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Unexpected cleavage of the N–N bond in the reactions
of 3-pyrazolidinone-1-azomethine imines with HCN
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Abstract—Treatment of (1Z,4R*,5R*)-1-arylmethylidene-4-benzamido-5-phenylpyrazolidin-3-one 1-azomethine imines 4a–d with
potassium cyanide in the presence of acetic acid resulted in addition of HCN to the exocyclic C@N double bond followed by b-elim-
inative N–N single bond cleavage (ring opening) to give the N-[(1R*,2R*)-3-amino-2-benzamido-3-oxo-1-phenylpropyl]benzimidoyl
cyanides 6a–d in 28–85% yields. Reaction of dipole 4e with HCN furnished stable intermediate, (1 0S*,4R*,5R*)-4-benzamido-1-
[cyano(mesityl)methyl]-5-phenylpyrazolidin-3-one (5e), in 76% yield. The structure of compound 6c was determined by X-ray
diffraction.
� 2007 Elsevier Ltd. All rights reserved.
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Figure 1. Some important pyrazolidinone derivatives.
The importance of pyrazolidin-3-ones has increased sig-
nificantly in the last decade, due to their applicability in
industrial processes, and because several pyrazolidin-3-
one derivatives exhibit biological activities. Some exam-
ples of important pyrazolidinone derivatives are given in
Figure 1.1–11

Over the last decade, part of our research interest has
also been devoted to the chemistry of pyrazolidinones
and their fused analogs.12–23 In connection with this,
5,5-dimethylpyrazolidin-3-one (1) and (4R*,5R*)-4-benz-
amido-5-phenylpyrazolidin-3-one (2) (cf. Fig. 1) were
used as model compounds for further transformations
into pyrazolylalanines,13,14 b-alkylamino-b-phenyl-
alaninamides,15 pyrazolo[1,2-a]pyrazolones12,18,21,23 and
other functionalised heterocycles.16,17,19 Our studies on
the 3-pyrazolidinone series were focused on 1,3-dipolar
cycloadditions of 3-pyrazolidinone-1-azomethine imines
to various dipolarophiles in order to establish the reac-
tivity and selectivity pattern of these reactions. Gener-
ally, these cycloadditions were highly stereoselective
with stereocontrol depending on the structure of both
components: the dipole and the dipolarophile.18,21,23

Recently, these studies were also extended towards the
combinatorial synthesis of pyrazolo[1,2-a]pyrazolones.23

Previously, we reported the reaction of (1Z,4R*,5R*)-
1-benzylidene-4-benzamido-5-phenylpyrazolidin-3-on-1-
0040-4039/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2007.05.142

* Corresponding author. Tel.: +386 1 2419 100; fax: +386 1 2419
220; e-mail: jurij.svete@fkkt.uni-lj.si
azomethine imine (4a) with potassium cyanide in the
presence of acetic acid.12 On the basis of the spectral
and analytical data of product 6a and due to almost neg-
ligible C„N absorption at �2200 cm�1, we concluded
that 1,3-dipolar cycloaddition of 4a to the C„N triple
bond took place to give a pyrazolo[1,2-a][1,2,3]triazole
derivative.12 Based on this example, we recently became
interested in parallel cycloadditions of azomethine imi-
nes 4 to the C„N triple bond. We expected that these
reactions might offer access to pyrazolo[1,2-a][1,2,3]tri-
azole derivatives and we carried out parallel reactions of
azomethine imines 4a–e with potassium cyanide in the
presence of acetic acid. However, upon X-ray diffraction
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analysis of product 6c (Fig. 2) we realised that cleavage
of the N–N single bond (i.e., ring opening) had occurred
and not the cycloaddition reaction. Thus, the previously
published structural assignment for compound 6a was
erroneous,12 as reaction of dipole 4a with potassium
cyanide gave N-[(1R*,2R*)-3-amino-2-benzamido-3-oxo-
1-phenylpropyl]benzimidoyl cyanide (6a) and not the
pyrazolo[1,2-a][1,2,3]triazole derivative. Herein, we
report the preliminary results of a study on reactions
of azomethine imines 4 with potassium cyanide.

