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Abstract: 2-arylidene-1,3-indanediones undergo a regioselective 1,3-dipolar cycloaddition reaction with the azomethine
ylide derived from isatin and proline to give a rare class of novel complex dispirooxindolopyrrolizidines in better yield
under microwave irradiation than classical heating. X-ray crystal structure analysis of one of the product confirms the
structure and regiochemical outcome of the cycloaddition reaction. Anti-microbial activity studies were carried out with

all the newly synthesized dispiro-oxindolopyrrolizidines.
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INTRODUCTION

Multi component reactions (MCR’s) have emerged as a
powerful tool for delivering the molecular diversity needed
in the combinatorial approaches for the syntheses of bioac-
tive compounds [1]. MCR’s leading to interesting heterocyc-
lic scaffolds, are particularly useful for the creation of di-
verse chemical libraries of ‘drug-like’ molecules for biologi-
cal screening [2].

Pyrrolizidine alkoloids have attracted a great deal of in-
terest because of their wide distribution in nature and their
varied biological activities [3, 4]. Besides a wide spectrum of
interesting biological activities are associated with 2-
indolinone derivaties [5] with C-3 as spiro atom. Oxindole
derivatives are found to be potent aldose reductase inhibitors
(ARI’s), which help to treat and prevent diabetic complica-
tions arising from elevated level of sorbitol [6] and are
known to possess anti-bacterial, anti-protozoal and anti-
inflammatory activities [7]. Spiro oxindole ring system is a
structural feature found in variety of oxindole alkaloids [8]
and has been reported to behave as aldose reductase, poliovi-
rus and rhinovirus 3C-proteinase inhibitors [9]. 1, 3-
indanedione has also captured much attention due to their
important pharmacological properties [10]. Bioactivity of
some of the spiro-pyrrolizidine and spiro oxindolopyrroliz-
idines is reported by us recently [11].

RESULTS AND DISCUSSION

As a part of our endeavor [12-14] to synthesize novel
dispirooxindole derivatives, we have examined 1,3-dipolar
cycloaddition reactions of unusual dipolarophiles 2-
arylidene-1,3-indanediones with the dipole generated from
isatin and L-proline. The multicomponent reaction is carried
out by addition of one equivalent of isatin to one equivalent
of L-proline followed by addition of one equivalent of 2-ary-
lidene-1, 3-indanedione and subjected to different reaction
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condition to afford novel dispirooxindolopyrrolizidine de-
rivatives 4(a-k). The reaction proceeded through decarboxy-
lative condensation of isatin and L-proline forming the
azomethine ylide which underwent subsequent cycloaddition
reaction with various derivatives of 2-arylidene-1,3-
indanediones to afford a series of novel dispirooxindolopyr-
rolizidine derivatives which were characterized on the basis
of spectroscopic data. The regio and stereochemical outcome
of the cycloaddition was confirmed by single crystal X-ray
analysis of 4h (Fig. 1). The IR spectra of 4e revealed the
presence of a carbonyl peak at 1743.5 cm™ showing an in-
crease of 13.5 cm™ from the normal value observed for 2-
(nitropheny1)-1,3-indanedione indicating the loss of conju-
gation. A peak at 1704.9 cm™ due to carbonyl group of oxin-
dole is observed. The proton *H NMR spectrum of 4e-
exhibited peaks at 5 values 2.03-2-30 (m, 4H), 2.78-2.87(m,
2H, -NCHy), 4.91-4.98 (m, 1H, Hy), 4.98-5.00 (d, J = 9.28
Hz, 1H, H,), 6.67-7.97 (m, 12H, ArH). No trace of the other
regioisomer 5(a-k) was detected. If the other regioisomer
5(a-k) were formed one would expect a singlet for benzylic
proton which is not observed .**C NMR spectra of 4(a-k)
add conclusive support to the proposed structure. *C NMR
spectra of 4e exhibited the presence of benzylic carbon at &
51.43, spiro carbons at 6 68.41 and & 74.80, oxindole car-
bonyl at & 177.69, indanedione carbonyl at & 196.50 and &
197.20 ppm respectively. These observed chemical shift
value confirmed the proposed structure. The mass spectrum
of 4e showed a peak at m/z 479 (M"). The structure and the
regiochemistry of the cycloadducts were finally confirmed
by X-ray diffraction studies. Identical results were obtained
with other derivatives of 2-arylidene-1,3-indanediones irre-
spective of the nature of the substituent present in the
arylidene moiety of 2-arylidene-1, 3-indanedione. The
reaction time and the chemical yield are indicated in the (Ta-
ble 1).

