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One-pot synthesis of novel ferrocene grafted N-methyl-spiropyrrolidines has been accomplished in good
yields through a facile 1,3-dipolar cycloaddition reaction of various azomethine ylide derived from nin-
hydrin and sarcosine with various ferrocene derivatives as dipolarophile. The regiochemical and stereo-
chemical outcome of the cycloaddition reaction is ascertained by X-ray crystallographic studies of one of
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Ferrocene, an organometallic compound, was discovered in the
early 1950s! and since then, there has been enormous growth in
ferrocene chemistry.? Ferrocene is employed as a component for
redox-active chemical sensors for voltametric detection of cations®
as well as anions,* metal-containing signaling probes for the detec-
tion of estrogen receptors,” dinucleotides,® and DNA hybridization
events’ thus opening the way to DNA and gene sensors.® Ferrocene
materials are used as asymmetric catalysts, liquid crystals,'® con-
ductive,!' magnetic,'? and optical devices'? and as electron trans-
fer devices.!” Ferrocene derivatives offer advantages over other
organometallics due to their synthetic versatility and thermal
and photochemical stability. Ferrocene-substituted organic mole-
cules hold great potential due to their biological activity. Ferrocene
derivatives have been used for the treatment of malaria and can-
cer.’>"'® Many ferrocene-based heterocycles are known to exhibit
anti-bacterial and anti-fungal properties.’®?! 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.???* Pyrrolidines are the central
skeleton for numerous alkaloids and constitute classes of com-
pounds with significant biological activity.?*?> Spiroheterocycles
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are an important class of naturally occurring substances character-
ized by highly pronounced biological properties.?® Recently, we
reported on the bioactivity of several spiropyrrolidines.?’

As part of ongoing program on the synthesis of complex novel
spiropyrrolidines/pyrrolizidines,?®2° herein we report an expedi-
tious and facile protocol for the synthesis of novel ferrocene
grafted N-methyl-spiroindanedione-pyrrolidines. The reaction of
various ferrocene derivatives>® 1a-e, 5a-b, 7, 9a-b, and 11 with
the azomethine ylide generated from ninhydrin 2 and sarcosine 3
afforded a series of novel monospiroindanedionepyrrolidines 4a-
e, 6a-b, 8, 10a-b, and 11.3! The structures of the ferrocenyl mono-
spiroheterocycles were confirmed through spectral and elemental
analysis.>? The reactions were carried out under two different con-
ditions and the results are given in Table 1.

Scheme 1 depicts the mechanism for the generation of azome-
thine ylide from ninhydrin 2 and sarcosine 3. Schemes 2-6 depict
the one-pot, three component reactions involving ninhydrin, sar-
cosine, and various ferrocene derivatives for the synthesis of novel
ferrocenyl monospiroindanedionepyrrolidines.

The ferrocene-derived dipolarophiles namely 1-ferrocenyl-3-
phenyl-prop-2-ene-1-one derivatives 1a-e underwent smooth
reaction with non-stabilized azomethine ylide generated from nin-
hydrin 2 and sarcosine 3 in refluxing acetonitrile affording the spir-
oindanedionepyrrolidines 4a-e in good yield (Scheme 2). The
formations of the cycloadducts 4a—e were confirmed by spectral
and elemental analysis. Thus, the IR spectrum of 1-N-methyl-
spiro-[2.2']-indane-1’,3'-dione-3-phenyl-4-ferrocenoyl-pyrrolidine
4a, exhibited peaks at 1665 and 1740 cm™! due to ferrocenyl and
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Table 1
1,3-Dipolar cycloaddition reaction of ferrocene-derived dipolarophiles 1a-b/5a-b/7/
9a-b/11 with ninhydrin 2 and sarcosine 3

