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Abstract: 1,2-Diaza-1,3-dienes easily react as Michael acceptors
with arylamidoximes in a one-pot, high-yield heterocyclization pro-
cess. Depending on the linear or cyclic structure of the ene mojety,
1,2,4-oxadiazin-5-ones or spiro cycloalkyl-1,2,4-oxadiazin-5-one
derivatives can be directly obtained.
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The development of general and simple synthetic path-
ways for the generation of new and original libraries of
heterocyclic compounds is currently one of the most im-
portant challenges in organic chemistry. A literature sur-
vey revealed that oxadiazine derivatives possess quite
interesting pharmacological properties1 and other biolog-
ical activities.2

Although the use of amidoximes3 as building blocks in
1,2,4-oxadiazole synthesis from different substrates is
well documented,4 their use to produce 1,2,4-oxadiazine
derivatives is scarcely represented,5a–d especially by reac-
tion with activated a,b-unsaturated systems.5e

Based on our experience concerning the construction of
useful heterocyclic scaffolds from 1,2-diaza-1,3-dienes,6

we wanted to approach a straightforward method for ac-
quiring the title compounds.

Conjugated heterodiene system enhances the electrophilic
character of the terminal carbon of 1,2-diaza-1,3-dienes
making it capable of undergoing nucleophilic attack.
Since arylamidoximes possess both a hydroxyimino and
an amino group at the same carbon atom, they appeared to
be the appropriate for the construction of oxadiazine ring.

Initially, we investigated the reactivity between 1,2-diaza-
1,3-butadienes 1a–f and arylamidoximes 2a–c in non-
polar and polar solvents (toluene, THF, MeCN, DMF,
MeOH). In every case, the reaction was fast and proceed-
ed through a regioselective O-nucleophilic attack of the
amidoxime derivative at terminal carbon of the conjugat-
ed azo–ene system allowing to produce stable Michael
adducts 3a–j in nearly quantitative yields (83–99%;

Scheme 1, Table 1). In principle and according to our pre-
vious similar study,7 under basic conditions the amidine
function could provide different intramolecular ring clo-
sures: one at the ester function bonded at C4, the other at
the hydrazono function.

It was found that the treatment of 3a–j in THF with a
stoichiometric amount of NaH promoted regioselective
intramolecular cyclization at the ester function with loss
of an alcohol molecule affording 1,2,4-oxadiazin-5-one
derivatives 4a–j in moderate yields.

Scheme 1

Based on these observations and with the aim of develop-
ing a one-pot protocol for these heterocyclic compounds,8

we decided to carry out the reactions between 1a–f and
2a–c, firstly in the appropriate alcohol until formation of
3a–j9 and then by adding NaH to promote the ring closure.
This tandem Michael addition–heterocyclization process,
followed by acidic workup, exclusively provided new
widely functionalized 1,2,4-oxadiazin-5-one derivatives
4a–j10 in excellent yields (78–89%; Table 1). To the best
of our knowledge, only one report exists for similar com-
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pounds, prepared by Santilli who used dimethyl acety-
lenedicarboxylate as activated unsaturated system.5e

With optimized conditions in hand, a variety of cyclic
conjugated azoalkenes was used to establish the generali-
ty and efficiency of this protocol. Cycloalkenyl-1-di-
azenes 1g–j11 readily reacted with arylamidoximes 2b,c in
ethanol at room temperature to produce hydrazone deriv-
atives 3. These were not isolated but were immediately
treated with NaH to give the subsequent [4+2] hetero-
cyclization process (Scheme 2, Table 2). After evapora-
tion of the reaction solvent and subsequent acidic
workup,12 novel spirocycloalkyl-1,2,4-oxadiazin-5-one
derivatives 5a–d13 were obtained. In agreement with the
above previous results and in contrast with results with
similar reactive systems,14 internal nucleophilic attack by
means of the amidino function took place exclusively at
the ethoxycarbonyl group at C4 of cycloalkyldiazenes 1g–j.

In summary, we have reported an easy and efficient one-
pot synthesis of a set of widely functionalized 1,2,4-oxa-

diazin-5-one derivatives by coupling arylamidoximes
with 1,2-diaza-1,3-dienes as activated olefinic systems.

One of the most interesting features of the methodology
presented here is that there is no need to isolate Michael
adducts, therefore constituting a practical, high-yielding,
one-pot protocol for the formation of 1,2,4-oxadiazin-5-
one derivatives variously functionalized at C6 of the six-
membered heterocycle giving materials potentially useful
as plant hormones and herbicides.15

Table 2 Synthesis of Spiro Cycloalkenyl-1,2,4-Oxadiazine Deriva-
tives 5a–d

Entry Cycloalkenyl-1-diazene 1 Arylamidoxime 2 Spiro 5

1 R1 n 2 Ar 5 Yield 
(%)a

11 1g CO2Me 1 2b 4-t-BuC6H4 5a 79

12 1h CO2Me 2 2c Ph 5b 95

13 1i CONHPh 2 2c Ph 5c 92

14 1j CO2Bn 2 2c Ph 5d 85

a Yield of pure isolated product in one-pot procedure.

Table 1 Results of the Synthesis of Michael Adducts 3a–j and 1,2,4-Oxadiazin-5-one Derivatives 4a–j

Entry 1,2-Diaza-1,3-butadiene 1 Arylamidoxime 2 Michael adduct 3

1 R1 R2 R3 2 Ar 3 Yield (%)a 4 Yield (%)b

1 1a CO2Me Me Me 2a 4-MeC6H4 3a 92 4a 87

2 1b CO2t-Bu Me Me 2a 4-MeC6H4 3b 95 4b 86

3 1c 4-O2NC6H4 Me Me 2a 4-MeC6H4 3c 90 4c 85

4 1d CO2Et Et Me 2b 4-t-BuC6H4 3d 83 4d 78

5 1e CO2Bn Me Me 2b 4-t-BuC6H4 3e 97 4e 88

6 1a CO2Me Me Me 2c Ph 3f 99 4f 84

7 1b CO2t-Bu Me Me 2c Ph 3g 83 4g 89

8 1d CO2Et Et Me 2c Ph 3h 98 4h 81

9 1e CO2Bn Me Me 2c Ph 3i 93 4i 79

10 1f CO2t-Bu Me Et 2c Ph 3j 95 4j 86

a Yield of pure isolated adduct.
b Yield of pure isolated product in one-pot procedure.
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