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A highly regio-selective synthesis of novel glycospiropyrrolidines has been accomplished by 1,3-dipolar
cycloaddition (1,3-DC) reaction. A unique dipolarophile derived from galactose has been reacted with
azomethine ylide generated from 1,2-diketones and secondary aminoacids to give the corresponding
spiro glycoheterocycles in good yields. The structures were assigned by 2D NMR spectra and the regio-
and stereochemical outcome of the cycloadducts was established by a single crystal X-ray analysis.

� 2010 Elsevier Ltd. All rights reserved.
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The surge of interest for carbohydrate-derived heterocycles1 is
due to their potential biological significance and pharmaceutical
applications.2 Recently, several studies have demonstrated that
the carbohydrate-based heterocycles have shown a diverse range
of bioactivities such as anti-influenza (H1N1),3 antitumor,4 anti-
HIV,5 antimicrobial,6 and anticancer,7 thereby making these com-
pounds a particularly important subject for study. The diversity
of biological activity and the ever-growing new application of
these compounds have stimulated a great deal of interest in regard
to their synthesis.

1,3-DC reaction of azomethine ylide is a powerful tool for the
synthesis of a variety of natural products8 containing a pyrrolidine
structure. Although many investigations have been made to exploit
carbohydrate as a template for 1,3-DC reaction involving azide,9

nitrone,10 and nitrile oxide,11 there are only very few reports
involving azomethine ylide12 in the literature and the synthetic
utility of azomethine ylide reaction has not been well exploited
in carbohydrate chemistry. Hence, there arises a need to synthesize
carbohydrate-fused heterocyclic systems through 1,3-DC reaction
using azomethine ylide as a dipole.

In continuation of our research in the field of 1,3-dipolar cyclo-
addition reaction,13 herein we report a highly efficient protocol for
the synthesis of sugar-derived spiropyrrolidines through 1,3-DC
reaction from D-galactose. 1,2:3,4-diisopropylidene-D-galactopyra-
nose14 on oxidation15 gave the corresponding aldehyde 1 which on
Wittig olefination16 with the phosphorus ylide 2 derived from
ethylbromoester gave the conjugated ester 3 in a 80:20
ll rights reserved.
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diastereomeric ratio with the predominant formation of E isomer
(Scheme 1). These diastereomers were separated by column chro-
matography to give pure compounds 3a and 3b in good yield. The
structure and geometry of the olefinic ester 3a and 3b were de-
duced on the basis of 1H NMR spectral data where the coupling
constant for 3a (J = 15.9 Hz) and 3b (J = 11.7 Hz) of vinylic protons
confirmed a trans (E) and cis (Z) geometry of the products,
respectively.

These dipolarophiles 3a and 3b when reacted with azomethine
ylide generated from acenaphthequinone 4a and sarcosine 5a in
refluxing toluene under Dean–Stark reaction conditions, furnished
the cycloadducts17 6a and 6b in good yields (88–92%) in a highly
regioselective and stereoselective manner18 through an intermo-
lecular 1,3-dipolar cycloaddition reaction (Scheme 2).

We then studied the solvent effects on the cycloaddition reac-
tion for the synthesis of 6a and 6b. Interestingly, the reaction pro-
3a-b
84% (80:20)

Scheme 1. Synthesis of glycoacrylate 3a–b.
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Scheme 2. Synthesis of glycopyrrolidine.

Table 1
Effect of solvent on the yield of reaction

Solvent Temperature (�C) Time Yielda (%)

6a 6b 6a 6b

Toluene Reflux 4 5 92 88
Benzene Reflux 8 8 57 52
CH3CN Reflux 6 6 76 78
CH3OH Reflux 10 12 30 34
DMF 110 12 12 16 12
1,4-Dioxane 90 8 8 18 12

a Isolated yield in percentage.
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Figure 1. HMBC correlation of 6a.
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Table 2
Synthesis of galactopyranoyl-derived spiroheterocycles through [3+2] cycloaddition
reaction

Entry Producta Time (h) Yieldb (%)

1 7a 4.5 86
2 8a 5.0 78
3 7b 4.0 82
4 8b 5.0 76
5 9a 4.0 84
6 9b 4.5 86
7 10a 5.5 82
8 11a 5.5 84
9 10b 4.5 88

10 11b 5.0 86

a Reaction carried out with toluene/reflux.
b Isolated yields of pure products.
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ceeded more efficiently in toluene than in benzene or other sol-
vents (Table 1). The structures of the products were confirmed
by IR, 1H NMR, 13C NMR, DEPT 135, HMBC, and HRMS.

The 1H NMR spectrum of diastereomers 6a and 6b showed a
doublet at d 3.60 (J = 9.6 Hz) and 3.24 (J = 6.9 Hz), respectively,
for the Ha proton, which clearly showed the stereo- and regio-
chemistry of the cycloaddition reaction.

