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Abstract—N, N-Dimethylammonium N’,N'-dimethyl carbamate (DIMCARB), a reusable reaction medium, has been used in the
synthesis of a number of monoarylidene cyclopentanones. These compounds are used as dipolarophiles in the 1,3-dipolar cycload-
dition reaction of an azomethine ylide, generated in situ by the decarboxylation method for the synthesis of spiropyrrolidines by the

application of microwave methodology.
© 2006 Published by Elsevier Ltd.

Minimising the number of steps, simplicity, reduced
wastage, energy usage, safety and whether the chemistry
is environmentally acceptable'-? are the keywords of sus-
tainable technology. Reducing the use of organic sol-
vents can minimise the generation of waste which is
one of the principles of green chemistry.®> Alternative
media to organic solvents include ionic liquids and
supercritical CO,, water (including at high temperature,
under microwave irradiation*), polyethylene and poly-
propylene glycol. The use of microwave heating for
chemical processes is also important. The main advanta-
ges of solvent-free reactions include the formation of
high purity compounds, fast kinetics, lower energy
usage, simplicity, low equipment cost, possible sequen-
tial reaction and a highly eco-friendly processing route.
N,N-Dimethyl ammonium-N’,N’-dimethyl carbamate
(DIMCARB) is a reusable reaction medium which can
also act as the catalyst® in the Michael reaction of enoli-
sable ketones. This solvent has been used in the synthe-
sis of monoarylidene cyclopentanones which can serve
as dipolarophiles in the 1,3-dipolar cycloaddition reac-
tion with azomethine ylides generated in situ by decar-
boxylation.® The coupling of microwave irradiation
with the use of mineral supports under solvent-free con-
dition provides clean chemical processes.” In this paper,
we highlight the application of microwave methodology
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in the synthesis of spiropyrrolidines.® ! Many spiro
compounds are naturally occurring substances charac-
terised by highly pronounced biological properties.'!!?
The enhancements in the rate of reaction and in yields
are striking. The monoarylidene cyclopentanones were
reported to possess the E-configuration on the basis of
proton NMR analysis.'>!4

Using DIMCARB, monoarylidene cyclopentanones
were formed when a 1:1 ratio of aldehyde and ketone
was used and the yields were moderate to excellent
(Scheme 1). In other media (except water) these reac-
tions frequently produce bis arylidene cyclopenta-
nones.'> The conventional method was able to provide
reduced yields even after a longer reaction time (Table

1).
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Table 1. Percentage yields of 3a-d and S5e under two different
conditions after 3 h

Table 2. Percentage yields of 8a-d and 9e under different conditions
after 10 min

Entry Product DIMCARB method Conventional method

Entry Product Microwave exposure Conventional refluxing

1 3a 85 25
2 3b 91 20
3 3c 80 15
4 3d 78 15
5 Se 74 10

1 8a 90 40
2 8b 92 45
3 8c 80 42
4 8d 85 45
5 9e 50 20

Using our method,'® we have carried out a range of
dipolar cycloaddition reactions in solvent-free condi-
tions via combination of supported reagents and micro-
wave irradiation in a domestic microwave oven.!”
2-Arylidene-1-cyclopentanones 3a-d and Se readily
underwent 1,3-dipolar cycloaddition reactions with the
non-stabilised ylide generated in situ by the decarboxy-
lative condensation of isatin 6 and sarcosine 7 to afford
dispiropyrrolidinyl oxindole derivatives 8a—d and 9e in a
highly regioselective manner (Scheme 2). The reactions
were carried out in a microwave oven for a period of
10 min under neat conditions. The results were
compared with those obtained from the conventional
method of refluxing with aqueous methanol (Table 2).

