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Abstract—The conformationally locked s-trans enone functionality present in the (E)-3-arylidene-4-chromanones undergo regioselective
1,3-dipolar cycloaddition reaction with N-metalated azomethine ylides derived from b-lactam imines of glycine methyl ester in the presence
of silver acetate to give spiropyrrolidines in moderate to good yield. The regio and stereochemistry of the cycloadducts have been established
by single crystal X-ray structure and spectroscopic techniques. q 2003 Elsevier Science Ltd. All rights reserved.

1. Introduction

The 1,3-dipolar cycloaddition reaction of azomethine ylides
with olefins offers a convenient one-step route for the
construction of a variety of complex pyrrolidine derivatives
with stereogenic centers, because the reaction is usually
concerted.1 – 3 The ease of generation of 1,3-dipoles, the
rapid accumulation of polyfunctionality in a relatively small
molecular framework, the high stereo control of the
cycloaddition and the predictability of its regiochemistry
have contributed to the popularity of the reaction in organic
synthesis.4 This method is widely used in the synthesis of
natural products such as alkaloids and pharmacologically
active compounds.5 Among the different versions of this
reaction, the interaction between N-metalated azomethine
ylides and p-deficient alkenes is especially interesting.
Since in general, it allows the synthesis of pyrrolidines with
good chemical yield.6 It represents one of the most efficient
and mild routes for the synthesis of polyfunctional
pyrrolidine ring systems.7 4-Formyl-b-lactams are versatile
building blocks that can serve not only for the synthesis of
b-lactam antibiotics, including monobactams, carba-
penems, carbacephems and isooxocephems8 but also for
the preparation of other useful non-b-lactam synthetic
targets such as b-substituted aspartic acid derivatives,
hydroxybutanoic acids and isoserines.9 4-Chromanones
are versatile intermediates for the synthesis of many natural
products such as brazilin, hematoxylin, ripariochromene,
clausenin, calonilide (A) and nophyllum (B).10,11 Chroma-

none heterocycles have also drawn much attention due to
their important pharmacological properties.10 Spiro com-
pounds represent an important class of naturally occurring
substances characterized by highly pronounced biological
properties.12 – 14 As a part of our ongoing research program
in the area of cycloaddition reactions15 and with a view to
synthesizing a rare class of spiroheterocyclic deriva-
tives,16 – 18 we herein report the facile synthesis of 4-(51-
pyrrolidinyl)-b-lactams through regioselective cyclo-
addition reaction of azomethine ylides derived from
b-lactam imines with conformationally locked s-trans
enone functionality present in the (E)-3-arylidene-4-
chromanones as dipolarophiles.

2. Results and discussion

Azomethine ylides can be generated by a number of
methods of which the thermal tautomerization route offers
a convenient method for the synthesis of substituted
pyrrolidines.19 In this method, an aldehyde and a primary
amino acid ester are condensed to form imines which
undergo thermal 1,2-prototropic shift to generate azo-
methine ylides. This type of reaction has been intensively
investigated by the groups of Grigg,20 Kanemasa21 and
recently by others.22 The dipoles thermally generated from
the imines of glycine ester undergo stereoselective cyclo-
addition to highly activated cyclic dipolarophiles such as
maleimides and maleic anhydride to give endo cycloadducts
of the E,E-ylides.23 However, their cycloadditions to acyclic
olefin dipolarophiles such as maleates and fumarates are no
longer stereoselective.24 Although the cycloaddition to
acrylates proceed in a regioselective manner, the endo
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selectivity and/or the E,E-specificity with respect to dipoles
are poor. Now this problem is overcome by the application
of a wide range of metal salt/tertiary amine combinations
which proved to be effective for increasing the rate of the
cycloaddition of aryl imines to less reactive dipolarophiles
at room temperature with excellent regio and stereocontrol.
We have chosen (E)-3-arylidene-4-chromanones as
dipolarophiles and N-metalated azomethine ylides derived
from b-lactam imines25 as 1,3-dipole for cycloaddition
reactions and herein we report the results of our investi-
gation. The required dipolarophile (E)-3-arylidene-4-
chromanones (1a–e) were prepared by the acid-catalyzed
reaction of 4-chromanone with various benzaldehydes and
the products were assigned E-configuration on the basis of

their NMR spectra, in accordance with the literature.26

cis-4-Formyl-b-lactam were synthesized by the Staudinger
reaction as reported in the literature.27

