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Abstract—A high yield preparation of 1-amino-2-aza-1,3-butadienes derived from b-amino esters from N-unsubstituted amidines
and acetylenic esters is described. These substrates are efficient starting material for the preparation of dihydrotriazines and 5-amino
pyrrolidin-3-ones.
� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

Functionalized 2-azabutadiene systems have proved to
be efficient key intermediates in organic synthesis for
the preparation of heterocycles,1,2 and the presence of
electron-donating groups in these substrates favour their
reactivity with electron-deficient dienophiles.1–3 In this
context, we have been involved in the design of new
strategies for the preparation of three,4 five5 and six6

nitrogen heterocyclic compounds as well as in the syn-
thesis of 1-aza7 I (Fig. 1) or 1,2-diaza-1,3-butadienes
II.8 Likewise, we described the preparation of function-
alized 2-azadiene systems III (Fig. 1)9 and electron-
poor 2-aza-1,3-butadienes derived from amino esters10

and their use in the preparation of heterocyclic
compounds.9,10
0040-4039/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.
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Figure 1.
The synthetic interest of electron-rich 2-azadienes3,11

and a recent publication12 reporting the cyclocondensa-
tion of N-substituted amidines with dimethyl acetylene-
dicarboxylate to give 1-substituted-5-dialkylamino-4-
pyrrolin-3-ones prompted us to report our own results
concerning a high yield synthesis of a new family of
1-amino-2-aza-1,3-butadienes IV (Fig. 1) from N-un-
substituted amidines13 and acetylenic esters and their
use for the preparation of five and six membered
heterocycles.
2. Results and discussion

1-Amino-2-azadienes 3a–e (R1 = Me, Ph) were obtained
with excellent yields through a conjugated addition of
amidines 1 to acetylenic esters 2 (Scheme 1, Table 1,
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Table 1. 2-Aza-1,3-butadienes 3, dihydrotriazines 5 and 5-aminopyrrolidin-3-ones 8, 10 and 11 obtained

Entry Compound R R1 R2 R3 Reaction conditions Yield (%) 3E/3Z (%) Mp (�C)

T (�C) Time (h) Solvent

1 3a Et Me CO2Me Me �10 4 CHCl3 97a 100/0 Oil
2 3b –(CH2)5– Me CO2Me Me �15 2 CHCl3 95a 100/0 Oil
3 3c –(CH2)5– Ph CO2Me Me �15 5 CHCl3 99a 0/100 Oil
4 3d Et Me H Et 20 24 CHCl3 98a 20/80 Oil
5 3e –(CH2)5– Me H Et 20 24 CHCl3 95a 35/65 Oil

6 3f OCH3 Me CO2Me Me �15 4 CHCl3 90b 100/0 Oil

7 5a Et Me CO2Me Me 110 72 Toluene 6b — Oil
8 5c –(CH2)5– Ph CO2Me Me 60 24 CHCl3 56b — Oil
9 6a Et Me CO2Me Me 60 72 CHCl3 34b — Oil

10 8 — — — — 110 72 Toluene 56b — Oil
11 10a Et — — — 140 24 Xylene 73b — 167–168
12 10b –(CH2)5– — — — 140 24 Xylene 66b — 164–165
13 11 — — — 25 15 CHCl3 48 — Oil

a Percentage of consumption of the starting material by NMR analysis of the crude reaction mixture.
b Yield of isolated compounds by column chromatography.
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entries 1–5). 1-Amino-2-azadienes 3a–e were unstable to
distillation or chromatography and therefore were not
isolated and used in situ for the following reactions.
The presence of the non isolable compounds was estab-
lished on the basis of the spectroscopic data of their
crude reaction mixtures.14,15 The isomerization of E,Z
towards E,E isomer was observed when a solution of
E,Z isomer of 3d or 3e was heated at 60 �C in CHCl3.
Similar isomerizations of 2-azadienes derived from b-
amino esters have been observed previously.16 The scope
of this process is not restricted to the use of achiral alkyl
and aryl amidines 1 (R1 = Me, Ph), given that optically
active amidine derived from (S)-2-methoxymethylpyrr-
olidine gave only optically active E,E-1-amino-2-azadi-
ene 3f (Scheme 1, Table 1, entry 6).

Then, the synthetic usefulness of the new 1-amino-2-
azadienes 3 as key intermediates in organic synthesis
and especially in the preparation of heterocyclic deriva-
tives was explored. Amino substituted 2-azadiene 3c
containing an aryl group (R1 = Ph) reacted with diethyl
azodicarboxylate 4 in refluxing CHCl3 to give six mem-
bered heterocyclic compound 5c17 (Scheme 2, Table 1,
entry 8). The structure of compound 5c was assigned
on the basis of the 1D and 2D NMR spectroscopy,
including HMQC and HMBC experiments and mass
spectral data. The mass spectrometry of 5c showed the
molecular ion peak (m/z 419). The formation of com-
pound 5c could be explained either by a concerted
[4+2] Aza-Diels–Alder (ADA) process with formation
of cycloadduct 7 followed by the loss of amine
(HNR2), or through addition of the enamine moiety of
azadiene 3 to azoester 4 to give acyclic compounds 6 fol-
lowed by its intramolecular addition of the NH to the
amidine group with the formation of cycloadduct 7
and the subsequent loss of amine (HNR2).

