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One-pot synthesis of novel ferrocenylmonospirooxindolopyrrolidines has been accomplished in good
yield via a facile [3+2]-cycloaddition reaction of several azomethine ylides, derived from isatin/5,7-dibro-
moisatin and sarcosine, with various ferrocene derivatives as the dipolarophile. The effect of solvent on
the [3+2]-dipolar cycloaddition reaction is also studied.

� 2008 Elsevier Ltd. All rights reserved.
Ferrocene, an organometallic compound, was discovered in the
early 1950s1 and since then, there has been enormous growth in
ferrocene chemistry.2 Ferrocene is employed as a component for
redox-active chemical sensors for voltammetric detection of cat-
ions3 as well as anions,4 metal-containing signaling probes for
the detection of estrogen receptors,5 dinucleotides6 and DNA
hybridization events7 thus opening the way to DNA and gene sen-
sors.8 Ferrocene materials are used as asymmetric catalysts,9 liquid
crystals,10 conductive,11 magnetic12 and optical devices13 and as
electron transfer devices.14 Ferrocene derivatives offer advantages
over other organometallics due to their synthetic versatility and
thermal and photochemical stability. Ferrocene-substituted organ-
ic molecules hold great potential due to their biological activity.
Ferrocene derivatives have been used for the treatment of malaria
and cancer.15–18 Many ferrocene-based heterocycles are known to
exhibit anti-bacterial and anti-fungal properties.19–21 Hence, there
has been renewed interest in the synthesis of ferrocene-based
heterocycles.

The intermolecular [3+2]-cycloaddition reaction of azomethine
ylides with olefinic and acetylenic dipolarophiles has resulted in a
number of novel heterocyclic scaffolds, which are particularly use-
ful for the creation of diverse chemical libraries of drug-like mole-
cules for biological screening.22,23 Functionalized pyrrolidines and
oxindoles are the central skeleton for numerous alkaloids and
constitute classes of compounds with significant biological
activity.24,25 Spirooxindoles are an important class of naturally
ll rights reserved.
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occurring substances characterized by highly pronounced biologi-
cal properties.26 Recently, we reported on the bioactivity of several
spiropyrrolidines.27

As part of ongoing program on the synthesis of complex novel
spiropyrrolidines,28,29 herein we report an expeditious and facile
protocol for the synthesis of novel ferrocene-based monospiroox-
indolopyrrolidines. The reaction of various ferrocene derivatives30

1a–c, 8a–b, 13, 16, 19a–b and 22 with various azomethine ylides
generated from isatin 2a/5,7-dibromoisatin 2b and sarcosine 3
afforded a series of novel monospirooxindolopyrrolidines31 4a–c,
5a–c, 9a–b, 10a–b, 14a–b, 17, 20a–b and 23. The structures of
the ferrocenyl monospiroheterocycles were confirmed through
spectral and elemental analysis.32 No traces of the other possible
regioisomers 6a–c, 7a–c, 11a–b, 12a–b, 15a–b, 21a–b and 24 were
formed. The reactions were carried out under two different sets of
conditions, and the results are shown in Table 1.

Scheme 1 depicts the mechanism for the generation of azome-
thine ylide from isatin 2a and sarcosine 3. Schemes 2–6 show the
one-pot, three component reactions involving isatin/5,7-dibromoi-
satin, sarcosine and various ferrocene derivatives for the synthesis
of novel ferrocenyl monospirooxindolopyrrolidines. The reactions
were found to be highly regioselective and proceed via endo-tran-
sition state. Control of the relative stereochemistry at the spiro
centre is observed. Presumably, an anti-ylide is involved in the
transition state, which adds to double bond of the ferrocene-
derived dipoarophiles, to give the observed cycloadducts. Forma-
tion of syn-ylide is not observed due to the unfavourable steric
repulsion between the carbonyl groups of oxindole and the
dipolarophile.
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Table 1
[3+2]-cycloaddition reaction of ferrocene-derived dipolarophiles 1a–c/8a–b/13/16/
19a–b/22 with isatin 2a/5,7-dibromoisatin 2b and sarcosine (3)

Product R X X
0

Toluene/reflux Acetonitrile/reflux Melting point

T (h) Y (%) T (h) Y (%) (�C)