Treatment of b-lactam aldehydes with glycine methyl ester
in the presence of anhyd. MgSO4 in dry dichloromethane at
room temperature afforded the imines (2a,b) almost in
quantitative yield as evidenced by one proton doublet at
7.78 ppm (J¼7.8 Hz) (CHvN) and a two proton singlet at
4.22 ppm (N–CH2) in the 1H NMR spectra. Treating these
crude b-lactam imines with (E)-3-arylidene-4-chromanones
in the presence of silver acetate and triethylamine at room
temperature in toluene afforded a series of novel spiro-
pyrrolidine derivatives (3a– j) in moderate to good yield. It

Figure 1. ORTEP diagram of 3b.

Figure 2. ORTEP diagram of 3c.
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was found that, to the limit of 1H NMR detection of the
crude reaction mixture, each cycloadduct was obtained as a
single diastereomer. Importantly, the b-lactam ring was
unaffected by this process. When the reaction was carried
out in DBU as base instead of Et3N, only low yield of
cycloadduct was obtained, whereas in the presence of
pyridine no characteristic product was obtained. When the
same reaction was carried out in acetonitrile as solvent, it
afforded the cycloadduct in poor yield.

The cycloaddition proceeds in a regio and stereocontrolled
fashion. The regio and stereochemical outcome of the
cycloadduct was determined by single crystal X-ray
structure of the cycloadducts (3b) and (3c).28 The X-ray
structure of the cycloadducts (3b) (Fig. 1) and (3c) (Fig. 2)
shows that, the cycloaddition proceeded regio and stereo-
specifically in toluene at room temperature to afford syn-

endo cycloadduct via E,E(syn-dipole)3 (Scheme 1, Table 1).
The stereochemistry of the products (3a– j) is based on the
usual selectivity and endo transition state observed for
metallo azomethine ylide cycloadditions. The structure and
regiochemistry of the cycloadduct have also been confirmed
by spectroscopic data. Thus the keto carbonyl of (3a)
exhibited a peak at 1672 cm21 in the IR spectrum showing
an increase of 8 cm21 from the normal value observed for
benzylidine chromanone indicating loss of conjugation. It
also exhibited a peak at 1738 cm21 due to the ester carbonyl
and at 3399 cm21 due to –NH of the pyrrolidine ring. 13C
NMR of the products showed peaks for the nine sp3 carbons,
three carbonyl carbons and aromatic carbons that confirmed
the proposed structure. 1H NMR spectra of the cycloadducts
add conclusive support for the proposed structure. More-
over, the presence of molecular ion peak at 588 (Mþ) in the
mass spectrum of (3a) confirms the formation of cyclo-
adducts. Identical results were obtained with other
derivatives of benzylidene chromanones.

In conclusion, an efficient synthesis of a series of novel
spiropyrrolidine derivatives containing a b-lactam ring has
been achieved via the [3þ2] cycloaddition reaction between
the (E)-3-arylidene-4-chromanones with N-metalated azo-
methine ylides derived from b-lactam imines.

3. Experimental

3.1. General

All melting points are uncorrected. IR spectra were recorded

Scheme 1.

Table 1. 1,3-Dipolar cycloaddition reaction between benzylidenechroma-
none (1a–e) and N-metalated azomethine ylides derived from b-lactam
imines (2a–b) in the presence of AgOAc

Entry Product R1 R2 Time (h) Yield (%)

1 3a H Ph 40 69
2 3b Cl Ph 48 75
3 3c CH3 Ph 54 71
4 3d OCH3 Ph 72 85
5 3e NO2 Ph 56 60
6 3f H PhO 70 62
7 3g Cl PhO 54 75
8 3h CH3 PhO 64 78
9 3i OCH3 PhO 48 80
10 3j NO2 PhO 50 65
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on SHIMADZU FT-IR 8300 instrument. Mass spectra were
recorded on JEOL DX 303 HF spectrometer. 1H NMR and
13C NMR spectra were recorded in CDCl3 with TMS as an
internal standard on JEOL 400 and 100 MHz, respectively.
Elemental analyses were carried out on Perkin–Elmer 240
B instrument. The starting materials b-lactam imines were
prepared according to literature procedures and it was used
without further purification.25

