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ABSTRACT
A combination of molybdatophosphoric acid and NaNO

2 
in the presence of

wet SiO
2 
is used as an effective oxidizing agent for the oxidation of urazoles

and bis-urazoles to their corresponding triazolinediones under mild and
heterogeneous conditions with moderate to excellent yields.
 2012 Trade Science Inc. - INDIA

INTRODUCTION

4-Substituted 1,2,4-triazoline-3,5-diones (urazoles)
are very important materials for their high reactivity in
various kinds of chemical reactions. Among the differ-
ent applications of this group of chemicals in research
works, their use in the synthesis of new organic com-
pounds as well as their use in the new and convenient
methods for the preparation of organic compounds and
the study of chemical reactions can be pointed out.

Among the wide range of applications of 4-Substi-
tuted 1,2,4-triazoline-3,5-diones, their applications as
very reactive molecules in concerted reactions such as
Diels-Alder[1-10], ENE[11-22], and [2+2] cycloaddition re-
actions[23-24], as well as unconcerted reactions, for ex-
ample neucleophilic and addition reactions25-28, can
be pointed out. Modification of polydienes via ENE re-
actions is an example of application of triazolinediones
in polymer area[29].

Triazolinediones are also used as oxidating agents,
for example, in conversion of ketones to 1,2-
diketones[30], as well as oxidation of 1,3,5-trisubstituted
pyrazolines under mild conditions[31] and aromatization
of 1,4-dihydropyridines[32].

In addition to the nitrogen dioxide manner[33], 4-
sustituted triazolinediones are prepared using different
common methods of oxidation for urazoles such as silica
chloride/NaNO

2
[34], silica sulfuric acid/NaNO

2
[35],

Ph
3
BiCO

3
[36], KMnO

4
/Al

2
O

3
[37], 1,4-

diazabicyclo[2.2.2]octane, 1,4-bis(oxide)-bis(hydrogen
peroxide)/MCl [38], NO+crown H(NO

3
)

2
-[39],

Ca(OCl)
2

[40], K
2
Cr

2
O

7
/AlCl

3
[41], silica sulfuric acid/

KClO
3

[42], silica chloride/oxone[42], 1,3-Dihalo-5,5-
dimethylhydantoin[43], periodic acid, and oxone®/

KBr[44].
In this article, we wish to report a new, simple,

cheap, and convenient method for the effective oxida-
tion of 4-substituted 1,2,4-triazolidine-3,5-diones to
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corresponding 1, 2, 4-triazoline-3, 5-diones.

EXPERIMENTAL

Oxidation of 4-cyclohexyl urazole (1a) to 4-
cyclohexyl -1,2,4-triazoline-3,5-dione (2a): a typi-
cal procedure

Urazoles and bis-urazoles[45-49] were synthesized
according to previously reported procedures.

A suspension of compound 1a (0.092 g, 0.5 mmol),
molybdatophosphoric acid (0.913 g, 0.5 mmol),
NaNO

2
 (0.035 g, 0.5 mmol), and wet SiO2 (50% w/

w) (0.1 g) was added to the dichloromethane (10 ml),
and the suspension was vigorously stirred. The red sus-
pension was allowed to stir for 90 min and was filtered.
The residue was washed with CH

2
Cl

2
 (2×10 ml). The

filtrate was dried over anhydrous Na
2
SO

4
 (5 g), and

was filtered again. After 15 min, dichloromethane was
removed by water-bath (40�50 oC)[50] and simple dis-
tillation. The yield was 0.080 g (90%) of crystalline red
solid (2a), m.p. 95-97 oC[51], lit.[43] 95-96 oC.

