON (min)°
1 ok Ao ° éN) ° 40 08 7.42 0.185
H' H N=N
N=N
L X
2 OEN;O ° é © 65h 94 7.2 0.018
H H
.N—N' N=N
L X
3 ok Ho ° é ° 45h 85 643 0024
H' H N=N
N=N =
L X
4 OJ\N}O ° (5 ° 55h 98 7.04 0.021
H-N_NH N=N
oA o oA *o
5 é @ 105 94 7.12 0.068
OMe OMe
HN-NH N=N
oA, oh Fo
6 éN] © 90 93 7.04 0.078
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Table 2. Continued

H.N*N’H N=N
OJ\N}O o N}O
7 130 98 742  0.057
<l .
al Cl
H H N=N
N=N
oA Ko ok Ko
8 é‘) @ 200 94 7.12 0.036
NO NO,
H H
N=N
N=N
9 OJ\N}O OJ\N*O 70 94 712  0.102
|
éHZCHg, CHaCH,
HN_N.Na N=N
10 OJ\N}O OJ\N*O 210 91 1.38  0.0065
|
éHZCHZCHg CH,CH,CHj
H o H N=N
N-=N
11 OJ\NAO OJ\N}O 120 99 750  0.063
|
éHZCHZCHZCHg CH,CH,CH,CH;
H~N_N.H N=N
12 OJ\N}O OJ\N}O 85 99 750  0.088
|
&CHS)S C(CHa)s
H'N—N'H ibl
13 OJEN;O OCN)O 85 99 750  0.088
W 2 ST %
14 : N— (CHps =N : N N—(CHgs =N 80 97 1.05  0.013
i S e S o

®Molar ratio of reagents: urazole/ammonium nittsiiea sulfuric acid/wet Si©for entries 1-9 and
11-12: (1 mmol/2 mmol/0.05 g/0.2 g); for entO: (1 mmol/2 mmol/0.25 g/0.2 g); for entry: 1
mmol/2 mmol/0.35 g/0.2 g)°lsolated vyields.°TON =turn over number"TOF = turn over
frequency®Reaction performed in the absence of wet,SReaction performed in the absence of
wet SiQ but one drop of water addéReaction performed in the presence of dry,SiO
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H\ /)< H\ /X
N—N N—N sio 0SO.H N=N N=N
27 3
OAN X o OJ\N P (Cat) OJ\N X o OAN P
| y NH,NO, ) '
R R Wet SiO; (50% wiw) R R
N CH,Cly, 1t N
0 \/éo e o (o}
/N—N\ X=Hor Na Y=:f
H H
Scheme 2
100 250
g 807 200 | 4-NO2-ph
S 60} =
40 + e 4a-Lle-
% £100 | 4-OMe-Ph @h
© 2] " \ /
0 1 1 1 1 50 h
0 10 20 30 40 50 0 L L
Time (min) 0 2 4 6

Fig. 2. The kinetic progress of the oxidation of 4-
phenylurazole.

reaction mixture with dichloromethane, simple &tton and
evaporation of the solvent.

To investigate the kinetic progress of the desctibystem,
oxidation of 4-phenylurazole was carried out infetiént
periods of time. The results are outlined in Fig.A3 the
results show, the triazolinedione yield rises gediguand
steadily with increasing reaction time.

As Table 2 shows, the reaction rate slightly riséth
increasing the electron donation of the functiogadups on
aromatic ringswhich is clearly visible in Fig. 3.

In summary, in this paper we presented a mildalgtt
and efficient methodology for the oxidation of 4sstituted
urazoles using ammonium nitrate and catalytic artsoud

Fig. 3. Effect of functional groups on the oxidation of 4-
aromatic substituted groups.

over number (TON) and turn over frequency (TOF)tloé
catalyst were observed, (d) reagents and the catalgre
easily separated, and (e) waste was minimization.
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