3.2. General procedure for the cycloaddition reaction
between 3-arylidene-4-chromanones (1a–e) and the
b-lactam imines (2a,b) in the presence of silveracetate as
catalyst

To a solution of b-lactam imines (0.5 mmol) in toluene
(6 mL) were sequentially added silver acetate (0.1 g,
0.6 mmol), the dipolarophile (0.6 mmol) and triethylamine
(0.08 mL, 0.6 mmol) and the reaction mixture was stirred at
ambient temperature in the dark for the time as shown in the
Table 1. After completion of the reaction, the reaction
mixture was diluted with chloroform (10 mL) and filtered
through a celite pad, washed with saturated aq. solution of
NH4Cl (10 mL) and then extracted with chloroform
(2£10 mL). The combined organic layers were washed
with brine (20 mL), dried (anhyd. MgSO4), filtered and the
solvent was evaporated in vacuo. The residue was purified
by column chromatography on silica gel (100–200 mesh)
with petroleum ether/ethyl acetate (4:1) to afford the
cycloadducts.

3.2.1. Spiro[2-carbomethoxy-3-phenyl-5-(S,R)-[cis-1-(4-
methoxyphenyl)-3-phenyl-4-oxo-azetidin-2-(S,R)-yl]pyr-
rolidine-4,31-chroman-41-one] (3a). Yield 0.2 g (69%),
colorless solid, mp 181–1828C (found: C, 73.59; H, 5.25; N,
4.55. C36H32N2O6 requires C, 73.45; H, 5.48, N, 4.76%); IR
(KBr): 1672, 1738, 3399 cm21; 1H NMR: 2.73 (bs, 1H),
3.08 (d, J¼12.2 Hz, 1H, HD), 3.58–3.63 (m, 5H, OCH3,
OCHH, CHC), 3.80 (s, 3H), 3.97–4.04 (m, 2H, OCHH, HE),
4.44 (d, J¼5.6 Hz, 1H, b-lactam ring CHA), 4.72
(dd, J¼7.9, 5.6 Hz, 1H, b-lactam ring, CHB), 6.69–7.95
(m, Ar-H, 18H); 13C NMR: 52.15, 54.82, 55.38, 56.37,
57.99, 58.31, 64.19, 64.52, 70.50, 114.06, 117.69,
121.18, 121.88, 121.94, 127.26, 127.56, 128.03, 128.27,
128.39, 128.43, 130.44, 131.02, 131.90, 135.94, 136.35,
156.75, 160.89, 166.46, 171.94, 194.24. CIMS m/z: 588
(Mþ).

3.2.2. Spiro[2-carbomethoxy-3-(4-chlorophenyl)-5-
(S,R)-[cis-1-(4-methoxyphenyl)-3-phenyl-4-oxo-azetidin-
2-(S,R)-yl]pyrrolidine-4,31-chroman-41-one] (3b). Yield
0.23 g (75%), colorless solid, mp 252–2538C (found: C,
69.56; H, 4.88; N, 4.35. C36H31ClN2O6 requires C, 69.39;
H, 5.01, N, 4.50%); IR (KBr): 1679, 1743, 3363 cm21; 1H
NMR: 2.73 (bs, 1H), 3.14 (d, J¼12.2 Hz, 1H, HD), 3.64–
3.70 (m, 5H, OCH3, OCHH, CHC), 3.87 (s, 3H), 4.01–4.11
(m, 2H, OCHH, HE), 4.51 (d, J¼5.8 Hz, 1H, b-lactam ring
CHA), 4.86 (dd, J¼8.3, 5.8 Hz, 1H, b-lactam ring, CHB),
6.72–7.99 (m, Ar-H, 17H); 13C NMR: 52.21, 54.17, 55.40,
56.79, 57.92, 58.14, 63.70, 64.28, 70.17, 114.02, 117.71,
121.37, 121.79, 122.00, 127.24, 128.06, 128.39, 128.45,
129.71, 130.47, 130.96, 131.79, 133.46, 134.17, 136.44,
156.78, 160.71, 166.68, 171.68, 193.89. CIMS m/z: 622
(Mþ).