RESULS AND DISCUSSION

In continuation of our studies on oxidation of
urazoles, we have found that a combination of
molybdatophosphoric acid and NaNO

2 
in the presence

of wet SiO
2
 generate NO+ as an effective oxidizing agent

for the oxidation of urazoles and bis-urazoles to their
corresponding triazolinediones. Thus in this article we
wish to report a simple, cheap, and convenient method
for the effective oxidation of urazoles and bis-urazoles
to their corresponding triazo-linediones under mild and

heterogeneous conditions. Different types of urazoles
(1) and bis-urazoles (3) were subjected to the oxida-
tion reaction with a combination of
molybdatophosphoric acid and NaNO

2 
in the presence

of wet SiO
2 
(50% w/w) in dichloromethane (Schemes

1 and 2).
The oxidation reactions were performed under mild

and completely heterogeneous conditions at room tem-
perature with moderate to excellent yields (TABLE 1).
The present oxidation reaction can be readily carried
out only by placing molybdatophosphoric acid and
NaNO

2
 with urazoles (1) or bis-urazoles (3), wet SiO

2

(50% w/w), and CH
2
Cl

2
 as the best solvent in a reac-

tion vessel, and efficiently stirring the resulting hetero-
geneous mixture at room temperature. The

Scheme 1 : Oxidation reaction of 4-substituted urazoles to
their corresponding triazolinediones at room temperature

Scheme 2 : Oxidation reaction of bis-urazoles to their corre-
sponding bis-triazolinediones at room temperature

TABLE 1 : Oxidation of urazoles (1) and bis-urazoles (3) to their corresponding triazolinediones (2) and bis-triazolinediones
(4) using molybdatophosphoric acid and NaNO

2
in the presence wet SiO

2
 (50% w/w) in dichloromethane at room temperature

Urazole 
Code 

Urazole 
mg 

(mmol) 

H3[P(MoO10)4] 
mg (mmol) 

NaNO2 
mg 

(mmol) 

Wet 
SiO2 

(mg) 

CH2Cl2 
(mL) 

Time 
(min) 

Triazolinedione 
code 

Triazolinedione 
mg 

Yield 
(%) 

1a 92 (0.5) 0.913 (0.5) 67 (1.0) 200 10 90 2a 80 90 

1b 106 (0.5) 0.913 (0.5) 67 (1.0) 200 10 90 2b 88 83 

1c 123 (0.5) 0.913 (0.5) 67 (1.0) 200 10 90 2c 82 67 

1d 111 (0.5) 0.913 (0.5) 67 (1.0) 200 10 90 2d 85 77 

1e 83 (0.5) 0.913 (0.5) 67 (1.0) 200 10 90 2e 61 86 

1f 79 (0.5) 0.913 (0.5) 67 (1.0) 200 10 90 2f 67 87 

3a 164(0.5) 1.825 (1.0) 135 (2.0) 200 15 90 4a 98 70 

3b 183 (0.5) 1.825 (1.0) 135(2.0) 200 15 90 4b 113 63 
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triazolinediones (2) and bis-triazolinediones (4) were
obtained by simple filtration and evaporation of the sol-
vent. The results and reaction conditions were tabu-
lated in TABLE 1.

As mentioned above, the oxidation reactions are
heterogeneous because urazoles and bis-urazoles [(1,
3) white solids] are insoluble in dichloromethane
whereas, the triazolinediones and bis-triazolinediones
[(2, 4), red and pink, respectively] are very soluble in
dichloromethane. Therefore, the oxidation reaction was
performed at the surface of wet SiO

2
 via insitu genera-

tion of NO+ (Scheme 3).

dicinal Chemistry Letters, 13, 1445 (2003).
[6] M.Stratakis, M.Hatzimarinaki et al.; J.Org.Chem.,

66, 3682 (2001).
[7] G.W.Breton, K.A.Newton; J.Org.Chem., 65, 2863

(2000).
[8] A.M.Boldi, C.R.Johnson et al.; Tetrahedron Let-

ters, 40, 619 (1999).
[9] J.S.Chen, K.N.Houk et al.; J.Am.Chem.Soc., 120,

12303 (1998).
[10] W.Adam, M.Gu1thlein et al.; J.Am.Chem.Soc.,

120, 4091 (1998).
[11] M.M.Roubelakis, G.C.Vougioukalakis et al.;

