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Iodogen: A Novel Reagent for the Oxidation of Urazoles under Heterogeneous

Conditions
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Abstract: Iodogen is employed as an efficient oxidizing agent for
the conversion of urazoles and bis-urazoles into the corresponding
1,2,4-triazoles in good to excellent yields under mild heterogeneous
conditions at room temperature.
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1,3,4,6-Tetrachloro-3a,6a-diphenylglycoluril, also known
as iodogen (I), was first used by Fraker and Speck in 1978
for the radioiodination of proteins and cell membranes,'
and this procedure is still widely used for this purpose.?-
Iodogen (Figure 1) is a mild oxidizing agent and is as ef-
fective as enzymatic methods for the iodination of exter-
nally exposed residues, and is comparable with
chloramine-T for general protein iodination. In addition,
iodogen being a mild reagent results in limited oxidative
damage and retained cell viability.!!
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Figure 1 The structure of iodogen (I)

Di- and tetrachloroglycolurils were found to have good
bactericidal activity against test organisms. Chlorogly-
colurils, prepared using chlorine gas,"'>!3 generally have
greater thermal stability than other known chloroamides
which makes them very useful as impregnating agents for
clothing. Furthermore, as they contain a high percentage
of active chlorine, they are useful as neutralizing agents or
as antivesicants for mustard gas and other vesicants. Chlo-
rinated glycolurils have been proposed as the source of
chlorine for swimming pool sanitation and sewage treat-
ment.!

4-Substituted-1,2,4-triazole-3,5-diones (TADs) are well
known for their high reactivity in both thermal and photo-
chemical reactions, due to the presence of both carbonyl

SYNTHESIS 2009, No. 16, pp 2729-2732
Advanced online publication: 14.07.2009

DOI: 10.1055/5-0029-1216902; Art ID: Z06909SS
© Georg Thieme Verlag Stuttgart - New York

and azo moieties in the molecule. They can undergo self-
reactions leading to deazadimers'® and polymers.!”
Volanschi and coworkers have investigated the electro-
chemical behavior and redox reactivity of several 4-sub-
stituted 1,2,4-triazole-3,5-diones.'® TADs have been used
both as substrates and reagents in various organic reac-
tions including [2+2] cycloadditions,' dehydrogena-
tion,?° electrophilic aromatic substitution,?' condensation
of dicarbonyl compounds,? and oxidation of alcohols to
aldehydes and ketones.!®?3 The varied reactivity of TADs
makes them interesting compounds, however, they can be
difficult to prepare and purify. It is interesting to note that
4-phenyl-3H-1,2,4-triazole-3,5-dione (2e) is an extremely
reactive dienophile and enophile.?*

All the known methods for the preparation of 1,2,4-tri-
azole-3,5-diones involve oxidation of the corresponding
urazoles. Although a number of reagents are available for
the efficient oxidation of urazoles into TADs, this trans-
formation is not straightforward due to their high sensitiv-
ity to the oxidizing agents and the reaction conditions. In
addition, most of the reported reagents produce by-prod-
ucts, which either decompose the sensitive 1,2,4-triazole-
3,5-dione, or are difficult to remove from the reaction
product. Furthermore, the products are sensitive to light,
heat, alcohols, ethers, transition metals and several nu-
cleophiles. Another major drawback is the use of reagents
which are highly toxic or impose serious disposal prob-
lems, or both.?® The use of N-chloro- and N-bromo-con-
taining oxidizing agents have also been reported, but
without optimizing the reaction times or the amount of ox-
idizing agent required.?

The stability of iodogen and simple work-up procedure
make it a safe and convenient source of chlorine in com-
parison to chlorine gas, which is a highly toxic oxidizing
agent. During the reaction, iodogen is transformed into an
environmentally benign and easily removable by-product
(diphenylglycoluril which is insoluble in dichloro-
methane). Despite its advantages, there has been limited
application of I in organic synthesis. We have thus inves-
tigated iodogen as a mild reagent for the oxidation of ura-
zoles 1 and bis-urazoles 3 under heterogeneous conditions
(Scheme 1). Todogen can be easily prepared from diphe-
nylglycoluril.?’” The oxidation reactions are heterogeneous
as the solid substrates 1 and 3 are insoluble in the reaction
solvent (dichloromethane) whereas the products 2 and 4
are soluble in dichloromethane.
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Scheme 1 Synthesis of 1,2,4-triazole-3,5-diones 2 and 4

It should be noted that with the exception of iodogen as
the oxidizing agent, attempts to oxidize urazoles using
other active N-chloro reagents such as N-chlorosaccharin
(II), chloramine-T (IIT), N-chlorophthalimide (IV) and N-
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Figure 2  Structures of the N-chloro-based oxidizing agents II-VI

©:§ Eé o )L :

chlorosuccinimide (V) failed (Figure 2). In the case of
N,N’-dichlorophenobarbital (VI), urazoles were oxidized
into the corresponding 1,2,4-triazole-3,5-diones, howev-
er, we were unable to isolate the products due to their high
sensitivity.

Herein, we report a simple and inexpensive method for the
efficient oxidation of various urazoles 1 and bis-urazoles
3 into the corresponding 1,2,4-triazole-3,5-diones 2 and 4
under optimized heterogeneous conditions using iodogen
(I) (Table 1).

