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Abstract—( E)-N'-(Ethoxymethylene)hydrazinecarboxylic acid methyl ester was synthesized in one step in good yield. This reagent
was successfully applied to the one-pot synthesis of 4-substituted 2,4-dihydro-3H-1,2,4-triazolin-3-ones from readily available pri-
mary alkyl and aryl amines. This reaction process is relatively mild and easy to carry out. It is especially useful for the formation of
sterically hindered triazolinones, which are otherwise difficult to obtain via existing literature procedures. A possible mechanistic

pathway for the transformation is outlined.
© 2006 Elsevier Ltd. All rights reserved.

2,4-Dihydro-3H-1,2 4-triazolin-3-ones  (triazolinones)
are important pharmacophores in the drug discovery
process. Their biological activity and diverse medicinal
uses are exemplified by a range of therapeutic agents
such as antiviral and antitumor agents,' antihistamines,?
antibacterial agents,? cytidine aminohydrolase inhibi-
tors,* antihypertensive agents,> and central nervous sys-
tem drugs.® Among the reported synthetic methods for
the construction of triazolinones, one of the most often
used is nucleophilic substitution of an alkyl halide® or
Mitsunobu reaction’ of an alcohol with a triazolinone
synthon. However, these reactions do not work well
for sterically hindered substrates because of their Sn2
reaction character. Thus, alternative methods to con-
struct hindered triazolinones are of increasing interest
because of the growing demand for these moieties in
the pharmaceutical industry. Two primary synthetic
routes have been reported to synthesize non sterically
hindered 2-hydro-4-substituted-3 H-1,2,4-triazolin-3-
ones 4 (R =aryl or alkyl): through intramolecular
condensation of a l-acyl semicarbazide 2 (pathway
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A),? and intramolecular condensation of an amidrazone
3 (aminoalkylidenehydrazine carboxylate) (pathway B)’
(Scheme 1). However, the application of these two
routes to the preparation of triazolinones 4 (R = H),
which is the interest of our research is very limited.
Herein, we report a general and efficient method to syn-
thesize 2,4-dihydro-3H-1,2,4-triazolin-3-ones 4 (R = H)
(Scheme 1) from primary amines. We have recently
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reported the application of pathway A to the synthesis
of triazolinones 4 (R = H);'” in this letter, we examine
the feasibility of pathway B.

Many of the methods reported in the literature to pre-
pare amidrazone 3 involve the reaction of a hydrazino-
carboxylate with an iminoyl chloride, which often
needs to be synthesized from an appropriate amine.
Thus, this latter operation contributes an extra step to
the synthetic sequence. Secondly, another disadvantage
is potential sensitivity of other functional groups in the
molecule to the iminoyl chloride moiety. Most impor-
tantly, none of the existing methods to convert 3 to 4
worked well for sterically hindered triazolinones such
as those in which we were interested. Thus, new methods
to prepare 3 and new conditions to transform 3 to 4 are
of general interest. We surmised that 3 could be ob-
tained in one step if a reagent could be prepared that
would readily react with amines 1. Thus, we turned
our attention to the preparation of reagent N’-(eth-
oxymethylene)hydrazinecarboxylic acid methyl ester 5,
which should react with amines under very mild condi-
tions.'""!2 Fortunately, when methyl hydrazinocarboxyl-
ate was heated in neat triethyl orthoformate at 88 °C
for 64 h, compound 5 was obtained in good yield as a
white solid (Scheme 2). This reagent is stable for months
under ambient conditions and its shelf life can be
extended by storage over an appropriate drying agent.
"H-NOESY NMR spectroscopic studies showed the
structure of 5 prepared under these reaction conditions
to be the E-isomer.

With compound § in hand, we proceeded to explore the
synthesis of intermediate 3 and its subsequent conver-
sion to triazolinone 4. Since we were interested particu-
larly in the formation of hindered triazolinones, we
chose tert-alkyl amine 6 as an initial starting material.
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When a mixture of 5 (5equiv) and 6 in ethanol was
heated at 50 °C for 72 h, intermediate 7 could be isolated

Table 1. Efficient one-pot formation of 4-N-substituted 2,4-dihydro-
3H-1,2,4-triazolin-3-ones from primary amines using N’'-(ethoxymeth-
ylene)hydrazinecarboxylic acid methyl ester®

Entry Amine Triazolinone (yield)®
NH, N//(
1 L NH
MeO . MeO
17 (74%)
HN—N
\

Qo

10

4 N
N
20 (65%)
HN-N
H,N o \
13
21 (81%)
NH, HCI :Eg
6 Ph\/$ SN
Ph\/$
b 22 (55%)
V. N
wN 7 HN}/N Vi
7 ol
15 23 (76%)
HN-N N
RN NH, 2> NN
B S S davs
16
24 (34%)

#See Supplementary data for detailed procedure.
®Isolated yield of spectroscopically pure product.
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in good yield. We then attempted to convert 7 to 8.
However, to our disappointment, when 7 was subjected
to literature methods for converting amidrazones to
triazolinones, such as heating to high temperature®®®
or reacting under acidic conditions,”> 7 was reluctant
to cyclize or gave only a low yield of 8. We initially
thought the failure might be due to the steric hindrance
of the tert-alkyl group. After several failed attempts, we
surprisingly discovered that compound 8 could be iso-
lated in good yield when the reaction was carried out
in a one-pot fashion by addition of NaOMe/methanol
solution to the reaction mixture after the first step was
complete (Scheme 3).

