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Abstract—The synthesis of a series of novel spiropyrrolidines and polycyclic heterocycles has been accomplished by 1,3-dipolar
cycloaddition reactions with Baylis–Hillman adducts. The reaction also yielded novel furo[3,4-b]pyrrole in some cases by an unusual
cyclization.
� 2006 Elsevier Ltd. All rights reserved.
1,3-Dipolar-cycloaddition reactions are one of the most
useful methods for the preparation of five-membered
heterocycles1 because of their high regioselectivity and
stereoselectivity.2 These reactions have been intensively
investigated by Grigg and co-workers3 and Kanemasa
and co-workers.4 The reaction of azomethine ylides with
alkenes provides pyrrolidines which are present in
numerous alkaloids5 and physiologically active
compounds.6

Spiropyrrolidines have received considerable attention
as a result of their biological activity.7–12 They display
interesting antimicrobial, antitumor and antibiotic
properties. In addition, they also act as inhibitors of
human NK-I receptor activity.13

The Baylis–Hillman (BH) reaction is an attractive meth-
od for forming carbon–carbon single bonds and yields
highly functionalized products with a new stereocentre.14

The Baylis–Hillman reaction has been the subject of
several reviews15,16 and continues to elicit attention.17,18

So far, the alkene unit of Baylis–Hillman adducts has
not been fully exploited as a dipolarophile in 1,3-dipo-
lar cycloaddition reactions. There is only one report on
the synthesis of spirooxazolines through 1,3-dipolar
0040-4039/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2006.05.149

* Corresponding author. E-mail: ragharaghunathan@yahoo.com
cycloaddition of mesitonitrile to Baylis–Hillman ad-
ducts, which proceeded regioselectively by Mg(II)
catalysis.19

Azomethine ylides generated by the decarboxylative
route offer a convenient method for the synthesis of
substituted pyrrolidines.20 As a part of our endeavours21

in the synthesis of novel spiropyrrolidines, we herein re-
port for the first time the cycloaddition reaction of
azomethine ylides with the olefinic bond of Baylis–Hil-
man adducts 1a–c. In some cases the reaction yielded
novel furo[3,4-b]pyrrole derivatives by an unusual cycli-
zation reaction.

Various substituted Baylis–Hillman adducts 1a–c were
synthesized in accordance with the literature procedure.
The azomethine ylides generated by the reaction of sar-
cosine 2 with isatin 3, ninhydrin 6 or acenaphthequinone
9 in boiling toluene for 48–78 h reacted with the double
bond of 1a–c to give the corresponding cycloadducts as
single regioisomers22 with overall yields of 40–55%
(Scheme 1). The reaction afforded a series of novel spi-
roheterocycles 4a–c, 7a–c and 10a–c in a regio- and ste-
reocontrolled manner. The structures and the
regiochemistry of the cycloadducts were confirmed by
spectral analysis.

The IR spectrum of 4a showed sharp peaks at
1712 cm�1 and 1741 cm�1 for the amide and ester
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carbonyls, respectively. The 1H NMR spectrum of 4a
showed multiplets in the region d 2.03–2.04 and d
2.67–2.71 for the CH2 protons of the pyrrolidine ring
1a-c
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system. The NCH2 protons of the pyrrolidine ring
appeared as multiplets in the region d 2.94–2.98 and d
3.46–3.49. If the other regioisomer 5a had been formed,
simple doublets for each of the CH2 protons of the
pyrrolidine ring system would have been observed.
The 13C NMR of 4a showed a signal at d 76.89 for
the spiro carbon and the signals at d 170.98 and d
177.40 ppm were due to the amide and ester carbonyl
carbons, respectively. Finally, the structure of the prod-
uct 4a was confirmed by mass spectroscopy, which
showed a peak at m/z 365.2.

To improve the yields of the product, we carried out the
reaction in various solvents. We found that using DMF
or xylene did not increase the yield appreciably. How-
ever, there was a dramatic increase in the yield along
with a decrease in reaction time when the reaction was
carried out in methanol. Under the above conditions
and to our surprise, we also observed the formation of
products 12a–c and 13a–c, produced from the initial
adducts 7a–c and 10a–c by hemiacetal cyclization
(Schemes 2 and 3). The cycloadducts 7a–c and 10a–c
were not obtained in these cases. The structures of prod-
ucts 12a–c and 13a–c were confirmed by spectroscopic
analysis and X-ray crystallography of 12a.23

The 1H NMR spectrum of 12a showed multiplets at d
1.75–1.84 and d 3.25–3.30 for the pyrrolidine ring pro-
tons. The benzylic proton appeared as a singlet at d
5.01, whilst the OH proton was present as a broad sin-
glet at d 5.71. In the 13C NMR spectrum of 12a, a sig-
nal at d 171.85 ppm manifested the presence of an ester
carbonyl carbon. The presence of a single ketone car-
bonyl carbon resonance at d 199.30 ppm indicated that
the ketone carbonyl group of the indane-1,3-dione moi-
ety was not present (cf. 7a). The stereochemistry of the
product 12a was ascertained by single crystal analysis
(Fig. 1).