A plausible mechanism for this reaction involves in situ
generated chlorine cations acting as the oxidizing species.
Subsequent elimination of hydrogen chloride then yields
the 1,2,4-triazole-3,5-dione (Scheme 2).
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Scheme 2 A plausible mechanism for the iodogen-mediated oxida-
tion of urazoles or bis-urazoles into the corresponding 1,2,4-triazole-
3,5-diones
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Table 1 Oxidation of Urazoles 1 and Bis-Urazoles 3 into the Corresponding 1,2,4-Triazole-3,5-diones 2 and 4 Using Iodogen®

Entry  Urazole Product® R! R? Iodogen (mmol) Time (h) Yield (%)¢ Mp (°C)
Found Lit.
1 la 2a H Me 1.0 2.5 100¢ 98-99 97-98%0
2 1b 2b H Et 0.5 0.66 100¢ 53-55 545526
3 1c 2¢ Na* n-Pr 0.45 1 89 41-44 404220
4 1d 2d H c-Hex 0.5 0.33 92 95-96 95-97%%
5 le 2e H Ph 0.5 1 96 169-170 171-175%6
6 1f 2f H 4-CIC¢H, 0.5 1.5 91 130-133 132-135%%
7 1g 2 H  34-CLCH, 0.5 1.25 94 113-115 111-113%
8 1h 2h H 4-O,NC¢H, 1.0 2.5 90 125-127 125-126%
9 1i 2i H 4-MeOC¢H, 0.5 1.25 96 87-90 89-9328
10 1j 2j H 4-t-BuC¢H, 0.5 0.58 95 122-127 122-126%
11 3a 4a Na* (CH,)¢ 1.0 2 93 144-150 145-150%6
12 3b 4b H CH.CH,CH, 20 25 87 183 (dec.) 180-185 (dec.)?®

2 Reaction in CH,Cl, at r.t.

® The products are known and their spectra and physical data are reported in the literature.
¢ Yield of isolated product.

4 9% Conversion, as these compounds are very volatile.
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In conclusion, we have described iodogen (I) as a novel
reagent for the efficient and practical oxidation of ura-
zoles and bis-urazoles under heterogeneous conditions.
This system could be used for the oxidation of a range of
urazoles under mild and safe conditions.

Chemicals were purchased from Fluka, Merck and Aldrich. Melting
points were measured using a Stuart Scientific SMP3 apparatus and
are uncorrected. The "TH NMR (90 MHz) and '*C NMR (22.5 MHz)
spectra were recorded in CDCl; using a Jeol FX90Q spectrometer.
The oxidation products were characterized by comparison of their
spectral (IR, 'H and *C NMR) and physical data with authentic
samples prepared by reported procedures.?®*?8 NMR spectroscopic
data are provided for representative compounds.

4-Phenyl-3H-1,2,4-triazole-3,5-dione (2e); Typical Procedure
A mixture of 4-phenylurazole (1e) (0.176 g, 1 mmol) and iodogen
(I) (0.216 g, 0.5 mmol) in CH,Cl, (10 mL) was stirred at r.t. for 1 h.
The reaction mixture was filtered and the solvent evaporated? to
give 2e as a red, crystalline solid; yield: 0.167 g (96%).

"H NMR (90 MHz, CDCl,): 8 = 7.5 (s, 5 H, ArH).

13C NMR (22.5 MHz, CDCl,): § = 124.3, 129.6, 129.9, 158.0.

4-Methyl-3H-1,2,4-triazole-3,5-dione (2a)
Pink crystals.

'HNMR (90 MHz, CDCL,): § = 3.3 (s, 3 H, CH,).

4-Ethyl-3H-1,2.4-triazole-3,5-dione (2b)

Pink crystals.

'HNMR (90 MHz, CDCl,): 8 = 1.3 (t, J = 7.0 Hz, 3 H, CH;), 3.7 (q,
J=7.0Hz, 2 H, CH,).

13C NMR (22.5 MHz, CDCly): § = 12.7, 36.7, 159.2.

4-(4-Chlorophenyl)-3H-1,2,4-triazole-3,5-dione (2f)
Red crystals.
"H NMR (90 MHz, CDCl,): 6 = 7.4 (s, 4 H, ArH).

3C NMR (22.5 MHz, CDCly): &=125.1, 128.1, 130.3, 135.6,
157.8.

4-(4-Nitrophenyl)-3H-1,2,4-triazole-3,5-dione (2h)
Red crystals.
'H NMR (90 MHz, CDCl,): & = 7.9-8.4 (m, 4 H, ArH).

BC NMR (22.5 MHz, CDCly): §=124.0, 1254, 135.1, 147.7,
157.8.

4-(4-Methoxyphenyl)-3H-1,2,4-triazole-3,5-dione (2i)

Dark-red crystals.

"H NMR (90 MHz, CDCl,): 8 =3.9 (s, 3 H, OCH,), 7.0-7.4 (m, 4
H, ArH).

13C NMR (22.5 MHz, CDCl,): & = 55.6, 115.2, 125.6, 126.0, 158.0,
160.2.

4-(4-tert-Butylphenyl)-3H-1,2,4-triazole-3,5-dione (2j)

Red crystals.

'H NMR (90 MHz, CDCl,): 6 = 1.3 (s, 9 H, CH;), 7.2-7.5 (m, 4 H,
ArH).

4,4’-Hexane-1,6-diylbis(3H-1,2,4-triazole-3,5-dione) (4a)

Pink crystals.

"H NMR (90 MHz, CDCl5): § = 1.3-1.6 (m, 8 H), 3.6 (t,J = 7.0 Hz,
4 H).

13C NMR (22.5 MHz, CDCly): § = 25.5, 27.0, 41.1, 159.2.
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