In order to test the pathway of the process, we try to
trap the acyclic 6 or cyclic intermediate 7. Thus, the
treatment of compound 3a (R1 = R3 = Me,
R2 = CO2Me) in refluxing CHCl3 with diethyl azodi-
carboxylate 4 afforded the acyclic derivative 6a (Scheme
2, Table 1, entry 9). Moreover, we have also observed
that heating acyclic compound 6a in refluxing toluene
compounds 5a (6%) and 8 (56%) were obtained (Scheme
2, Table 1, entries 7 and 10). The structure of com-
pounds 5a was established by comparison with dihydro-
triazine 5c (vide supra). On the other hand, the structure
of compound 8 (Scheme 2) was assigned on the basis of
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the 1D and 2D spectroscopy, including NOESY-1D,
HMQC and HMBC experiments and mass spectral
data. The 1H NMR spectrum of compound 8 showed
a singlet at 3.88 ppm for three hydrogens of OMe group,
one singlet at 4.71 ppm for the cyclic enaminic hydrogen
bonded to C-4. The 13C NMR spectrum of 8 showed the
disappearance of one carboxylate group from the pre-
cursor acyclic derivative 6 and the appearance of one
signal at 179.7 ppm corresponding to a carbonyl group.

The formation of compound 5a could be explained by
the intramolecular addition of the NH to the amidine
group of acyclic compounds 6 to give cycloadduct 7 fol-
lowed by the loss of amine (HNR2). However, the for-
mation of compound 8 involves the enaminic tautomer
form 9 of compound 6a which cyclizes by intramolecular
cyclocondensation to compound 8 with the loss of
MeOH. This heterocyclic compound 8 contains the
5-dialkylamino-4-pyrrolin-3-one skeleton, and it is
noteworthy that these compounds are very important
substrates for the preparation of biologically active
tetramic acid derivatives18 and antibiotics.19

With these results in hand and with the objective of
obtaining simple 5-amino-4-pyrrolin-3-ones, we per-
formed the thermal treatment of 1-amino-2-azadienes
3a,b (R1 = R3 = CH3, R2 = CO2Me) in xylene at
140 �C in a sealed tube to give cyclic derivatives 10a,b
directly (Scheme 3, Table 1, entries 11 and 12). The for-
mation of compounds 10 could be explained by the
intramolecular cyclization of the enaminic tautomer 3’
of compounds 3 (R1 = CH3) and the loss of methanol.
The structure of compounds 10 was assigned on the ba-
sis of 1D and 2D spectroscopic data.20 HOESY 1H–13C
experiment for compound 10a showed a cross signal be-
tween the hydrogen atom of amino group and carboxyl-
ate carbon atom, which suggests an hydrogen bridge
bonding between amino and carboxylate groups. More-
over the IR spectra of compound 10a showed a signal
corresponding to a frequency associated with an amino
group at 3409 cm�1 which does not change with sample
dilution (0.5 M, 0.25 M, 0.12 M in CHCl3). This result is
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consistent with the presence of the hydrogen bridge
bonding between the hydrogen atom of the amino group
and the oxygen atom of the carboxylic group, which
indicates the Z configuration of exocyclic double bond.

5-Amino-4-pyrrolin-3-ones 10 are multifunctional com-
pounds containing two enamines, an enaminone and a
secondary enamino ester. Then, the regioselective
enaminone character (reaction through the C-4) versus
the enamino ester reactivity (reaction through the exo-
cyclic carbon) was explored by the reaction of com-
pound 10a with diethyl azodicarboxylate 4 at room
temperature in CHCl3, and only adduct 11 (Scheme 3,
Table 1, entry 13) was obtained in a regioselective fash-
ion. The formation of this compound can be explained
by the nucleophilic addition of C-4 (enaminone moiety)
of 5-amino-1,2-dihydropyrrol-3-one ring of 10a to the
electrophilic nitrogen of diethyl azodicarboxylate. Com-
pound 11 was characterized by its spectroscopic data.
Thus, 1H NMR spectroscopic data showed the disap-
pearance of the signal at around 4.7 ppm corresponding
to the cyclic enaminic proton, while the signal at
5.79 ppm corresponding to exocyclic enaminic proton
remained. The mass spectrometry of compound 11
showed a molecular ion (m/z 398, 6%).

In conclusion, 1-amino-2-azadienes derived from b-ami-
no esters can be prepared readily with very high yields
by conjugated addition of N-unsubstituted amidines to
acetylenic compounds. These substrates react with
azoesteres to afford acyclic and heterocyclic compounds.
Moreover, the substituted 1-amino-2-azadienes contain-
ing a carboxylate group in position 3 cyclize to give 5-
amino-4-pyrrolin-3-ones. The new family of 1-amino-
2-azadienes derived from b-amino esters may be impor-
tant synthons in organic synthesis and in the prepara-
tion of acyclic derivatives heterocycles,1–3 while the
preparation of 5-dialkylamino-4-pyrrolin-3-one deriva-
tives may open a new way for the preparation of biolog-
ically active tetramic acid derivatives.18,19
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