In conclusion, this letter describes the cycloaddition
reactions of nonstabilized azomethine ylides generated
by the decarboxylative condensation of di- and tri-
ketones with sarcosine with 1a–c as unusual dipolaro-
philes to afford novel spiroheterocycles with high regio-
and stereoselectivity. In addition, by changing the
solvent to methanol, we observed the formation of prod-
ucts obtained by nucleophilic attack of the hydroxyl
group on a ketone carbonyl.
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Figure 1. ORTEP diagram of 12a.
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41, 7951–7954; (b) Dondas, H. A.; Grigg, R.; MacLach-
lan, W. S.; MacPherson, D. T.; Markandu, J.; Sridharan,
V.; Suganthan, S. Tetrahedron Lett. 2000, 41, 967–970; (c)
Grigg, R.; Thornton-Pett, M.; Yoganathan, G. Tetra-
hedron 1999, 55, 1763–1780; (d) Grigg, R.; Thornton-Pett,
M.; Xu, J.; Xu, L.-H. Tetrahedron 1999, 55, 13841–13866;
(e) Pearson, W. H.; Mi, Y. Tetrahedron Lett. 1997, 38,
5441–5444; (f) Pearson, W. H.; Clark, R. B. Tetrahedron
Lett. 1997, 38, 7669–7672; (g) Waldmann, H.; Blaser, E.;
Jansen, M.; Letschert, H.-P. Angew. Chem., Int. Ed. Engl.
1994, 33, 683–685, and references cited therein.

3. (a) Barr, D. A.; Grigg, R.; Gunaratne, H. Q. N.; Kemp, J.;
McMeekin, P.; Sridharan, V. Tetrahedron 1988, 44, 557–
570; (b) Grigg, R.; Sridharan, V. In Advances in Cyclo-
addition; Curran, D. P., Ed.; JAI: London, 1993; Vol. 3,
pp 161–204.

4. (a) Tsuge, O.; Kanemasa, S.; Yoshioka, M. J. Org. Chem.
1988, 53, 1384–1391; (b) Kanemasa, S.; Yoshioka, M.;
Tsuge, O. Bull. Chem. Soc. Jpn. 1989, 62, 869–874; (c)
Kanemasa, S.; Tsuge, O. In Advances in Cycloaddition;
Curran, D. P., Ed.; JAI: London, 1993; Vol. 3, pp 99–159.

5. Dictionary of Alkaloids; Southon, I. W., Buckingham, J.,
Eds.; Chapman and Hall: New York, 1989.

6. Li, Q.; Chu, D. T. W.; Claiborne, A.; Cooper, C. S.; Lee,
C. M.; Raye, K.; Berst, K. B.; Donner, P.; Wang, W.;
Hasvold, L.; Fung, A.; Ma, Z.; Tufano, M.; Flamm, R.;
Shen, L. L.; Baranowski, J.; Nilius, A.; Alder, J.;
Meulbroek, J.; Marsh, K.; Crowell, D. A.; Hui, Y.; Seif,
L.; Melcher, L. M.; Henry, R.; Spanton, S.; Faghih, R.;
Klein, L. L.; Tanaka, S. K.; Plattner, J. J. J. Med. Chem.
1996, 39, 3070–3088.

7. Kozikowski, A. P. Acc. Chem. Res. 1984, 17, 410–416.
8. Howe, R. K.; Shelton, B. R. J. Org. Chem. 1990, 55, 4603–

4607.
9. De Amici, M.; De Michelli, C.; Sani, V. M. Tetrahedron

1990, 46, 1975–1986.
10. Cohen, V. L.; Kleinman, E. E. PCT Int. Appl. W.O. 1995,

24, 398. Chem. Abst. 1995, 122, 20667j.
11. (a) Caroll, W. A.; Grieco, P. A. J. Am. Chem. Soc. 1993,

115, 1164–1165; (b) Early, W. G.; Oh, T.; Overman, L. E.
Tetrahedron Lett. 1988, 29, 3785–3788; (c) Ban, Y.; Taga,
N.; Oishi, T. Chem. Pharm. Bull. 1976, 24, 736–751; (d)
Ban, Y.; Seto, M.; Oishi, T. Chem. Pharm. Bull. 1975, 23,
2605–2613.