Product Ry Ry X Method A Method B Melting point (°C)
T(h) Y(%) T(h) Y(%)
4a H — — 42 75 — — 162-164
4b OMe — - 50 70 11 40 183-185
4c cl — — 40 76 10 48 176-178
4d = NO, — 50 88 10 60 184-186
4e OMe OMe — 50 60 12 40 141-143
6a - — 0 34 86 — — 161-165
6b = = S 48 68 12 55 120-122
8 = = - 35 80 = = 207-209
10a H - — 43 70 10 52 181-183
10b OMe — — 52 66 - - 207-209
12 = = - 50 70 = = 193-195

T (h) = time in hour, Y (%) = yield in percentage.
Method A: acetonitrile/reflux, Method B: toluene/reflux.
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indanedione ring carbonyls. The '"H NMR spectrum of 4a exhibited
peaks at & 2.34 (s, 3H), 3.44 (t, 1H, J=7.0Hz), 3.74 (t, 1H,
J=8.4Hz),3.96 (s, 5H), 4.44-4.46 (m, 1H), 4.52 (d, 1H, J = 10.3 Hz),
4.48(s,2H),4.76 (s,2H), 6.54-7.86 (m, 9H). The -NCH3 proton exhib-
ited a singlet at 6 2.34. The -NCH, protons of the pyrrolidine ring
appeared as triplets at § 3.44 and § 3.74. The pyrrolidine ring proton
attached to the ferrocenoyl moiety appeared as a multiplet in the
region ¢ 4.44-4.46 whereas the pyrrolidine ring proton attached to
the aryl unit appeared as a doublet at 6 4.52 with the coupling con-
stant value J = 10.3 Hz. The ferrocenyl protons exhibited singlets at
63.96,4.48, and 6 4.76. The aromatic protons exhibited multiplets
in the region § 6.54-7.86. The off-resonance decoupled '>*C NMR
spectra of 4a exhibited peaks for the -NCH; carbon and the spiro car-
bon at § 35.72 and 6 77.96 ppm. The indanedione ring carbonyls res-
onated at 6202.23 and § 202.56 ppm. The carbonyl group attached to
the ferrocene and the pyrrolidine moiety resonated at § 202.17 ppm.
These observed chemical shift values confirmed the proposed
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Figure 1. Mode of approach of the azomethine ylide to the ferrocene-derived
dipolarophile 1a.

structure. The formation of the product was confirmed by mass spec-
tral and elemental analysis. The mass spectrum of 4a showed a peak
at m/z 502 (M") and gave satisfactory elemental analysis. The reac-
tions were found to be highly regioselective leading to the formation
of only one product 4a and the formation of the other possible regio-
isomer was not observed (Fig. 1). This may be due to the unfavorable
dipole-dipole repulsion between the carbonyl groups of indanedi-
one and the dipolarophile. Similarly the formations of the 4b-e were
confirmed by spectral and elemental analysis. The dipolarophile
with an electron-withdrawing group in the phenyl ring was found
to be more reactive to the azomethine ylide generated from ninhy-
drin and sarcosine than the dipolarophile with an electron-donating
group in the phenyl ring and the formations of the cycloadducts were
observed in all the cases with moderate to good yield irrespective of
the nature of the substituent present in the phenyl ring (Table 1).
In the next step a facile synthesis of N-methyl C-2-spiropyrroli-
dine heterocycle attached to the ferrocene moiety at C-3 and
diverse heterocyclic entity such as furan, thiophene, and pyridyl
unit at C-4 positions (6a-b and 8) was accomplished easily by
the reaction of ferrocene-derived dipolarophiles, 1-ferrocenyl-3-
furyl-prop-2-ene-1one  5af1-ferrocenyl-3-thienyl-prop-2-ene-1-
one 5b, and 1-ferrocenyl-3-pyridyl-prop-2-ene-1-one 7 with nin-
hydrin 2 and sarcosine 3 in refluxing acetonitrile, in good yield.
The formation of the cycloadducts was evidenced by spectral and
elemental analysis (Schemes 3 and 4). The regio- and stereochem-
ical outcome of the cycloaddition reaction was unambiguously