With the reaction conditions well established, the scope
of this synthetic method was investigated. A variety of
primary and aromatic amines react well to give the
desired product in good to excellent yield, as shown in
Table 1. n-Alkyl amines and aniline give excellent yields
of the products (entries 1 and 2). sec-Alkyl amines work
well as well (entries 3 and 4). More importantly, steri-
cally hindered tert-alkyl amines cyclize smoothly to give
desired triazolinones 21, 22, and 23 in moderate to good
yield (entries 5, 6, and 7). Furthermore, when two hin-
dered triazolinone units are present in the same sub-
strate (entry 8), a 34% yield of product 24 could be
obtained. The synthesis of such fert-alkyl triazolinones
under literature reported standard conditions® is very
difficult. It is noteworthy that when the starting material
is an amine HCI salt, the reaction also proceeds
smoothly to give the desired product, albeit in slightly
lowered yield (entry 6). Since the reaction is carried
out under mild basic conditions (NaOMe/MeOH), func-
tional groups such as the phenolic methyl ether (entry
1), tertiary amine (entry 4), and alkyne (entry 7) are
all stable under the reaction conditions. Compared to
our previously reported route!® (Pathway A, Scheme
1), the current method utilizes a novel and readily syn-
thesized reagent 5 to form amidrazones, which are
otherwise difficult to synthesize from primary amines,
and which are subsequently converted to triazolinones
under relatively mild basic conditions. The yields
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obtained under the current conditions are slightly lower
than those obtained using pathway A; however, the
yield of the cyclization step is comparable despite that
the new conditions represent a two-step process per-
formed in a one-pot fashion. Although it appears that
this new method is only applicable to sterically hindered
triazolones of generic structure 4 (Scheme 1, R = H), as
reaction of an amine with a disubstituted hydrazone
could be slow, further investigation is in progress for
the efficient formation of 5-substituted triazolinones (4,
R = alkyl).

As shown above, the one-pot reaction proceeds well to
give the desired product. However, as described earlier,
the intermediate rert-alkyl amidrazone 7 does not cyclize
or gives only a low yield of 8 under a variety of condi-
tions when 7 is isolated in pure form. This apparently
contradictory result prompted us to formulate a possible
mechanistic pathway by which this reaction could take
place. Although it has been reported in the literature’
that 7 is a precursor for the formation of less sterically
hindered triazolinones, we propose that 25 could be an
alternative reaction intermediate in the formation of
more sterically hindered triazolinones. As outlined in
Scheme 4, in the one-pot reaction, we believe that com-
pound 6 first reacts with reagent 5 to give intermediate
25. Upon treatment with NaOMe, deprotonation of
the nitrogen proton alpha to the carboxylate in 25 gives
anion 26, which collapses to isocyanate 26’. This reac-
tive isocyanate undergoes ring closure to give 27, which
then loses a molecule of EtOH to give the desired
product.

In the case of the stepwise process in which 7 is isolated
and then resubjected to cyclization conditions, extensive
NMR spectroscopic studies have shown that the config-
uration of the C=N bond of 7 is predominantly cis,
which should enable the closure of the ring. However,
steric hindrance and the ring strain caused by the double
bond may increase the difficulty to form the desired
product under traditional heating or acidic conditions.
Under the currently investigated basic conditions, two
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possible intermediates, 25’ and 28, can be formed
(Scheme 5) when 7 is treated with NaOMe/MeOH.
Intermediate 25’ can either undergo the same process
as intermediate 25 (Scheme 4) to give the desired prod-
uct, or alternatively dissociate to starting material 6
and compound 5’, which is unlikely to revert to 25’ un-
der the reaction conditions because the formation of 25’
requires an excess of reagent 5’ (5 equiv) as well as pro-
longed reaction time. For intermediate 28, the anion
formed is a more stabilized one than that in 26 and it
may not follow the same reaction pathway as intermedi-
ate 26. So either way (through intermediate 25’ or 28)
will give low yield of compound 8 for sterically hindered
cases. However, we are not ruling out 7 as the interme-
diate for less sterically hindered substrates because 7 is
the observed intermediate by both mass spectroscopy
and after isolation in all cases. Further investigation into
the reaction pathway is underway, and will be reported
in due course.

In conclusion, we have synthesized ( E)-N'-(ethoxymeth-
ylene)hydrazinecarboxylic acid methyl ester in good
yield. This reagent was successfully applied to the one-
pot synthesis of 4-substituted 2,4-dihydro-3H-1,2,4-
triazolin-3-ones from readily available aromatic and
primary amines. This reaction process is relatively mild
and easy to carry out. It is especially useful for the
formation of sterically hindered triazolinones, which
are otherwise difficult to synthesize using existing litera-
ture procedures. A possible mechanistic pathway for the
transformation was outlined and further studies of the
reaction pathway are ongoing.
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