The dispiroheterocyclic ring structures of products 8a—d
and 9e were confirmed by IR, 'H, 13C NMR and mass
spectral studies. The IR spectrum of 8d revealed the
presence of a carbonyl stretching vibration band at
1750 cm™', showing an increase of 42cm™' from the
normal value of 1708 cm ™! for 2-arylidene-1-cyclopenta-
nones indicating the loss of conjugation. A peak at
1712 cm™! corresponding to the carbonyl group of the
oxindole and a peak at 3348 cm~' which corresponds
to the -NH group of the oxindole ring were also ob-
served. The "H NMR, spectrum of 8d revealed one
sharp singlet at ¢ 2.16 due to the N-methyl protons.
The benzylic proton H, exhibited a doublet of doublets
at 0 4.11 (J=9.8, 8.5 Hz). H. of the N-CH, proton ap-
peared as a doublet of doublets at 6 3.51 (J=12.6,
8.5 Hz). A doublet of doublets was also observed at ¢
3.88 (J=12.6, 8.0 Hz) for the H;, proton. The aromatic
protons appeared as a multiplet in the region ¢ 6.84-7.43
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Scheme 2.

and there was a broad singlet at ¢ 8.51 for the NH pro-
ton of the oxindole. The regiochemistry of the product
8d was confirmed by its '"H NMR spectrum. If the other
isomer had been formed one would expect a singlet in-
stead of doublet of doublets for the benzylic proton.
The regiochemistry of the product 8d was also con-
firmed by its '*C NMR spectrum. The off resonance
decoupled '*C NMR spectrum of 8d exhibited signals
at 0 65.78 ppm due to the spiro carbon C3 of the pyrrol-
idine ring and at ¢ 76.59 ppm due to the C2 spiro carbon
of the pyrrolidine ring. The resonances at § 178.26 ppm
and 214.08 ppm were due to the oxindole carbonyl and
keto carbonyl carbons, respectively. Signals at ¢
37.64 ppm due to N-CH; and at 6 55.18 ppm due to
N-CH,; carbons were also observed. The mass spectrum
of 8d showed a molecular ion peak at m/z 375 (M"),
which further confirmed the formation of the cycload-
duct!'® by the single crystal X-ray structural analysis.'®
Similar results were recorded for the other such
derivatives.

With a view to explore the potential of the cycloaddition
reaction of azomethine ylides for the synthesis of novel
dispiro heterocycles, we extended the same protocol
using the triketone, ninhydrin 10, with sarcosine 7 and
2-arylidene-1-cyclopentanones (Scheme 3). 11a-d and
12e were characterised by IR, mass, '"H NMR and 3¢
NMR. The mass spectrum of 1la demonstrated a
molecular ion peak at m/z 359. The IR spectrum of
11a displayed the absorptions at 1738cm™' for
indan-1,3-dione and at 1747 cm™! for the cyclopenta-
none carbonyls. The 'H NMR showed the following
characteristic peaks. A sharp singlet was noticed at ¢

8a-d
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Table 3. Percentage yields of 11a—d and 12e under different conditions
after 10 min

Entry Product Microwave exposure Conventional refluxing

1 11a 90 20
2 11b 70 13
3 11c 50 10
4 11d 40 10
5 12e 40 8

2.33 which was indicating the presence of N-CHj3 pro-
tons. The H, proton resonated as a doublet of doublets
at 6 2.49 with J = 7.8, 6.8 Hz. A doublet of doublets at
2.71 (J=1.8, 10.6 Hz) was for the Hy proton. The H,
proton exhibited a doublet of doublets at ¢ 3.47
(J=6.8, 10.6 Hz) and the aromatic protons were found
to resonate at 4 7.03-7.90 as a multiplet. The off reso-
nance decoupled '*C NMR spectrum added a conclusive
support. The cyclopentanone ring carbonyl carbon was
found to resonate at 6 204.78 ppm and indan-1,3-dione
ring carbonyl carbon appeared at § 200.8 ppm. There
were 11 aromatic ring carbon signals. The spiro carbon
(C2) of pyrrolidine ring was observed at 6 76.71 ppm. A
signal at 64.51 ppm indicated the presence of C3 spiro
carbon of pyrrolidine ring system. The N-CH, carbon
showed a signal at ¢ 52.29 ppm and N-CHj carbon
exhibited a signal at 6 35.85 ppm.2° Comparable results
were found for other derivatives (Table 3).