ascertained by single-crystal X-ray analysis of the cycloadduct 6a
(Fig. 2).3® The reactivity of the ferrocene bearing dipolarophile
was observed to be in the order 5a>7 > 5b as evident from the
reaction time depicted in Table 1. Refluxing 1-phenyl-3-ferroce-
nyl-prop-2-ene-1-one derivatives 9a-b with ninhydrin 2 and
sarcosine 3 in acetonitrile afforded the ferrocenyl spiro-indanedi-
one-pyrrolidines 10a-b in good yield as evidenced by spectral
and elemental analysis (Scheme 5).

It is interesting to note that the cycloadduct 12 has two ferro-
cene moieties on the pyrrolidine platform and was synthesized
easily by trapping the azomethine ylide generated from ninhydrin
2 and sarcosine 3 with the unusual dipolarophile 11 (Scheme 6).
Thus, the IR spectrum of the ferrocene grafted N-methyl spiropyrr-
olidine 12 showed peaks at 1670 and 1740 cm™! due to the ferr-
ocenoyl and indanedione carbonyl groups. The 'H NMR spectrum
of 12 exhibited a singlet at § 2.36 due to the -NCHj3 protons of
the pyrrolidine moiety. The pyrrolidine ring proton attached
directly to the ferrocene moiety appeared as doublet at 5 4.08
(J=10.4 Hz). The -NCH, protons of the pyrrolidine ring appeared
as multiplets in the region § 3.34-3.36 and ¢ 3.80-3.82 whereas
the pyrrolidine ring proton attached to the ferrocenoyl moiety
appeared as multiplet in the region § 4.37-4.45. The protons of
the ferrocene moiety appeared as singlets at § 3.72, § 3.86, §
3.98, 6 4.22, 5 4.26, § 4.33, 5 4.48, and 6 4.70. The aromatic protons
exhibited multiplets in the region § 7.52-8.16. The off-resonance
proton decoupled '3C spectrum of 12 exhibited peaks at § 35.86
and 6 47.62 due to the pyrrolidine -NCH;3 and NCH; carbons. The
spiro carbon resonated at 6 77.91. The indanedione and the ferr-
ocenyl carbonyl carbons resonated at § 201.14, § 201.46, and ¢
203.38, respectively. The structure of the product 12 was further
confirmed through mass spectroscopy, which showed a molecular
ion peak at 606 (M*). The cycloadduct 12 gave satisfactory elemen-
tal analysis. The chemical yields of the cycloadducts are depicted in
Table 1. From Table 1, it is evident that the rate of the reactions and
the yields of the products are good in acetonitrile (60-88%).

In conclusion, we have synthesized successfully a series of hith-
erto unknown novel ferrocenyl-spiro-indanedione-N-methyl-pyr-
rolidines by employing various unusual ferrocene derivatives as
efficient 2m-component in 1,3-dipolar cycloaddition reactions of
azomethine ylides. The results demonstrate that ferrocene-derived
dipolarophiles can further be exploited for the synthesis of a vari-
ety of complex heterocycles through cycloaddition reactions. These
kinds of ferrocene grafted spiro heterocycles could serve as novel
and potential candidates for biological screening. Solid-phase as
well as microwave induced synthesis of such ferrocene bearing

Figure 2. ORTEP diagram of 6a.
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spiropyrrolidines through 1,3-dipolar cycloaddition reaction is
under investigation. It is also envisaged that complex ferrocene
grafted dispiropyrrolidines could also be synthesized through
1,3-dipolar cycloaddition of azomethine ylides by suitably modify-
ing the dipolarophile. Our further efforts in these directions are in
progress.

Acknowledgments

ARS thanks the Council of Scientific and Industrial Research
(CSIR) for the award of Senior Research Fellowship (SRF). RR thanks
DST and DST-FIST, New Delhi for financial support.

References and notes

—_

Pauson, L. P.; Kealy, J. T. Nature 1951, 168, 1039.