3.2.3. Spiro[2-carbomethoxy-3-(4-methylphenyl)-5-
(S,R)-[cis-1-(4-methoxyphenyl)-3-phenyl-4-oxo-azetidin-
2-(S,R)-yl]pyrrolidine-4,31-chroman-41-one] (3c). Yield
0.21 g (71%), colorless solid, mp 228–2298C (found: C,
73.54; H, 5.84; N, 4.48. C37H34N2O6 requires C, 73.74; H,
5.69, N, 4.65%); IR (KBr): 1672, 1739, 3396 cm21; 1H
NMR: 2.23 (s, 3H), 2.74 (bs, 1H), 3.15 (d, J¼12.7 Hz, 1H,
HD), 3.58–3.66 (m, 5H, OCH3, OCHH, CHC), 3.80 (s, 3H),
3.94–3.98 (m, 2H, OCHH, HE), 4.43 (d, J¼5.6 Hz, 1H,
b-lactam ring CHA), 4.68 (dd, J¼8.1, 5.6 Hz, 1H, b-lactam
ring, CHB), 6.71–7.94 (m, Ar-H, 17H); 13C NMR: 20.89,
52.13, 54.39, 55.40, 56.29, 58.07, 58.36, 64.40, 64.49,
70.68, 114.08, 117.74, 121.21, 121.94, 127.28, 128.00,
128.29, 128.44, 128.62, 129.01, 130.44, 131.05, 131.92,
132.92, 136.32, 137.29, 156.76, 161.00, 166.49, 172.00,
194.33. CIMS m/z: 602 (Mþ).

3.2.4. Spiro[2-carbomethoxy-3-(4-methoxyphenyl)-5-
(S,R)-[cis-1-(4-methoxyphenyl)-3-phenyl-4-oxo-azetidin-
2-(S,R)-yl]pyrrolidine-4,31-chroman-41-one] (3d). Yield
0.26 g (85%), colorless solid, mp 238–2398C (found: C,
71.99; H, 5.35; N, 4.64. C37H34N2O7 requires C, 71.83; H,
5.54, N, 4.53%); IR (KBr): 1681, 1741, 3399 cm21; 1H
NMR: 2.65 (bs, 1H), 3.14 (d, J¼13.2 Hz, 1H, HD), 3.59–
3.64 (m, 5H, OCH3, OCHH, CHC), 3.74 (s, 3H), 3.79 (s, 3H)
3.95–4.10 (m, 2H, OCHH, HE), 4.41 (d, J¼5.3 Hz, 1H,
b-lactam ring CHA), 4.71 (dd, J¼9.1, 5.3 Hz, 1H, b-lactam
ring CHB), 6.71–7.94 (m, Ar-H, 17H); 13C NMR: 52.12,
52.34, 54.43, 55.39, 56.35, 57.92, 58.22, 63.92, 64.58,
70.68, 113.29, 114.06, 117.78, 121.28, 121.98, 122.21,
127.24, 128.08, 128.29, 128.46, 129.08, 130.44, 131.88,
132.89, 135.88, 136.48, 156.76, 160.94, 166.68, 172.07,
194.22. CIMS m/z: 618 (Mþ).

3.2.5. Spiro[2-carbomethoxy-3-(4-nitrophenyl-5-(S,R)-
[cis-1-(4-methoxyphenyl)-3-phenyl-4-oxo-azetidin-2-
(S,R)-yl]pyrrolidine-4,31-chroman-41-one] (3e). Yield
0.19 g (60%), colorless solid, mp 185–1868C (found: C,
68.45; H, 4.71; N, 6.47. C36H31N3O8 requires C, 68.24; H,
4.93, N, 6.63%); IR (KBr): 1674, 1745, 3363 cm21; 1H
NMR: 2.72 (bs, 1H), 3.12 (d, J¼11.2 Hz, 1H, HD), 3.59 (s,
3H), 3.59–3.67 (m, 5H, OCH3, OCHH, CHC), 3.94–4.15
(m, 2H, OCHH, HE), 4.42 (d, J¼5.7 Hz, 1H, b-lactam ring
CHA), 4.70 (dd, J¼9.3, 5.7 Hz, 1H, b-lactam ring CHB),
6.65–8.12 (m, Ar-H, 17H); 13C NMR: 52.18, 54.62, 55.45,
56.42, 57.92, 58.22, 64.27, 64.39, 70.56, 114.48, 117.85,
121.21, 121.98, 127.45, 128.03, 128.29, 128.64, 129.04,
129.72, 130.62, 131.33, 135.96, 136.88, 143.85, 147.38,
156.42, 160.95, 166.25, 172.34, 194.28. CIMS m/z: 633
(Mþ).