Thus a green synthesis for dispiropyrrolidines was
achieved. The present synthetic protocol for the synthe-
sis of spiropyrrolidines is advantageous over the previ-
ous method: (i) the reaction could be performed with
environmentally benign catalysts; (i) provides good
yields of products and (iii) the reaction occurs more rap-
idly. The high regioselectivity might be of potential
interest in the construction of various alkaloids.
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General procedure for the synthesis of 3a—d and 3e by
DIMCARB method. To a stirred mixture of aldehyde
(9.4 mmol) and DIMCARB (10mL) kept at 50°C,
cyclopentanone was added. After completion of the
reaction, DIMCARB was recovered by distillation at
60 °C under high vacuum and the residue was acidified
with 0.5 M H,SO,4 and extracted with ethyl acetate. The
solvent was removed in vacuum and the product was
purified through column chromatography using petroleum
ether ethyl acetate mixture (9:1).

General procedure for the solvent-free microwave promoted
cycloaddition reactions of the azomethine ylide generated
from isatin 6, sarcosine T with 2-arylidene-1-cyclopenta-
nones 3a-d and 5e. A mixture of isatin 6 (1 mmol),
sarcosine 7 (1 mmol), 2-monoarylidene cyclopentanones
3a-d, 5¢ (1 mmol) and 1 g of Bentonite clay was thor-
oughly mixed in a boiling tube which was loosely closed
and immersed in a silica gel bath in a beaker and
irradiated in microwave oven for about 10 min at the
maximum microwave power level (600 W) for two 5 min
durations with intermittent cooling. The temperature
during irradiation rose to a maximum of about 158 °C
as determined by measuring the maximum temperature of
the silica gel bath immediately after irradiation was over
by gently stirring the silica gel with the thermometer. After
the completion, the reaction mixture was cooled and
added to water (5mL) and extracted with diethyl ether
(5 mL). After filtering, the etheral layer was washed with
water and dried with anhydrous sodium sulfate. The

18.

19.

20.

solvent was then removed under vacuum. The crude
product was chromatographed on silica gel using hexane—
ethyl acetate (5:1) as eluant to give 8a—d and 9e.
1-N-Methyl-spiro[2.3' Joxindolespiro[3.2" ]cyclopentanone
4-(4-methoxyphenyl) pyrrolidine 8d. 0.19 g, 85%, pale
yellow coloured solid, mp: 200 °C; IR (KBr): 1712, 1750,
3348 cm™!, 'H NMR: 6 1.14-2.05 (m, 6H), 2.16 (s, 3H),
3.51 (dd, J=12.6, 8.5Hz, 1H,), 3.85 (s, 3H), 3.88 (dd,
J=12.6, 9.8 Hz, 1Hy), 4.11 (dd, J=9.8, 8.5Hz, 1H,),
6.84-7.43 (m, 8H, ArH), 8.51 (br's, 1H); '>*C NMR: 18.55,
32.85, 34.84, 37.64, 55.18, 60.02, 65.78, 76.59, 109.57,
113.63, 123.12, 126.30, 127.10, 129.48, 131.26, 131.34,
141.67, 158.44, 178.26, 214.08; MS m/z: 376 (M); Anal.
Calcd for C,3H4N>O5: C, 76.67; H, 6.67; N, 7.78. Found:
C, 76.49; H, 6.59; N, 7.67.
Govind, M. M.; Selvanayagam, S.; Velmurugan, D.;
Ravikumar, K.; Sridhar, G.; Raghunathan, R. Acta Cryst.
2003, E59, 01438-01440.
1-N-Methyl-spiro[2.2' Jindan-1,3-dionespiro[3.2" ]  cyclo-
pentanone-4-phenyl pyrrolidine 11a: 0.20 g, 90%, pale
¥ellow powder, mp: 220 °C; IR (KBr): 1738, 1747 cm™ !,
H NMR: 6§ 1.93-2.40 (m, 6H), 2.33 (s, 3H), 2.49 (dd,
J=1.8, 6.8Hz, 1H,), 2.71 (dd, J=10.6, 7.8 Hz, 1Hy),
3.47 (dd, J=10.6, 6.8 Hz, 1H,), 7.03-7.90 (m, 9H, ArH);
3C NMR: 26.24, 30.26, 34.79, 35.85, 52.29, 64.51, 76.71,
122.75, 128.70, 128.72, 129.72, 130.67, 134.38, 134.50,
135.04, 135.48, 136.74, 141.07, 141.90, 200.87, 204.78; MS
m/z: 359 (M1); Anal. Caled for Cp3H,NO;: C, 76.88; H,
5.85; N, 3.90. Found: C, 76.99; H, 5.98; N, 4.05.
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