Org.Lett., 8(1), 39 (2006).
[12] D.A.Singleton, C.Hang et al.; J.Am.Chem.Soc.,

125(5), 1319 (2003).
[13] W.Adam, N.Bottke et al.; J.Am.Chem.Soc., 124,

14403 (2002).
[14] W.Adam, H.G.Degen; J.Am.Chem.Soc., 124,

12938 (2002).
[15] W.Adam, N.Bottke; J.Am.Chem.Soc., 122, 6791

(2000).
[16] W.Adam, N.Bottke; Org.Lett., 2(21), 3293 (2000).
[17] G.Vassilikogiannakis, Y.Elemes; J.Am.Chem.Soc.,

122, 9540 (2000).
[18] G.Vassilikogiannakis, M.Stratakis; Org.Lett., 2(15),

2245 (2000).
[19] W.Adam, A.Pastor; Org.Lett., 2(9), 1295 (2000).
[20] I.Erden, J.Song; Org.Lett., 2(10), 1383 (2000).
[21] G.Vassilikogiannakis, M.Stratakis; J.Org.Chem., 64,

4130 (1999).
[22] D.A.Singleton, C.Hang; J.Am.Chem.Soc., 121,

11885 (1999).
[23] G.W.Breton, J.H.Shugart et al.; Org.Lett., 3(20),

3185 (2001).
[24] D.J.Hogenkamp, F.D.Greene; J.Org.Chem., 58,

393 (1993).
[25] P.S.Baran, C.A.Guerrero et al.; Org.Lett., 5(11),

1991 (2003).
[26] V.Schapiro, G.Cavalli et al.; Tetrahedron, Asymme-

try, 13, 2453 (2002).
[27] H.Wamhoff, C.Ho1hmann et al.; Org.Lett., 2(5),

581 (2000).
[28] M.Aknin, A.Rudi et al.; J.Nat.Prod., 61, 1286

(1998).
[29] G.B.Butler; Ind.Eng.Chem.Prod.Res.Dev., 19, 512

(1980).
[30] R.M.Wilson, A.C.Hengge et al.; J.Org.Chem.,

55(1), 197 (1990).
[31] M.A.Zolfigol, D.Azarifar et al.; Tetrahedron Let-

ters, 47, 833 (2006).

Scheme 3 : A proposed mechanism for insitu generation of
NO+ and its reaction with urazoles

In conclusion, a practical and efficient oxidation of
urazoles and bis-urazoles was achieved. We suggest
that these systems could be used for the oxidation of a
wide variety of urazole derivatives under mild and safe
conditions.

ACKNOWLEDGMENT

The authors are grateful to the Research Council of
Shahrood University of Technology for the financial sup-
port of this work.

REFERENCES

[1] L.Feliu, P.Vera-Luque et al.; Journal of Combina-
torial Chemistry, 9(4), 522 (2007).

[2] A.J.Preston, J.C.Gallucci et al.; J.Org.Chem., 71,
6573 (2006).

[3] X.Lei, N.Zaarur et al.; J.Org.Chem., 70, 6474
(2005).

[4] X.Lei, J.A.Jr.Porco; Org.Lett., 6(5), 795 (2004).
[5] P.D.Boatman, J.Urban et al.; Bioorganic & Me-



282

Full  Paper

Mild and heterogeneous oxidation of urazoles OCAIJ, 8(7) 2012

An Indian Journal
Organic CHEMISTRYOrganic CHEMISTRY

[32] M.A.Zolfigol, A.C.Ghorbani et al.; Tetrahedron
Letters, 46, 5581 (2005).