2. (a) Adams, R. D. J. Organomet. Chem. 2001, 637-639, 1; For a general review see:

(b) Togni, A.; Hayashi, T. Ferrocenes: Homogeneous catalysis, Organic synthesis,

Materials Science; VCH-Wiley: Weinheim, New York, 1995.

Sutcliffe, O. B.; Chesney, A.; Bryce, M. R. J. Organomet. Chem. 2001, 637-639, 134.

Beer, P. D.; Cadman, J. Coord. Chem. Rev. 2000, 205, 131.

Osella, D.; Nervi, C.; Galeotti, F.; Cavigiolio, G.; Vessieres, A.; Jaouen, G. Helv.

Chim. Acta 2001, 84, 3289.

Inouye, M.; Takase, M. Angew. Chem., Int. Ed. 2001, 40, 1746.

Yu, C. J.; Wan, Y. ].; Yowonto, H.; Li, J.; Tao, C. L.; James, M. D.; Tan, C. L.;

Blackburn, G. F.; Maede, T. ]. J. Am. Chem. Soc. 2001, 123, 1115.

8. Ihara, T.; Nakayama, M.; Murata, M.; Nakano, K.; Maeda, M. Chem. Commun.
1997, 1609.
9. Fukuzawa, S.; Fujimoto, K.; Komuro, Y.; Matsuzawa, H. Org. Lett. 2002, 4, 707.

10. Nakumura, N.; Maekawahara, H.; Hanasaki, T.; Yamaguchi, T. Mol. Cryst. Liq.
Cryst. 2000, 352, 559.

11. Liy, S. G.; Perez, I.; Martin, N.; Echegoyen, L. J. Org. Chem. 2000, 65, 9092.

12. Sporer, C.; Ruiz-Molina, D.; Wurst, K.; Kopacka, H.; Veciana, ]J.; Jaitner, P. J.
Organomet. Chem. 2001, 637-639, 507.

13. Nemykin, V. N.; Kobayashi, N. Chem. Commun. 2001, 165.

14. Fukuzumi, S.; Okamoto, K.; Imahori, H. Angew. Chem., Int. Ed. 2002, 41, 620.

15. Biot, C.; Glorian, G.; Maciejewski, L. A.; Brocard, J. S. J. Med. Chem. 1997, 40,
3715.

16. Domarie, O.; Blampain, G.; Agnanet, H.; Nzadiyabi, T.; Lebibi, J.; Brocard, J.;
Maciejewski, L.; Biot, C.; Georges, A. ].; Millet, P. Antimicrob. Agents Chemother.
1998, 42, 540.

17. Motohashi, N.; Meyer, R.; Gollapudi, S. R. J. Organomet. Chem. 1990, 398, 205.

18. Allardyce, C. S.; Dorcier, A.; Scoloro, C.; Dyson, P. J. Appl. Organomet. Chem.
2005, 19, 1.

19. Fang, ]. X,; Jin, Z.; Liu, T.; Liu, W. J. Organomet. Chem. 2003, 674, 1.

20. Fang, ]. X.; Jin, Z.; Liu, T.; Liu, W. Appl. Organomet. Chem. 2003, 17, 145.

21. Jin, Z.; Huo, A. H.; Liu, T.; Hu, Y.; Liu, J. B.; Fang, J. X. J. Organomet. Chem. 2005,
690, 1226.

22. Padwa, A, Ed.1,3-Dipolar Cycloaddition Chemistry; Wiley: New York, 1984;
Vols. 1 and 2,.

23. Grigg, R.; Sridharan, V. In Advances in Cycloaddition; Curran, D. P., Ed.; Vol. 3; Jai
Press: London, 1993; p 161.

24. Alkaloids: Chemical and Biological Perspectives; Monlineux, R. J., Pelletier, S. W.,
Eds.; Wiley: New York, 1987. Chapter 1.