3.2.6. Spiro[2-carbomethoxy-3-phenyl-5-(S,R)-[cis-1-(4-
methoxyphenyl)-3-phenoxy-4-oxo-azetidin-2-(S,R)-
yl]pyrrolidine-4,31-chroman-41-one] (3f). Yield 0.19 g
(62%), colorless solid, mp 231–2328C (found: C, 71.42;
H, 5.45; N, 4.74. C36H32N2O7 requires C, 71.51; H, 5.33, N,
4.63%); IR (KBr): 1684, 1745, 3345 cm21; 1H NMR: 2.61
(bs, 1H), 3.63 (s, 3H), 3.79 (s, 3H), 4.19 (d, J¼10.7 Hz, 1H,
HD), 4.26 (d, J¼9.4 Hz, 1H, HC), 4.32 (d, J¼9.7 Hz, 1H,
OCHH), 4.39–4.43 (m, 2H, OCHH, HE), 5.0 (dd, J¼9.4,
5.4 Hz, 1H, b-lactam ring CHB), 5.13 (d, J¼5.4 Hz, 1H,
b-lactam ring CHA), 6.62–7.71 (m, Ar-H, 18H); 13C NMR:
52.25, 53.61, 55.43, 58.82, 59.42, 62.35, 63.55, 70.79,
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79.03, 113.79, 115.36, 117.60, 121.67, 121.79, 122.06,
122.18, 127.39, 127.80, 128.35, 128.45, 128.70, 129.09,
130.44, 134.75, 135.89, 156.50, 156.87, 161.19, 164.28,
172.49, 194.23. CIMS m/z: 604 (Mþ).

3.2.7. Spiro[2-carbomethoxy-3-(4-chlorophenyl)-5-
(S,R)-[cis-1-(4-methoxyphenyl)-3-phenoxy-4-oxo- azeti-
din-2-(S,R)-yl]pyrrolidine-4,31-chroman-41-one] (3g).
Yield 0.24 g (75%), colorless solid, mp 194–1958C
(found: C, 67.80; H, 4.68; N, 4.22. C36H31ClN2O7 requires
C, 67.66; H, 4.89, N, 4.38%); IR (KBr): 1675, 1737,
3344 cm21; 1H NMR: 1.65 (bs, 1H), 3.59 (s, 3H), 3.78 (s,
3H), 4.12 (d, J¼10.7 Hz, 1H, HD), 4.24–4.29 (m, 2H,
OCHH, HC), 4.32–4.43 (m, 2H, OCHH, HE), 5.05 (dd,
J¼9.2, 5.4 Hz, 1H, b-lactam ring CHB), 5.11 (d, J¼5.4 Hz,
1H, b-lactam ring CHA), 6.62–7.59 (m, Ar-H, 17H); 13C
NMR: 52.21, 53.62, 55.38, 58.86, 59.78, 62.44, 63.43,
70.12, 79.22, 113.82, 114.99, 117.48, 121.62, 121.84,
122.00, 122.25, 127.44, 127.80, 128.34, 128.74, 129.22,
130.48, 134.78, 135.89, 156.52, 156.88, 161.28, 164.38,
172.82, 194.04. CIMS m/z: 638 (Mþ).

3.2.8. Spiro[2-carbomethoxy-3-(4-methylphenyl)-5-
(S,R)-[cis-1-(4-methoxyphenyl)-3-phenoxy-4-oxo-azeti-
din-2-(S,R)-yl]pyrrolidine-4,31-chroman-41-one] (3h).
Yield 0.24 g (78%), colorless solid, mp 226–2278C
(found: C, 71.64. 5.74; H, 4.38; N, 4.22. C37H34N2O7