[33] T.J.Gilbertson, T.Ryan; Synthesis., 159 (1982).
[34] M.A.Zolfigol, M.Torabi et al.; Tetrahedron, 57, 8381

(2001).
[35] M.A.Zolfigol, G.Chehardoli et al.; Synthetic Com-

munications, 33, 833 (2003).
[36] C.Me´nard, E.Doris et al.; Tetrahedron Letters,

44(5), 6591 (2003).
[37] A.R.Hajipour, S.E.Mallakpour et al.; Indian

J.Chem.Sec.B., 41(11), 2425 (2002).
[38] M.A.Zolfigol, P.Salehi et al.; Bull.Chem.Soc.Jpn.,

76(8), 1673 (2003).
[39] M.A.Zolfigol, M.H.Zebarjadian et al.; Tetrahedron,

57, 1627 (2001).
[40] M.A.Zolfigol, S.Mallakpour et al.; Bull.Korean

Chem.Soc., 25(8), 1251 (2004).
[41] I.Mohammadpoor-Baltork, M.M.Sadeghi et al.;

Synthetic Communications, 32(22), 3445 (2002).
[42] M.A.Zolfigol, M.H.Zebarjadian et al.; Catalysis

Communications, 8, 256 (2007).
[43] M.A.Zolfigol, H.Nasr-Isfahani et al.; Synlett., 5, 761

(2005).
[44] M.A.Zolfigol, M.Bagherzadeh et al.; Journal of

Molecular Catalysis, 270, 219 (2007).
[45] S.E.Mallakpour, M.A.Zolfigol; Indian J.Chem., 34B,

183 (1995).
[46] S.E.Mallakpour, M.A.Zolfigol; Indian J.Chem., 34B,

302 (1995).
[47] S.E.Mallakpour, M.A.Zolfigol; Indian J.Chem., 37B,

1001 (1998).
[48] S.E.Mallakpour, M.A.Zolfigol; Indian J.Chem., 38B,

777 (1999).

[49] S.E.Mallakpour; J.Chem.Ed., 69, 238 (1992).
[50] These Compounds are Sensitive to Light, Heat,

Alcohols, Ethers, Transition Metals, and Any Nu-
cleophiles. Also, They are Very Volatile so That, If
The Temperature Rises Over 50 Oc In The Course
of Removing of CH

2
Cl

2
, Some Tads are Removed

With The Solvent Simultaneously. Therefore, The
Temperature Must be Controlled and
Dichloromethane is The Best Solvent For This Pur-
pose.

[51] Spectroscopic data: 2a: 4-Cyclohexyl-1,2,4-
triazoline-3,5-dione: pink crystal, mp 95�97 oC, Lit.
[43] 95�96 oC. 1H NMR (CDCl

3
): ä 1.26�1.8 (m,

10H), 3.90 (m, 1H). 2b: 4-(4-Chloro phenyl)-1,2,4-
triazoline-3,5-dione: red crystal, mp 132�135 oC, Lit.
[43] 130�132 oC. 1H NMR (CDCl

3
): ä 7.41 (S, 5H).

2c: 4-(3,4-Dichloro phenyl)-1,2,4-triazoline-3,5-dione:
red crystal, mp 111�113 oC, Lit. [43] 113�115 oC.
2d: 4-(4-Nitro phenyl)-1,2,4-triazoline-3,5-dione: red
crystal, mp 125�126 oC, Lit. [43] 128�129 oC. 1H
NMR CDCl

3
): ä 7.89�8.40 (m, 5H). 2e: 4-n-Pro-

pyl-1,2,4-triazoline-3,5-dione: pink crystal, mp 40�
42 oC, Lit. [43] 44 oC. 1H NMR (CDCl

3
): ä 0.94 (t,

3H), 1.68 (m, 2H), 3.63 (t, 2H). 2f: 4-n-Butyl-1,2,4-
triazoline-3,5-dione: pink crystal, mp 42�43 oC, Lit.
[43] 44�44.5 oC. 1H NMR (CDCl

3
): ä 0.86 (t, 3H),

1.21�1.53 (m, 4H), 3.5 (t, 2H). 4a: 1,6-Bis-(3,5-

dioxo-1,2,4-triazoline-4-eyl)-hexane: pink crystal, mp
145�150 oC, Lit. [43] 146�149 oC. 1H NMR
(CDCl

3
): ä 1.33�1.62 (m, 8H), 3.65 (t, 4H). 4b: Bis-

(para-3,5-dioxo-1,2,4-triazoline-4-eyl-phenyl)-meth-
ane: pink crystal, mp 180�185 oC (dec), Lit. [43]
185 oC (dec).