25. Fujimori, S. Jap. Pat. Appl. 88-2912; Chem. Abstr., 1990, 112, 98409.

26. Rajeswaran, W. G.; Labroo, R. B.; Cohen, E. A. J. Org. Chem. 1999, 64, 1369.

VW

N9

27.

28.

29.

30.

31.

32.

33.

(a) Amalraj, A.; Raghunathan, R.; Sridevikumari, M. R.; Raman, N. Bioorg. Med.
Chem. 2003, 11, 407; (b) Suresh Babu, A. R.; Raghunathan, R.; Madhivanan, R.;
Omprabha, R.; Velmurugan, D.; Raghu, R. Curr. Chem. Biol. 2008, 2, 312.

(a) Suresh Babu, A. R.; Raghunathan, R. Tetrahedron Lett. 2006, 47, 9221; (b)
Suresh Babu, A. R.; Raghunathan, R. Tetrahedron Lett. 2007, 48, 305.

(a) Suresh Babu, A. R.; Raghunathan, R. Tetrahedron Lett. 2007, 48, 6809; (b)
Suresh Babu, A. R.; Raghunathan, R. Tetrahedron 2007, 33, 8010.

(a) Vilemin, D.; Martin, B.; Puciova, M.; Toma, S. J. Organomet. Chem. 1994, 484,
27; (b) Liu, W.; Xu, Q.; Chen, B.; Ma, Y. Synth. Commun. 2002, 32, 171.
Representative procedure for the synthesis of spiropyrrolidines derivatives 4a:
Method A: A solution of the ferrocene-derived dipolarophile 1a (1 mmol),
ninhydrin 2 (1 mmol), and sarcosine 3 (1 mmol) was refluxed in 10 mL
acetonitrile until the completion of the reaction as evidenced by TLC. The
solvent was removed under reduced pressure and the crude product was
subjected to column chromatography using petroleum ether: ethyl acetate
(4:1) as eluent. The product 4a was then recrystallized from methanol.Method
B: A solution of the ferrocene-derived dipolarophile 1a (1 mmol), ninhydrin 2
(1 mmol), and sarcosine 3 (1 mmol) was refluxed in 10 mL toluene using a
Dean-stark apparatus. After the completion of the reaction as evidenced by
TLC, the solvent was removed under reduced pressure and the crude product
was subjected to column chromatography using petroleum ether:ethyl acetate
(4:1) as eluent. The product 4a was then recrystallized from methanol.
Physical properties and spectroscopic data 1-N-methyl-spiro-[2.2'|-indane-1',3'-
dione-3-phenyl-4-ferrocenoyl-pyrrolidine 4a: IR (KBr): 1665, 1740 cm™'. 'H
NMR (CDCl3/300 MHz): § 2.34 (s, 3H), 3.44 (t, 1H, J=7.0 Hz), 3.74 (t, 1H,
J=8.4Hz),3.96 (s, 5H), 4.44-4.46 (m, 1H), 4.52 (d, 1H,J = 10.3 Hz), 4.48 (s, 2H),
4.76 (s, 2H), 6.54-7.86 (m, 9H); '*C NMR (CDCl3/100 MHz): § 35.72, 46.49,
62.34, 66.50, 69.22, 72.47, 72.68, 77.96, 122.79, 122.97, 127.31, 128.26, 128.84,
135.45, 136.74, 140.79, 141.82, 142.38, 200.23, 200.56, 202.17 ppm; EIMS m/z:
