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Numerous derivatives of spiropyrrolidines and spiropyrrolizines containing cyano groups were success-
fully synthesized via condensation of sarcosine and proline Schiff bases of several aromatic aldehydes
with the Knöevenagel adduct of 9-fluorenone-malononitrile prepared through a modified procedure.
Assignment of the molecular structure was carried out by single crystal X-ray diffraction, as well as by
HMBC and ROSEY spectroscopy.

� 2008 Elsevier Ltd. All rights reserved.
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Scheme 1. Formation of a single product from sarcosine and a 20 ,50-trans-
disubstituted product from proline.
Cycloadditions are an important group of reactions in organic
synthesis.1 The azomethine ylide represents one of the most reac-
tive and versatile classes of 1,3-dipoles and is trapped readily by a
range of dipolarophiles, either inter or intramolecularly, forming
substituted pyrrolidines.2 The three atom C-N-C unit containing
four p-electrons affords a zwitterionic system with the nitrogen
and one of the carbon atoms carrying positive and negative
charges, respectively. As such, this species in combination with
two p-electrons of an alkene or alkyne constitutes a six - electron
system capable of undergoing a [p4s + p2s] reaction according to
Woodward-Hoffmann rules.3

The Knöevenagel condensation is a well-established method for
the synthesis of a,b-unsaturated compounds. It is utilized in vari-
ous synthetic transformations and thus we have used this proce-
dure for the synthesis of a 9-fluorenone-malononitrile adduct.4

The simplest approach to an azomethine ylide is the reaction of
a secondary amine such as sarcosine or proline with an aldehyde
(Scheme 1).5 Reaction of the resulting ylide with an alkene either
present in solution or as a functional group present within the
aldehyde structure, via inter- or intramolecular cycloaddition
results in the formation of the corresponding pyrrolidine and
pyrrolizine heterocycles (Scheme 1).6 Spiropyrrolidines and spiro-
pyrrolizines have gained much attention due to their interesting
biological activities.7

Our recent interest in pyrrolidine and pyrrolizine derivatives
containing substituents at C30 on the ring prompted us to prepare
ll rights reserved.
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di).
them via reaction of an azomethine ylide with the Knöevenagel ad-
duct of 9-fluorenone-malononitrile. This reaction was expected to
yield a pyrrolidine or a pyrrolizine derivative with the negative
carbon of the azomethine ylide attached to the 9-fluorene carbon
since reaction of an azomethine ylide with double bonds contain-
ing electron-withdrawing groups has been reported to follow the
Michael type addition.8 Subsequent transformation of the cyano
substituent to other functional groups and formation of the
corresponding aldehydes, ketones, esters, and amino acids with
potential biological activities could be carried out easily. Herein,
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Scheme 2. Synthesis of spiropyrrolidines and spiropyrrolidines.

Figure 1. ORTEP diagram of compound 3a.
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we are pleased to report the synthesis of a number of pyrrolidine
and pyrrolizine derivatives via condensation of the Knöevenagel
adduct of 9-fluorenone-malononitrile 1 with sarcosine and proline
Schiff bases of several aromatic aldehydes.

The Knöevenagel adduct was prepared via modification9 of the
previously reported procedure.10 Utilization of our modified meth-
od reduced the reaction time with a concomitant increase in the
reaction yield (vide antara). This adduct was subsequently treated
with the Schiff bases obtained from condensation of either sarco-
sine or proline with a number of aromatic aldehydes 2a–h in
refluxing toluene for the appropriate amount of time (Scheme
2).11 The solid products were filtered and recrystallized from meth-
anol resulting in spiropyrrolidines 3a–h and spiropyrrolizines 5a–
h. Identification of the products was carried out by spectroscopic
methods.12 The results are presented in Scheme 2.

The 1H NMR spectrum of 3a exhibited a singlet at d 2.42 for the
4-CH3 protons and another singlet at d 2.55 for the N–CH3 protons.
The N–CH2 protons of the pyrrolidine ring appeared as two dou-
blets at d 3.26 and d 3.73. The benzylic proton resonated as a sin-
glet at d 4.36. The 13C NMR showed a signal at d 66.31 due to the
spiro carbon. The structure of compound 3a was further confirmed
by mass spectrometry which exhibited a molecular ion peak at m/z
375.

The 1H NMR spectrum of 5a showed a singlet at d 2.13 for the 4-
CH3 protons. The N–CH proton of the pyrrolizine ring (H50) ap-
peared as a triplet at d 4.85 and the benzylic proton (H20) resonated
as a singlet at d 5.12.

As shown in Scheme 2, two possible Michael-type and anti-Mi-
chael type additions can be envisaged for the addition of azome-
thine ylides to 2a–h leading either to 3a–h and 5a–h or 4a–h
and 6a–h, respectively. Confirmation of the product structure
was obtained by single crystal X-ray diffraction of 3a (Fig. 1).13

The reaction proceeded exclusively via Michael-type addition of
the azomethine ylide to the dipolarophile.

Based on the HMBC spectrum of 3a (Fig. 2) and the observation
of the 1,3-coupling of the CN groups (appearing at d 113.2 and d
114) with the benzylic CH (resonating at d 4.36), the structure of
3a was confirmed unequivocally. Therefore, the observation of a
long range coupling in the HMBC spectrum, seems to be a reliable
tool for determination of molecular structure whenever obtaining
the single crystal X-ray structure is not possible.

The configuration of the stereocenter in 5a was assigned using
ROSEY spectroscopy. Protons H20 and H50 (see Scheme 2) showed
no correlation in the ROSEY spectrum (Fig. 3), which implied a
trans arrangement between C-20 and C-50.

In addition to regioselectivity issues (vide supra), the dipolar
cycloaddition reaction can lead to mixtures of stereoisomers. From
the two possible W- and S-shaped ylide geometries obtained from
proline (Scheme 1), the 20,50-cis-disubstituted and the 20,50-trans-
disubstituted products respectively, are anticipated to be formed
via a suprafacial reaction.2 Inspection of the other reported exam-
ples2 and product 5a (Scheme 2), perhaps show some general pref-
erence for cycloaddition through an S-shaped ylide.2

In summary, pyrrolidine and pyrrolizine derivatives containing
two cyano groups at positions 30 and 30, respectively, were success-
fully prepared and identified. Transformation of the cyano groups



Figure 3. ROSEY spectrum of compound 5a.

Figure 2. HMBC spectrum of compound 3a.
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to other functionalities is currently under investigation in our re-
search group and is expected to furnish other new pyrrolidine
and pyrrolizine derivatives.
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