12. (a) Ban, Y.; Taga, N.; Oishi, T. Tetrahedron Lett. 1974, 15,
187–190; (b) Van Tamlen, E. E.; Yardley, J. P.; Miyano,
M.; Hinshaw, W. B., Jr. J. Am. Chem. Soc. 1969, 26, 7333–
7341.

13. (a) Okita, T.; Isobe, M. Tetrahedron 1994, 50, 11143–
11152; (b) Rosenmond, P.; Hosseini-Merescht, M.; Bub,
C. Liebigs. Ann. Chem. 1994, 2, 151–154; (c) Kornet, M. J.;
Thio, A. P. J. Med. Chem. 1976, 19, 892–898.

14. (a) Ciganek, E. In Organic Reactions; Paquette, L. A., Ed.;
John Wiley & Sons: New York, 1997; Vol. 51, pp 201–350;
(b) Kim, J. N.; Lee, K. Y. Curr. Org. Chem. 2002, 6, 627–
645.

15. (a) Lee, K. Y.; Gowrisankar, S.; Kim, J. N. Bull. Korean
Chem. Soc. 2005, 26, 1481–1490; (b) Basavaiah, D.; Rao,
A. J.; Satyanarayana, T. Chem. Rev. 2003, 103, 811–892;
(c) Drewes, S. E.; Roos, G. H. P. Tetrahedron 1988, 44,
4653–4670.

16. Basavaiah, D.; Darma Rao, P.; Hyma, R. S. Tetrahedron
1996, 52, 8001–8062.

17. Black, G. P.; Dinon, F.; Fratucello, S.; Murphy, P. J.;
Nielsen, M.; Williams, H. L. Tetrahedron Lett. 1997, 38,
8561–8564.

18. Brzezinski, L. J.; Rafel, S.; Leahy, J. W. Tetrahedron 1997,
53, 16423–16434.

19. Micach, P.; Fiesra, L.; Cryanski, M. K.; Krygowski, T. M.
Tetrahedron Lett. 1999, 40, 167–170.

20. (a) Grigg, R.; Surendrakumar, S.; Thianpatanagul, S.;
Vipond, D. J. Chem. Soc., Perkin Trans. 1 1988, 2693–
2701; (b) Grigg, R.; Idle, J.; McMeeken, P.; Vipond, D.
J. Chem. Soc., Perkin Trans. 1 1988, 2703–2713; (c)
Onishi, T.; Sebahar, P. R.; Williams, R. M. Org. Lett.
2003, 5, 3135–3137; (d) Albrecht, B. K.; Williams, R. M.
Org. Lett. 2003, 5, 197–200; (e) Ahrendt, K. A.; Williams,



5538 J. Jayashankaran et al. / Tetrahedron Letters 47 (2006) 5535–5538
R. M. Org. Lett. 2004, 6, 4539–4541; (f) Sebahar, P. R.;
Williams, R. M. J. Am. Chem. Soc. 2000, 122, 5666–5667.

21. (a) Manikandan, S.; Shanmugasundaram, M.; Raghuna-
than, R.; Malar, E. J. P. Heterocycles 2000, 53, 579–584;
(b) Manikandan, S.; Ashraf, M. M.; Raghunathan, R.
Synth. Commun. 2001, 31, 3593–3601; (c) Manikandan, S.;
Raghunathan, R. J. Chem. Res. (S) 2001, 424–426; (d)
Manikandan, S.; Jayashankaran, J.; Raghunathan, R.
Synth. Commun. 2003, 33, 4063–4069; (e) Subramaniyan,
G.; Raghunathan, R. Tetrahedron 2001, 57, 2909–2913; (f)
Amalraj, A.; Raghunathan, R. Tetrahedron 2001, 57,
10293–10298; (g) Subramaniyan, G.; Raghunathan, R.;
Martin Castro, A. M. Synthesis 2002, 2440–2444; (h)
Jayashankaran, J.; Rathna Durga, R. S. M.; Raghuna-
than, R. Tetrahedron Lett. 2004, 45, 7303–7305.

