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In 2013, one of us (V. V. Kouznetsov) hastily published in this
journal the results of the work on the interaction of furfuryl
amine 1 and N-substituted maleimides 2 in the presence of
boric acid in PEG, in which the formation of 7-oxa-2-azabicyclo
[2.2.1]hept-5-enes 3 was described (Scheme 1)." The evaluation
of catalyst and solvent effects on the yields of titled compounds,
as well as a plausible reaction mechanism and some biomedical
properties of the structures obtained were also discussed.

Based on the spectral data of the products obtained, it was
concluded that path A, which would give Diels-Alder cyclo-
adducts, 7-oxabicyclo[2.2.1]hept-5-enes (4), was not plausible,
while a cyclisation (path B) through an electrophilic attack of
the protonated maleimide (5, see Scheme 2) on the C-2 atom
of the furan ring took place under acid catalysis. A sophisti-
cated mechanism of this transformation, including a con-
certed rearrangement promoted by a molecule of H;BOj;, was
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It has been proved that the reaction between furfuryl amines and N-R-maleimides leads to the formation
of aza-Michael addition products — 3-(furylmethylamino)-N-R-pyrrolidine-2,5-diones, instead of 7-oxa-
2-azabicyclo[2.2.1]hept-5-enes, as this journal reported previously.

suggested in this work." The simplified version of this conver-
sion is given in Scheme 2.

Using the environmentally friendly conditions (PEG-400 as
a solvent), the authors" obtained the target compounds 3 in
good yields and “without the observation of any collateral pro-
ducts or isomers”.

During an independent research into this synthesis, and after
careful examination of the work done by Puerto and Kouznetsov,
Professor Harald Stover’s research group respectfully cautioned us
that the structure of the obtained derivatives 3 might be a different
product.” This suggestion by Professor Stéver, and our own obser-
vation that these compounds possess a unique heterocyclic core
prompted us to begin a detailed study of its chemical properties.
Primarily, it was expected that the Wagner-Meerwein rearrange-
ment® will occur to give the epoxy derivatives of 7-oxa-2-azabicyclo-
[2.2.1]hept-5-enes (3). However, in the first experiments we were
surprised to find that the double bond in 7-oxa-2-azabicyclo-
heptenes (3) remained intact under m-CPBA action. This strange
observation prompted us to take a critical look at the data obtained
earlier’ because we began to doubt the results of the study men-
tioned above in Schemes 1 and 2. To resolve the problem, we
deem it necessary to find answers to the following questions.

1. Why the nucleophilic attack of the amino group of 1 pro-
ceeds on the C-2 atom of the furan ring instead of a much
more accessible carbocation at C-2 of the maleimide ring?

2. 7-Oxa-2-azabicyclo[2.2.1]hept-5-enes (3) have two stereo-
centers, but for unexplained reasons, they are formed as a
single diastereomer, without any structure confirmation of its
spatial structure.
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Scheme 1

Scheme 2

3. The NMR spectral data have a slight correlation with the
proposed structures of 7-oxa-2-azabicyclo[2.2.1]heptanes, for
example, the presence of a characteristic set of signals belong-
ing to the furan ring in "H NMR spectra cannot be overlooked.

Nevertheless, it should be noted that the chemical infor-
mation on the interaction of furfurylamines and N-substituted
maleimides is difficult to substantiate and ambiguous.
Depending on the nature of the substituents on the maleimide
core and the reaction conditions, the reaction could furnish
different adducts.””® For example, Saxena et al.* reported that
the reaction of N-phenyl maleimides with one equivalent of
furfuryl amine in benzene at 80 °C led to the formation of
cycloadducts 4 via path A (Scheme 1). Moreover, the synthesis
of cycloadducts 4 through a reaction of maleimides and
N-acetylfurfurylamine was described in the work being criti-
cized." The same product formation was reported in the work,’
whereas Kondoli et al.® described the formation of adducts 6
derived from the interaction between an activated alkene 2 and
furfuryl amine 1 through the most obvious way of interaction,
the aza-Michael addition, path C, a process not considered in
the work" (Scheme 3).