requires C, 71.83; H, 5.54, N, 4.53%); IR (KBr): 1689,
1741, 3399 cm21; 1H NMR: 1.65 (bs, 1H), 2.27 (s, 3H), 3.64
(s, 3H), 3.80 (s, 3H), 4.17 (d, J¼12.2 Hz, 1H, HD), 4.21–
4.30 (m, 2H, OCHH, HC), 4.37–4.42 (m, 2H, OCHH, HE),
5.08 (dd, J¼8.7, 5.3 Hz, 1H, b-lactam ring CHB), 5.13 (d,
J¼5.3 Hz, 1H, b-lactam ring CHA), 6.58–7.72 (m, Ar-H,
17H); 13C NMR: 21.00, 52.15, 55.38, 56.11, 58.79, 59.33,
62.82, 63.79, 70.84, 79.22, 114.76, 116.14, 117.72, 118.46,
122.44, 122.79, 123.08, 127.38, 128.15, 128.71, 129.50,
129.92, 130.73, 132.86, 135.85, 157.00, 157.86, 162.23,
164.38, 172.45, 194.23. CIMS m/z: 618 (Mþ).

3.2.9. Spiro[2-carbomethoxy-3-(4-methoxyphenyl)-5-
(S,R)-[cis-1-(4-methoxyphenyl)-3-phenoxy-4-oxo-azeti-
din-2-(S,R)-yl]pyrrolidine-4,31-chroman-41-one] (3i).
Yield 0.25 g (80%), colorless solid, mp 232–2338C
(found: C, 69.95; H, 5.65; N, 4.22. C37H34N2O8 requires
C, 70.02; H, 5.40, N, 4.41%); IR (KBr): 1672, 1743,
3350 cm21; 1H NMR: 1.69 (bs, 1H), 3.65 (s, 3H), 3.76 (s,
3H), 3.80 (s, 3H), 4.12 (d, J¼12.7 Hz, 1H, HD), 4.23–4.29
(m, 2H, OCHH, HC), 4.31–4.43 (m, 2H, OCHH, HE), 5.03
(dd, J¼9.4, 4.8 Hz, 1H, b-lactam ring CHB), 5.14 (d,
J¼4.8 Hz, 1H, b-lactam ring CHA), 6.78–7.73 (m, Ar-H,
17H); 13C NMR: 52.13, 53.48, 55.18, 55.34, 58.60, 59.74,
62.52, 63.48, 70.74, 79.14, 113.85, 113.96, 115.44, 115.99,
117.74, 119.25, 121.73, 121.91, 122.22, 122.93, 127.44,
129.17, 129.76, 129.83, 134.78, 135.88, 156.46, 161.29,
164.48, 172.83, 194.04. CIMS m/z: 634 (Mþ).

3.2.10. Spiro[2-carbomethoxy-3-(4-nitrophenyl)-(S,R)-
[cis-1-(4-methoxyphenyl)-3-phenoxy-4-oxo-azetidin-2-
(S,R)-yl]pyrrolidine-4,31-chroman-41-one] (3j). Yield
0.21 g (65%), colorless solid, mp 210–2118C (found: C,
66.42; H, 5.05; N, 6.23. C36H31N3O9 requires C, 66.56; H,
4.81, N, 6.47%); IR (KBr): 1679, 1738, 3363 cm21; 1H
NMR: 2.68 (bs, 1H), 3.64 (s, 3H), 3.80 (s, 3H), 4.19 (d,

J¼10.5 Hz, 1H, HD), 4.21 (d, J¼9.1 Hz, 1H, HC), 4.32 (d,
J¼11.7 Hz, OCHH), 4.39–4.45 (m, 2H, OCHH, HE), 5.0
(dd, J¼9.1, 5.3 Hz, 1H, b-lactam ring CHB), 5.13 (d,
J¼5.3 Hz, 1H, b-lactam ring CHA), 6.68–8.19 (m, Ar-H,
17H); 13C NMR: 52.08, 53.55, 55.64, 58.72, 59.22, 62.48,
63.34, 70.82, 79.13, 114.52, 115.78, 117.45, 121.55, 122.04,
122.22, 127.52, 127.94, 128.45, 128.62, 129.00, 130.74,
134.48, 135.75, 143.54, 147.22, 156.84, 160.89, 164.44,
172.58, 194.03. CIMS m/z: 649 (Mþ).

