
Tetrahedron Letters 46 (2005) 7993–7996

Tetrahedron
Letters
A novel and efficient synthesis of 2,5-substituted 1,2,4-triazol-3-ones
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Abstract—A novel procedure for preparing 1,2,4-triazol-3-ones is described. Various alkyl, aryl, and heterocyclic groups were intro-
duced successfully at both the N2 and C5 positions. The triazolone ring was constructed through an intramolecular cyclization of a
novel acyclic precursor, which in turn was synthesized by treating a mono protected hydrazine with an acyl isocyanate. Under con-
ditions that remove the hydrazine protecting group, the intramolecular cyclization occurs rapidly, to deliver the 2,5-substituted
1,2,4-triazol-3-ones in excellent yields (79–99%) without column purification.
� 2005 Elsevier Ltd. All rights reserved.
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Scheme 1. Synthetic analysis of 2,5-substituted 1,2,4-triazol-3-one.
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1. Introduction

The triazolone ring structure is found in a number of
biologically active compounds, including anti-fungals,1

anti-inflammatories,2 anti-tumor agents,3 PPARs ago-
nists,4 and NK1 antagonists.5 In our efforts to discover
novel therapeutic agents targeting G-protein coupled
receptors, we have found that 1,2,4-triazolone is a
potent structural scaffold. In order to explore structural
diversity at the N2 and C5 positions, we sought to
employ a general method to construct the core triazo-
lone ring.

The most widely used strategy toward construction of
the triazolone ring system is disconnection of bond A
to give intermediate II (Scheme 1).2,4,6 However, this
route has limited application, since the harsh conditions
(reflux in NaOH solution) required to cyclize intermedi-
ate II to the triazolone ring are not compatible with a
wide array of functional groups. Simultaneous discon-
nection of both bond A and bond B is another strategy
to generate this ring system. Intermediate IV and ortho-
ester V could be cyclized under milder reaction condi-
tions. Unfortunately, there are few orthoesters
commercially available and methods for their prepara-
tion are not general.

Disconnection of bond B offers an alternative attractive
route to the target (Scheme 1). Cyclization of intermedi-
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ate III might be more facile and efficient than that of
intermediate II because it would involve a more nucleo-
philic primary hydrazine attacking an electrophilic car-
bonyl group.

With this analysis, we proposed a synthetic route to
1,2,4-triazol-3-ones as shown in Scheme 2. A wide range
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Scheme 2. Proposed synthetic route to 1,2,4-triazol-3-ones.
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Table 1. Variation of the C5 substituent

Entry R Yield (%)

1 97

2 79a
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of primary amides 1 could be readily converted to
the corresponding acyl isocyanate 2, according to the
reported procedure for preparation of benzoyl isocya-
nate.7 Reaction of the mono protected hydrazine 3 with
the acyl isocyanate 2 would construct intermediate 4.
Sub-target structure III could then be generated through
removal of the Boc protection on its precursor 4 and
subsequently be cyclized to the target triazolone I.
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a For these entries, yields were calculated based on purified products
from silica column (MeOH/CH2Cl2 gradient) to remove small
amount of amide degraded from acyl isocyanate 6.

b For these entries, three equivalents of polymer-supported i-PrEt2N
were added into the reaction of protected hydrazine with acyl iso-
cyanate, to scavenge the HCl left from the reaction to form acyl
isocyanate.
2. Results and discussion

Our initial experiments demonstrated that the proposed
route was a viable and efficient way to prepare 1,2,4-tri-
azol-3-ones. The mono Boc protected hydrazine 58

reacted with an acyl isocyanate 6 to afford key interme-
diate 7 (Scheme 3). The excess isocyanate 6 was trapped
by polymer-supported trisamine. Upon removal of the
Boc protecting group in TFA/CH2Cl2 1:2 solution,
clean cyclization to the desired triazolone 9 was
observed. The cyclization reaction proceeded very fast
(<2 h), while the presumed acyclic intermediate 8 was
never detected by LC/MS. In most cases, the pure tri-
azolones 9 were obtained in good yields, without column
purification (Table 1).9 A wide range of acyl isocyanates,
including aryl (entries a and d), benzyl (entry b), func-
tionalized alkyl (entries c and e), hindered alkyl (entry
k), and heterocyclic (entries f, g, h, i, and j) groups
can be employed to give triazolone products in excellent
overall yields. Steric hindrance and substitution on
the aryl ring or alkyl chain of the acyl isocyanate, did
not markedly affect the reaction efficiency. Attempts
to convert unsubstituted pyridyl amides, such as nico-
tinic amide, to acyl isocyanates were unsuccessful. The
reaction gave insoluble species, which did not react well
with 5.

Following the method above, we investigated the scope
of substituents at the N2 position of triazolone (Scheme
4). A wide range of hydrazines 10 could be subjected to
the developed reaction conditions to give triazolones 13
in good yield with high purity (Table 2). We have been
able to successfully employ aryl (entries a and g), alkyl
(entries b–d), branched alkyl (entry e) and 2-pyridyl
(entry f) groups in the synthesis. Hydrazinecarboxylates
10 can be synthesized through direct mono protection of
a primary hydrazine,10,11 or reduction of a hydrazone
formed by reaction of the tert-butyl carbazate with an
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Scheme 3. Exploration of C5 substitutions of 1,2,4-triazol-3-one.
aldehyde or a ketone.12 The aryl or heterocyclic hydra-
zine species could also be constructed through a direct
SNAr displacement, an addition of arylmetallics to an
azodicarboxylate,13 or through a Buchwald–Hartwig-
type aryl amination reaction catalyzed by copper or
palladium.14
CbzN N
NHBoc

O
NH

R
O

CbzN N
N

O
NH

R

NH2

25 oC, 1 h

7

9



Table 2. Variation of the N2 substituents

Entry R Yield (%)

1 90a

2 95

3 96

4 99

5 86a

6
N
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7

Me

96a

a Products in these entries were obtained as pure TFA salts, which are
not soluble in CH2Cl2.

R NH
NHBoc

+

O

OCN
CH2Cl2

25 oC, 1 h

NH2

25 oC, 1 h
R N

NHBoc

NH
O

O

TFA:CH2Cl21:2

25 oC, 2 h
R N

N

NH
O

10 11 12

13

Scheme 4. Exploring the substitutions at N2 position.
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Finally, in an attempt to avoid the acidic conditions in
the cyclization step, we explore the use of benzyl carba-
mate as the hydrazine protecting group (Scheme 5). Fol-
lowing the same reaction sequence (Scheme 3),
intermediate 15was obtained. Hydrogenation of 15 under
a balloon atmosphere of hydrogen, in 1:1:1 mixture of
C2H5OH/EtOAc/CH2Cl2, gave cyclized triazolone 17
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Scheme 5. Cyclization of triazolone ring under neutral condition.
in high yield (92%), presumably through its acyclic pre-
cursor 16. The acyclic intermediate 16 was not detected
in the reaction, which indicates that the cyclization pro-
cess is also fast under neutral conditions. This serves to
further expand the scope of this methodology.

In summary, we have developed an efficient synthetic
route toward 1,2,4-triazol-3-ones. Without column puri-
fication, 2,5-substituted 1,2,4-triazol-3-ones can be ob-
tained in good yield and high purity. We have shown
that various alkyl, aryl, and heterocyclic groups can be
tolerated with this method. Cyclization of the triazolone
ring occurs rapidly, under both neutral and mild acidic
conditions, with high efficiency.
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