22. Representative procedure for the preparation of spiropyrr-
olidine cycloadducts: A solution of sarcosine 2 (1 mmol),
acenaphthaquinone/ninhydrin/isatin (1 mmol) and 2-
(hydroxy(aryl)methyl) acrylic acid methyl ester 1a–c
(1 mmol) was refluxed in toluene, xylene, DMF or
methanol. Completion of the reaction was evidenced by
TLC analysis. The solvent was then removed in vacuo and
the crude product subjected to column chromatography
(100–200 mesh) using petroleum ether–ethyl acetate as
eluent.
Compound 4b: 1H NMR (400 MHz, CDCl3): d 2.01–2.03
(m, 1H, CH2), 2.06 (s, 3H, NCH3), 2.65–2.67 (m, 1H,
CH2), 2.91–2.93 (m, 1H, NCH2), 3.03 (s, 3H, COOCH3),
3.34–3.36 (m, 1H, NCH2), 5.55 (br s, 1H, OH), 5.74 (s, 1H,
CHPh), 6.94–7.42 (m, 8H, Ph); 13C NMR (100 MHz,
CDCl3): d 26.4, 37.6, 49.9, 52.5, 59.9, 66.9, 76.2, 121.4,
124.2, 126.2, 128.4, 128.7, 129.6, 131.5, 137.3, 139.7, 152.7,
172.0, 175.9 ppm; mass m/z: 400.8 (M+). Anal. Calcd for
C21H21N2O4Cl: C, 62.92; H, 5.28; N. 6.99. Found: C,
63.15; H, 5.48; N, 6.72.
Compound 7a: 1H NMR (400 MHz, CDCl3): d 1.64–1.73
(m, 2H, CH2), 2.38 (s, 3H, NCH3), 3.22–3.28 (m, 2H,
NCH2), 3.78 (s, 3H, COOCH3), 4.90 (s, 1H, CHPh), 5.64
(br s, 1H, OH), 6.63–7.03 (m, 9H, Ph); 13C NMR
(100 MHz, CDCl3): d 28.7, 36.5, 37.8, 53.2, 58.1, 71.2,
87.2, 103.5, 121.9, 124.8, 127.6, 132.1, 137.2, 137.8, 138.0,
148.1, 170.2, 198.7 ppm; mass m/z: 379 (M+). Anal. Calcd
for C22H21NO5: C, 69.64; H, 5.58; N. 3.69. Found: C,
69.94; H, 5.73; N, 3.42.
Compound 10a: 1H NMR (400 MHz, CDCl3): d 1.56–1.58
(m, 1H, CH2), 1.78–1.81 (m, 1H, CH2), 2.24 (s, 3H,
NCH3), 3.30–3.33 (m, 2H, NCH2), 3.43 (s, 3H, COOCH3),
5.12 (s, 1H, CHPh), 5.78 (br s, 1H, OH), 6.41–6.95 (m,
11H, Ph); 13C NMR (100 MHz, CDCl3): d 26.8, 38.0, 50.4,
52.4, 58.1, 67.3, 85.1, 123.8, 125.9, 126.2, 126.7, 127.2,
127.9, 128.1, 128.5, 131.0, 132.0, 133.4, 133.6, 139.1, 143.3,
175.8, 201.9 ppm; mass m/z: 401 (M+). Anal. Calcd for
C25H23NO4: C, 74.79; H, 5.77; N, 3.49. Found: C, 75.06;
H, 5.96; N, 3.26.
Compound 13a: 1H NMR (400 MHz, CDCl3): d 1.76–1.79
(m, 1H, CH2), 2.01–2.06 (m, 1H, CH2), 2.38 (s, 3H,
NCH3), 3.42 (s, 3H, COOCH3), 3.44–3.58 (m, 2H, NCH2),
4.99 (s, 1H, CHPh), 6.33 (br s, 1H, OH), 7.24–7.82 (m,
11H, Ph); 13C NMR (100 MHz, CDCl3): d 29.5, 38.9, 39.0,
51.8, 58.2, 69.5, 88.9, 108.2, 120.7, 125.7, 125.8, 126.2,
128.1, 131.0, 135.6, 136.9, 139.8, 172.9 ppm; mass m/z: 401
(M+). Anal. Calcd for C25H23NO4: C, 74.79; H, 5.77; N,
3.49. Found: C, 75.05; H, 5.98; N, 3.22.

23. Selvanayagam, S.; Joy, A.; Velmurugan, D.; Ravikumar,
K.; Raghunathan, R. Acta Cryst. 2005, E61, 3383–
3385.


	Synthesis of novel spiropyrrolidines through [3+2] cycloaddition reactions with Baylis - Hillman adducts as dipolarophiles
	Acknowledgements
	References and notes