502 (M"); CHN Anal. Calcd for C3oH,5NOsFe: C, 71.70; H, 5.01; N, 2.78. Found:
C, 71.53; H, 5.16; N, 2.94.1-N-Methyl-spiro-[2.2' [-indane-1',3'-dione-3-furyl-4-
ferrocenoyl-pyrrolidine 6a: IR (KBr): 1670, 1740cm~', 'H NMR (CDCls/
300 MHz): 5 2.34 (s, 3H), 3.46 (t, 1H, J = 7.5 Hz), 3.76 (t, 1H, ] = 9.4 Hz)), 4.02
(s, 5H), 4.45-4.47 (m, 1H), 4.48 (s, 2H), 4.63 (d,J = 10.5 Hz), 4.78 (s, 1H), 4.88 (s,
1H), 5.99 (s, 2H), 7.04 (s, 1H), 7.79-7.95 (m, 4H); >C NMR (75 MHz): ¢ 36.17,
48.92, 49.68, 57.78, 69.32, 69.68, 69.74, 72.69, 78.49, 108.77, 110.34, 122.39,
123.01, 135.82, 136.10, 140.86, 141.65, 142.11, 149.27, 200.61, 201.10,
202.69 ppm; EIMS my/z: 493 (M"); CHN Anal. Calcd for ChgH,3NO4Fe: C,
68.16; H, 4.69; N, 2.83. Found: C, 68.35; H, 4.84; N, 2.67.1-N-Methyl-spiro-
[2.2']-indane-1,3'-dione-3-ferrocenyl-4-(p-methoxybenzoyl-pyrrolidine 10b: IR
(KBr): 1668, 1736 cm™'. "H NMR (CDCl3/300 MHz): ¢ 2.33 (s, 3H), 3.32-3.35
(m, 1H), 3.68 (s, 3H), 3.77 (s, 5H), 3.85-3.87 (m, 1H), 3.90 (s, 1H), 4.04 (d, 1H,
J=10.3 Hz), 4.19 (s, 1H),4.31 (s, 1H), 4.34-4.40 (m, 1H), 4.34 (s, 1H), 6.57-8.16
(m, 8H).; *C NMR (CDCl5/75 MHz): 6 36.30, 48.11, 55.46, 63.40, 66.31, 68.57,
69.22, 72.54, 72.61, 76.58, 77.89, 113.20, 122.59, 122.75, 129.32, 129.65,
130.93, 136.50, 140.58, 141.99, 200.99, 201.28, 203.63 ppm; EIMS m/z: 533
(M"); CHN Anal. Calcd for C3;H,7NO4Fe: C, 69.80; H, 5.10; N, 2.62. Found: C,
69.93; H, 5.29; N, 2.78.1-N-Methyl-spiro-[2.2' ]-indane-1',3'-dione-3-ferrocenyl-
4-feroocenoyl-pyrrolidine 12: IR (KBr): 1670, 1740 cm™'. 'TH NMR (DMSO-dg/
300 MHz): 6 2.36 (s, 3H), 3.34-3.36 (m, 1H), 3.72 (s, 5H), 3.80-3.82 (m, 1H),
3.86 (s, 1H), 3.98 (s, 5H), 4.08 (d, 1H, J = 10.4 Hz), 4.22 (s, 1H), 4.26 (s, 1H), 4.33
(s, 1H), 4.37-4.45 (m, 1H), 4.48 (s, 2H), 4.70 (s, 2H), 7.52-8.16 (m, 4H).; *C
NMR (DMSO-de/75 MHz): § 35.86, 47.62, 62.33, 65.27, 69.02, 69.34, 72.36,
72.53, 72.64, 72.71, 76.49, 77.91, 129.60, 134.21, 136.33, 140.67, 142.02,
201.14, 201.46, 203.38 ppm; EIMS m/z: 606 (M*); CHN Anal. Calcd for
C34H29NOsFe;: C, 67.35; H, 3.66; N, 2.31. Found: C, 67.19; H, 3.80; N, 2.47.
The crystal structure has been deposited at the Cambridge Crystallographic
Data center CCDC number: 666153, molecular formula: CygH,3Fe;N;0,4, unit
cell parameters: a 10.2621 (6), b 10.9085, ¢ 20.9435 (12), p 100.2100 (10),
space group P21/n. Data acquisition: The Cambridge Crystallographic Data
Center;deposit@ccdc.cam.ac.uk, http://www.ccdc.cam.ac.uk/deposit.