Considering the comments of Prof. Stéver and the reason-
able possibility that the Michael addition pathway may govern
the reaction between furfurylamine 1 and maleimides 2, under

Table 1 The obtained 3-(furylmethylamino)-N-substituted pyrrolidine-
2,5-diones 6

vield, %
Compound 6 R! R? Method A ¢ Method B?
a H H 73 93
b H Bn 76 82
c H Ph 75 91
d H Me 86 —
e H 4-NO,-CgH, 60 —
f Me H 61 —
g Me Me 64 —
h Me Ph 70 —
i Me 4-NO,-CgH, 75 —

“All yields are given for reactlons in boiling MeCN after recrystalliza-
tion or flash chromatography. ”Data from the paper' (90 °C, 1 h,
PEG-400).
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Scheme 4

Fig. 1 Molecular structures of 6¢c (on the left) and 6h (on the right). Displacement ellipsoids are shown at the 50% probability level. The alternative

position of the disordered fragment in 6c is depicted by dashed lines.

the developed reaction conditions," we therefore reproduced
the previous experiments and examined carefully the structure
of the obtained products, and the same starting materials and
the same experimental conditions were chosen for the first
three reactions (Table 1). It was established that indeed the
interaction of furfuryl amines 1 with maleimides 2 proceeds
easily both in boiling acetonitrile without a catalyst (method
A), and in polyethylene glycol (PEG-400) at 90 °C in the pres-
ence of boric acid (10 mol%) (method B) giving products 6a-c
with yields of around 80%. Additionally, a new series of com-
pounds 6d-i were also synthesized in boiling MeCN in good
yields (Scheme 4, Table 1).

The confusion during the elucidation of the correct struc-
ture of the obtained compounds involves various aspects.
First, the proposed 7-oxa-2-azabicyclo[2.2.1]hept-5-enes 3 and
the respective Michael adducts 6 have the same molecular
formula, so the spectrometric analysis did not contribute to
the correct elucidation. Second, 'H NMR analysis was not
enough; most of the signals present in the "H NMR spectra are
consistent with both structures. The careful analysis of both
"H and *C NMR spectra, along with DEPT 135 spectra, might
avoid this accident. Now that we realize that the correct struc-
ture corresponds to the Michael adduct, we evidenced that the
two protons at the 3-position are not equivalents, they are dia-
stereotopic rather than being an exo-/endo- pair and that the
signals at 6.2-6.4 and 7.3-7.4 ppm are also consistent with a
2-substituted furan ring, characteristic of the Michael adduct.

For this correction, a revision and a detailed study on the
NMR spectra of products 6a-c revealed their complete identity
with the spectra given in the initial paper' for the same sets of
initial compounds (see the ESIT for the present study). All the
"M NMR spectra of adducts 6 were characterized by two
repeated spin-isolated systems of signals in weak and strong

This journal is © The Royal Society of Chemistry 2017

fields, respectively. The first set is at § ~ 7.40 (dd, J = 0.8 and
1.8 Hz), 6.35 (dd, J = 1.8 and 3.2 Hz), and 6.25 (br. d or dd, J =
0.8 and 3.2 Hz) ppm, and the second is at § ~ 3.75 (dd, J = 5.0
and 8.3 Hz), 2.90 (dd, J = 8.3 and 18.0 Hz), and 2.50 (dd, J = 5.0
and 18.0 Hz) ppm. The first set represents the typical signals
of the 2-substituted furan nucleus, while the second belongs
to the AMX system of 3-substituted succinimide. The **C NMR
spectra of compounds 6a-c¢ and 2D COSY (and/or HSQC)
experiments revealed the same patterns. The signals of the
furan nucleus are observed at § ~ 150, 140 (C-2 and C-5), 110
(C-3 and C-4) ppm and the signals of the C-3 and C-4 atoms of
the imide part are located at 55 and 35 ppm. All these para-
meters are in good correlation with the structure of Michael
adducts 6 (Scheme 4).

The resulting compounds 6 are mostly viscous oils, there-
fore, in order to further confirm their structures, some well-
crystallizing N-aryl samples were obtained. Two of them
(6c and h) turned out to be suitable for X-ray structural ana-
lysis (see ESIt and Fig. 1).

The obtained data unequivocally confirmed the structure of
the target products 6 and this suggests that here we are dealing
with the simple nucleophilic aza-Michael addition, instead of
the formation of a 7-oxa-2-azabicyclo[2.2.1]heptene system.

In the upshot of this study, we think that it is appropriate
to cite the aphorism by Erich Maria Remarque: “Never look for
complex ways where there is a simple road”.
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