Acknowledgements

G. S. thanks Council of Scientific and Industrial Research
(CSIR), New Delhi for the award of Senior Research
Fellowship. Financial support from CSIR and UGC is
gratefully acknowledged. One of us (A. M. M. C.) thanks
CAICYT (Grant BQU2000-0246) for financial support.

References

1. Tsuge, O.; Kanemasa, S. Adv. in Heterocyclic Chemistry,

Katritzky, A. R., Ed.; Academic: San Diego, 1989; Vol. 45, p

231.

2. 1,3-Dipolar Cycloaddition Chemistry, Padwa, A., Ed.; Wiley:

New York, 1984; Vols. 1 and 2.

3. Grigg, R.; Sridharan, V. Advances in Cycloaddition, Curran,

D. P., Ed.; Jai: London, 1993; Vol. 3, p 161.

4. (a) Oppolzer, W. Angew. Chem., Int. Ed. Engl. 1977, 16, 18.

(b) Padwa, A. Angew. Chem., Int. Ed. Engl. 1976, 15, 123.

5. (a) Williams, R. M.; Fegley, G. J. Tetrahedron Lett. 1992, 33,

6755. (b) Garner, P. E.; Klippenstein, S. J. J. Org. Chem. 1994,

59, 6510.

6. Kenemasa, S.; Tsuge, O. Advances in Cycloaddition, Curran,

D. P., Ed.; Jai: Greenwich, 1993; Vol. 3, p 99.

7. Mirari, A.; Arrieta, A.; Cossia, F. P. J. Org. Chem. 1998, 63,

1795.

8. (a) Georg, G. I.; Kant, J. J. Org. Chem. 1988, 53, 692.

(b) Mastalerz, H.; Vinet, M. Chem. Commun. 1987, 1283.

(c) Georg, G. I.; Kant, J.; Gill, H. S. J. Am. Chem. Soc. 1987,

109, 1129. (d) Hart, D. J.; Ha, D.-Ch. Tetrahedron Lett. 1985,

26, 5493.

9. (a) Bose, A. K.; Womelsdorf, J. F.; Krishnan, L.; Urbanczyk-

Lipkowska, Z.; Shelly, D. C.; Manhas, M. Tetrahedron 1991,

47, 5379. (b) Robinson, R. P.; Donahue, K. M. J. Org. Chem.

1992, 57, 7309. (c) Palomo, C.; Cabre, F.; Ontoria, J. M.

Tetrahedron Lett. 1992, 33, 4819. (d) Annunziata, R.;

Benaglia, M.; Cinquini, M.; Cozzi, F.; Ponzini, F. J. Org.

Chem. 1993, 58, 4746. (e) Kende, A. S.; Koch, K.; Dorey, G.;

Kaldor, I.; Liu, K. J. Am. Chem. Soc. 1993, 115, 9842.

10. Ellis, G. P.; Lockhart, I. M.; Meeder-Nycz, D.; Schweizer,

E. E. In Chromenes, Chromanones and Chromones, Ellis,

G. P., Ed.; Wiley: New York, 1977.

11. Chenera, B.; West, M. L.; Finkelstein, J. A.; Dreyer, G. B.

J. Org. Chem. 1993, 58, 5605.

12. Longeon, A.; Guyot, M.; Vacelet, J. Experentia 1990, 46, 548.

13. Kobayashi, J.; Tsuda, M.; Agemi, K.; Shigemori, H.;

Ishibashi, M.; Sasaki, T.; Mikami, Y. Tetrahedron 1991, 47,

6617.

14. James, D. M.; Kunze, H. B.; Faulkner, D. J. J. Nat. Prod. 1991,

54, 1137.

G. Subramaniyan et al. / Tetrahedron 59 (2003) 335–340 339



15. (a) Manikandan, S.; Shanmugasundaram, M.; Raghunathan, R.

Tetrahedron 2002, 58, 597. (b) Shanmugasundaram, M.;

Manikandan, S.; Raghunathan, R. Tetrahedron 2002, 58, 997.

16. Shanmugasundaram, M.; Raghunathan, R. Tetrahedron 2000,

56, 5241.

17. (a) Subramaniyan, G.; Raghunathan, R. Tetrahedron 2001, 57,

2909. (b) Manikandan, S.; Shanmugasundaram, M.;

Raghunathan, R.; Malar, E. J. P. Heterocycles 2000, 53, 579.