4a H — H 12 58 5.0 72 158–159
4b NO2 — H 10 60 3.0 83 170–172
4c OMe — H — — 6.0 62 133–135
5a H Br — — 4.8 68 122–124
5b NO2 — Br — — 3.4 75 134–136
5c OMe — Br — — 4.3 70 154–155
9a — 0 H 10 62 3.5 78 167–169
9b — s H — — 4.5 65 124–126
10a — 0 Br — — 3.3 72 134–136
10b — s Br — — 4.0 70 112–114
14a — — H — — 3.0 80 172–174
14b — — Br 7 55 3.3 74 130–132
17 — — H — — 4.0 70 155–157
20a H — H — — 4.8 68 141–143
20b OMe — H — — 6.0 60 160–162
23 — — H 10 48 5.0 72 230–231
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The formations of the cycloadducts were confirmed through
spectral and elemental analysis. Thus, the IR spectrum of the
monospirooxindolopyrrolidine 4a showed peaks at 1668 and
1706 cm�1 due to the ferrocenyl and oxindole carbonyl groups.
The 1H NMR spectrum of 4a exhibited a singlet at d 2.22 due to
the –NCH3 protons of the pyrrolidine moiety. The benzylic proton
and –NCH2 protons of the pyrrolidine ring occurred as multiplets
in the region d 3.42–3.43 and d 4.50–4.53. The pyrrolidine proton
adjacent to the ferrocenyl moiety appeared as a doublet at d 4.04
(J = 9.3 Hz). The protons of the ferrocene moiety occurred as sing-
lets at d 3.63, d 3.94, d 4.13, d 4.20 and d 4.27. The aromatic protons
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resonated as multiplets in the region d 6.66–8.00. The –NH proton
of the oxindole moiety appeared as a singlet at d 8.38. The off-res-
onance proton decoupled 13C spectrum of 4a exhibited peaks at d
34.86 and d 47.74 due to the pyrrolidine –NCH3 and –NCH2 car-
bons. The spiro carbon resonated at d 79.19. The oxindole and
the ferrocenyl carbonyl carbons resonated at d 180.13 and d
199.62, respectively. The structure of the product 4a was further
confirmed through mass spectroscopy, which showed a molecular
ion peak at 490.5 (M+) (Scheme 2). Similar results were obtained
with ferrocene derivatives 1b–c affording the cycloadducts 4b–c
and 5a–c.

Schemes 3 and 4 depict the formation of cycloadducts 9a–b/
10a–b/14a–b, where the ferrocene dipolarophiles 8a–b and 13
were trapped with the azomethine ylides generated from 2a–b
and 3. The formation of the cycloadducts was confirmed by spec-
troscopic techniques.

The dipolarophile 16 derived from ferrocene-1-carboxaldehyde
and cyanoethyl acetate underwent a smooth reaction with the azo-
methine ylide generated from isatin 2a and sarcosine 3 affording
the cycloadduct 17 in good yield. The formation of the cycloadduct
17 was confirmed from the spectroscopic data. No trace of the
other possible regioisomer 18 was observed. The pyrrolidine ring
proton adjacent to the ferrocene moiety appeared as a triplet at d
4.45 (J = 8.7 Hz), which clearly proved the regiochemistry of the
cycloaddition reaction. If the other regioisomer 18 had been
Figure 1. ORTEP di
formed, the pyrrolidine ring proton adjacent to the ferrocene moi-
ety would have appeared as a singlet in the 1H NMR spectrum. The
–CH3protons of the ester moiety and the –NCH3 protons of the pyr-
rolidine ring occurred as a triplet and a singlet at d 0.74 and d 2.15,
whereas the –NH proton of the oxindole moiety appeared as a
singlet at d 9.00. The off-resonance proton decoupled 13C spectrum
of 17 exhibited peaks at d 14.60 and d 36.82 due to the methyl car-
bon of the ester group and the –NCH3 carbon of the pyrrolidine
ring. The spiro carbon resonated at d 84.08. The cyano carbon
resonated at d 131.88, whereas the ester and oxindole carbonyl
carbons resonated at d 166.29 and d 176.44, respectively. The
structure of the product 17was further confirmed through mass
spectroscopy, which showed a molecular ion peak at 483 (M+)
(Scheme 5). Similarly, the reaction of the dipolarophiles 19a–b
with the azomethine ylide generated from 2a and 3 afforded the
ferrocenyl oxindolopyrrolidines 20a–b in good yields (Scheme 6).
The formation of the cycloadduct was confirmed by spectral and
elemental analysis. Finally, the regiochemical outcome of the
cycloaddition reaction was unambiguously determined by single
crystal X-ray analysis of 20b (Fig. 1).33

It was interesting to note that the cycloadduct 23 has two ferro-
cene moieties on the pyrrolidine ring and was synthesized easily
by trapping the azomethine ylide generated from isatin 2a and sar-
cosine 3 with the unusual dipolarophile 22 (Scheme 7). Thus, the IR
agram of 20b.
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spectrum of the monospirooxindolopyrrolidine 23 showed peaks
at 1668 and 1706 cm�1 due to the ferrocenyl and oxindole car-
bonyl groups. The 1H NMR spectrum of 23 exhibited a singlet at
d 2.22 due to the –NCH3 protons of the pyrrolidine moiety. The pyr-
rolidine ring protons occurred as multiplets at d 3.47–3.54, d 3.66–
3.69, d 3.72–3.74 and d 4.17–4.26. The protons of the ferrocene
moiety appeared as singlets at d 3.82, d 4.09, d 4.16, d 4.22, d
4.44 and d 4.53. The –NH proton of the oxindole moiety occurred
as a singlet at d 8.54. The structure of the product 23 was further
confirmed through mass spectroscopy, which showed a molecular
ion peak at 598 (M+) (Scheme 6). The cycloadduct 23 gave satisfac-
tory elemental analysis. From the Table 1, it is evident that the rate
of the reactions and the yields of the products were good in aceto-
nitrile (60–83%).

In conclusion, we have synthesized a series of hitherto un-
known ferrocene-based monospirooxindolopyrrolidine hetero-
cycles through the [3+2]-cycloaddition of azomethine ylides with
unusual ferrocene dipolarophiles.
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4.49.
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