In the H–H COSY spectrum of 6a, the proton at d 3.60 (Ha)
showed a correlation with the proton at d 3.26 (Hb), whereas the
peak at d 3.26 (Hb) showed a H–H COSY correlation with the peak
at d 3.95 (Gal-C5-H) and the peaks at d 3.15 and d 3.65 (diastereo-
tropic –CH2–), which clearly indicated that the signals at d 3.60 are
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Figure 2. ORTEP diagram of 9b.
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due to the Ha proton and d 3.26 is due to the Hb proton. The doublet
at d 3.60 (J = 9.6 Hz) and the multiplet at d 3.26 have an HMBC con-
tour (Fig. 1) with carbons at 169.8 ppm (ester carbonyl carbon) and
75.5 ppm (spiro carbon) which further confirmed the d values of
the Ha and Hb protons, respectively.
Furthermore, the presence of a molecular ion peak at m/z 537
(M+) in the mass spectrum confirmed the structure of the cycload-
duct 6a.

The same reaction was carried out with cyclic amino acid L-pro-
line 5b and thiazolidine-4-carboxylic acid 5c in order to obtain a



Figure 3. ORTEP diagram of 10b.
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glycospiropyrrolizidines and pyrrolothiazoles,19 respectively
(Scheme 3, Table 2). The structures of the products (7 and 8) were
confirmed by spectroscopic techniques.

In order to further extend the scope of the reaction, the dipole
generated from isatin 4b (a diketone) and the secondary amino
acids 5a–c reacted with 3a and 3b to give novel sugar-derived spi-
rooxindolopyrrolidines (Scheme 5), pyrrolizidines, and pyrrolo-
thiazoles in good yields,20 respectively (Scheme 4 and 5, Table 2).
The structures of the products (9–11) were also confirmed by spec-
troscopic techniques. The 1H NMR spectrum of 9a exhibited a dou-
blet at d 3.57 (J = 9.0 Hz) for the Ha proton, which clearly showed
the regio- and stereo chemistry of the cycloaddition reaction.

Finally, the regio- and stereochemical outcome of the cycloaddi-
tion reaction was confirmed by a single crystal X-ray analysis21 of
the cycloadducts 9b (Fig. 2) and 10b (Fig. 3).

In conclusion, we have developed a simple and efficient proto-
col for the synthesis of sugar-derived heterocycles containing pyr-
rolidines, pyrrolizidines, and pyrrolothiozoles through 1,3-dipolar
cycloaddition methodology. Further work in this direction is in
progress.
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isopropylidene-a-D-galacto-6-eno-octopyranuronate (0.91 mmol). Colorless
solid. Mp = 130 �C. 1H NMR (300 MHz, CDCl3) d = 0.79 (t, J = 7.2, 3H); 1.31 (s,
3H); 1.32 (s, 3H); 1.45 (s, 3H); 1.47 (s, 3H); 2.07 (s, 3H); 3.15 (t, J = 9 Hz, 1H);
3.21–3.31 (m, 1H); 3.57 (d, J = 9.0 Hz, 1H); 3.60–3.63 (m, 1H); 3.70–3.81 (m,
2H); 3.96 (d, J = 3.9 Hz, 1H); 4.25–4.28 (m, 1H); 4.31 (dd, J = 1.8, 5.1, 1H); 4.61
(dd, J = 1.5, 7.8 Hz, 1H); 5.61 (d, J = 5.1 Hz, 1H); 6.88 (d, J = 7.5 Hz, 1H); 6.98 (t,
J = 7.5 Hz, 1H); 7.17–7.24 (m, 2H); 8.73 (s, 1H). 13C NMR (75 MHz, CDCl3)
d = 13.5, 24.4, 25.1, 25.8, 35.4, 40.4, 54.3, 54.9, 60.4, 67.6, 70.6, 71.1, 72.9, 73.0,
96.7, 108.5, 109.2, 109.9, 122.3, 125.6, 126.8, 129.1, 141.3, 170.7, 179.1. IR
(KBr) mmax: 3296, 1730, 1710 cm�1. HRMS (EI) exact mass calcd for C26H34N2O8:
503.2393 (M+H)+ found 503.2399. Anal. Calcd for C26H34N2O8: C, 62.14; H,
6.82; N, 5.57. Found: C, 62.19; H, 6.94; N, 5.65. ½a�28:4

D �34.2 (c 0.2, CHCl3).
21. The detailed X-ray crystallographic data (CCDC numbers for 9a and 10b are

763779 and 763778, respectively) are available from the Cambridge
Crystallographic Data Centre, 12 Union Road, Cambridge, CB2 1EZ, UK.
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