18. (a) Manikandan, S.; Ashraf, M. M.; Raghunathan, R. Synth.

Commun. 2001, 31, 3593. (b) Amalraj, A.; Raghunathan, R.

Tetrahedron 2001, 57, 10293.

19. (a) Amornraksa, K.; Grigg, R.; Gunaratne, H. Q. M.; Kemp, J.;

Sridharan, V. J. Chem. Soc., Perkin Trans. 1 1987, 2285.

(b) Grigg, R.; Gunaratne, H. Q. M.; Kemp, J. J. Chem. Soc.,

Perkin Trans. 1 1984, 41.

20. (a) Grigg, R.; Hargreves, S.; Redpath, J.; Turchi, S.;

Yoganathan, G. Synthesis 1999, 441. (b) Cooper, D. M.;

Grigg, R.; Hargreeves, S.; Kennewell, P.; Redpath, J.

Tetrahedron 1995, 51, 7791. (c) Grigg, R.; Montgomery, J.;

Somasunderam, A. Tetrahedron 1992, 47, 10293.

21. (a) Kanemasa, S.; Yamamota, H. Tetrahedron Lett. 1990, 31,

3633. (b) Kanemasa, S.; Yoshioka, M.; Tsuge, O. Bull. Chem.

Soc. Jpn 1989, 62, 869. (c) Kanemasa, S.; Yoshioka, M.;

Tsuge, O. J. Org. Chem. 1988, 53, 1384.

22. (a) Garcia Ruano, J. L.; Tito, A.; Peromingo, M. J. J. Org.

Chem. 2002, 67, 981. (b) Merino, I.; Santosh Laxmi, Y. R.;

Florez, J.; Barluenga, J.; Ezquerra, J.; Pedregal, C. J. Org.

Chem. 2002, 67, 648.

23. (a) Tsuge, O.; Kanemasa, S.; Ohe, M.; Yoruzu, K.; Takenaka,

S.; Ueno, K. Bull. Chem. Soc. Jpn 1987, 60, 4067. (b) Grigg,

R.; Kemp, J. J. Chem. Soc., Chem. Commun. 1978, 2885.

24. (a) Grigg, R.; Kemp, J. Tetrahedron Lett. 1980, 21, 2461.

(b) Joucla, M.; Hamelin, J. Tetrahedron Lett. 1978, 19, 2885.

25. (a) Few reports available using b-lactam imines as 1,3-dipole

precursor, see Grigg, R.; Thornton-Pett, M.; Xu, J.; He Xu, L.

Teterahedron 1999, 55, 13841. (b) Alcaide, B.; Almendros, P.;

Alonso, J. M.; Aly, M. F. J. Org. Chem. 2001, 66, 1351.

26. Bennett, B.; Donnelly, J. A.; Meanney, D. C.; Boyle, P. O.

J. Chem. Soc., Perkin Trans. 1 1972, 1554.

27. (a) Alcaide, B.; Martin-Cantalejo, Y.; Perez-Castells, J.;

Rodriguez-Lopez, J.; Sierra, M. A. J. Org. Chem. 1992, 57,

5921. (b) Alcaide, B.; Martin-Cantalejo, Y.; Plumet, J.;

Rodriguez-Lopez, J.; Sierra, M. A. Tetrahedron Lett. 1991,

32, 803.

28. Crystallographic data for the structural analysis have been

deposited at the Cambridge Crystallographic data Centre,

CCDC Nos. 190810 and 190811 for the compounds 3b and 3c,

respectively. Copies of this information may be obtained free

of charge from The Director, CCDC, 12 Union Road,

Cambridge, CB2 1FZ. UK (fax: þ044-1233-336033; e-mail:

deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk).

G. Subramaniyan et al. / Tetrahedron 59 (2003) 335–340340

http://www.ccdc.cam.ac.uk

	Stereoselective synthesis of 5-(41-azetidinyl)-proline esters via 1,3-dipolar cycloaddition reaction of N-metalated azomethine 
	Introduction
	Results and discussion
	Experimental
	General
	General procedure for the cycloaddition reaction between 3-arylidene-4-chromanones (1a-e) and the beta-lactam imines (2a,b) in 

	Acknowledgements
	References