First, (1Z,4R*,5R*)-1-arylmethylidene-4-benzamido-5-
phenylpyrazolidin-3-on-1-azomethine imines 4a–e were
prepared by parallel acid-catalysed treatment of
(4R*,5R*)-4-benzamido-5-phenylpyrazolidin-3-one (2)
with aldehydes 3a–e following the general literature pro-
cedure.23 Dipoles 4a–e were then treated with 1.5 equiv
of potassium cyanide in the presence of 1.15 equiv of
acetic acid in methanol at room temperature for 3 h to
give products 6a–d and 5e, respectively, in 28–85%
yields.24–29 A possible explanation for the reaction
mechanism includes addition of hydrogen cyanide to
azomethine imine 4 giving adduct 5. Subsequent b-elim-
ination of the carboxamide moiety via N–N single bond
fission (i.e., opening of the pyrazolidinone ring) leads to
N-[(1R*,2R*)-3-amino-2-benzamido-3-oxo-1-phenylprop-
yl]benzimidoyl cyanide 6. This proposed mechanism is
supported by the isolation of intermediate 5e, which did
not undergo ring opening. The higher stability of 5e
might be explained by steric hindrance as a result of
the two ortho-methyl groups, which prevent deprotona-
tion and eliminative ring opening. An alternative expla-
nation might be that the b-elimination step requires an
antiperiplanar conformation around the C(1 0)–N(1) sin-
Figure 2. ORTEP view of compound 6c.
gle bond, which is not feasible in the case of a bulky
mesityl group. Addition of HCN to the azomethine
imine 4e was stereoselective, since compound 5e was iso-
lated in diastereomerically pure form. Unfortunately, we
were unable to determine the configuration at the newly
formed stereocenter at position 1 0. Presumably, addition
of the cyanide to the exocyclic C(1 0)@N(1) double bond
took place preferentially from the less hindered Re-face
to give the (1 0S*,4R*,5R*)-diastereoisomer 5e (Scheme
1).

The structures of compounds 6a–d and 5e were deter-
mined by spectroscopic (IR, 1H NMR, 13C NMR,
MS, HRMS) methods and by analyses for C, H and
N.25–29 The structure of compound 6c was determined
by X-ray diffraction (Fig. 2).30 The structures of 6a, b,
d were confirmed by correlation of the chemical shifts
for the H–C(10), H–C(20) and NH2 protons as well as by
correlation of the 3JH–H coupling constants, 3JH10–H2 0

and 3JH2 0–NH. In the 1H NMR spectra of compounds
6a–d, the CONH2 group appeared as two singlets at
�7.1 ppm and �7.6 ppm. This non-equivalency of
NH2 protons was not surprising and can be explained
by the restricted rotation around the C–N single bond
(topomerization),31 enhanced by additional intramole-
cular C@N� � �H– N hydrogen bonding between the imine
nitrogen atom and the amide protons (cf. Scheme 1). On
the other hand, NMR data for compound 5e were con-
sistent with the 1-alkyl-3-pyrazolidinone structure. Simi-
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Scheme 1. Reagents and condition: (i) Ar–CHO (3a–e), EtOH, TFA
(cat.), reflux (Ref. 23); (ii) KCN (1.5 equiv), AcOH (1.15 equiv),
MeOH, rt.



Table 1. Selected 1H NMR (300 MHz, DMSO-d6) data for compounds 6a–d and 5e

Compound d (ppm) 3JH–H (Hz)

10-H 2 0-H NHBz CONH2–Ha CONH2–Hb 10–2 0 NH–CH

6a 5.49 5.24 8.83 7.14 �7.6a 9.5 9.5
6b 5.44 5.20 8.81 7.11 7.61 9.4 9.4
6c 5.43 5.25 8.83 7.14 �7.6a 9.4 9.4
6d 5.64 5.25 8.83 7.17 7.57 9.5 9.5

4-H 5-H NHBz 10-H 2-H 4–5 NH–CH
5e 4.23 3.95 9.59 5.74 10.71 3.5 6.8

a Overlapped by other protons.
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larly, the IR absorption at 1720 cm�1 in compound 5e
was in agreement with the typical vibration of the
pyrazolidinone C@O group. Selected 1H NMR data
for compounds 6a–d and 5e are given in Table 1.

In conclusion, reactions of azomethine imines 4a–d with
in situ formed hydrogen cyanide unexpectedly led to
b-eliminative N–N bond cleavage and furnished N-
[(1R*,2R*)-3-amino-2-benzamido-3-oxo-1-phenylpropyl]-
benzimidoyl cyanides 6a–d as the reaction products. In
addition to the previous examples,15,17,32,33 this reaction
represents a novel type of ring transformation reaction
of pyrazolidine derived azomethine imines. To the best
of our knowledge, this is also a rare example of N–N
single bond fission, which takes place under essentially
mild and non-reductive conditions. The proposed reac-
tion mechanism is supported by the isolation of interme-
diate 5e. Finally, this reaction could also offer access to
N-(3-amino-3-oxopropyl)benzimidoyl cyanides as inter-
esting intermediates for further transformations. Fur-
ther investigation on the scope and limitations of this
method is currently in progress.
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