In  conclusion, the multicomponent 1,3-dipolar-
cycloaddition reaction described here provides a simple and
direct entry into a number of interesting novel dispirooxin-
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Fig. (1). ORTEP diagram of 4h.

dolopyrrolizidine derivatives possessing 1,3-indanedione
moieties that may be of value in medicinal chemistry. From
the results of a comparative study of the synthesis of dispi-
rooxindolopyrrolizidines by the classical reflux method and
the microwave irradiation, it is evident that the reaction time
has been reduced from several hours to only a few minutes
by using microwave irradiation indicating that microwave
played a significant role in the rate enhancement. High re-
gioselective nature of this type of methodology would be of
potential interest in the construction of various alkaloids.

To the best of our knowledge to date there has been no
report of the cycloaddition reaction of azomethine ylide de-
rived from isatin and L-proline with 2-arylidene-1,
3-indanediones as dipolarophiles.

ACKNOWLEDGEMENTS

ARS thanks Council for Scientific and Industrial Re-
search (CSIR) for the award of Senior Research fellowship.

Current Chemical Biology, 2009, Vol. 3, No.1 433

RR thanks DST and FIST for financial assistance.
EXPERIMENTAL
General

All melting points are uncorrected. IR spectra were re-
corded on a SHIMADZU-FTIR 8300 instrument. Mass spec-
tral data were recorded on a JEOL HFDX 303 spectrometer.
'H NMR and *C NMR spectra were recorded in CDCls-
TMS with JEOL 400 MHz and 100 MHz respectively. Mi-
crowave irradiations were carried out in a Kenstar oven
Model 5250 at 2450 MHz. The starting material 1(a-k) were
prepared as per the literature procedure [15].

Three-Component Regioselective Synthesis of Spiro-
Oxindolopyrrolizidines: General Procedure for the
Synthesis of (4a-k) Under Classical Heating

A mixture of isatin 2 (Immol), L-proline 3 (I mmol) and
2-arylidene-1,3-indanediones 1(a-k) (I mmol) in aqueous
methanol (10ml) were refluxed for the time shown in Table
1, till the completion of the reaction as evidenced by TLC.
After the reaction was over, the solvent was removed under
reduced pressure and the crude product was chromatogra-
phed on silica gel using hexane-ethyl acetate (8:2) as eluent
to afford the cycloadducts 4(a-k).

General Procedure for the Synthesis of (4a-k) Under
Microwave Irradiation

A mixture of 2-arylidene-1, 3-indanedione 1(a-k) (I
mmol), isatin 2 (I mmol) and L-proline 3 (I mmol) in metha-
nol (25ml) was placed in a tall beaker. The beaker was

covered with a stemless funnel and then irradiated for 3-6
min in microwave oven. The resultant residues after cooling
the mixture were recrystallised in methanol.

Crystal Data for Compound 4h [16]

Molecular formula CygH,;N,O3C1. Molecular weight
468, Monoclinic, pale yellow crystals. Number of atoms =
55. A crystal with dimensions of 0.18 x0.17 x 0.11mm was

Table1l. 1,3-Dipolar Cycloaddition Reaction of 2-Arylidene-1, 3-Indanediones 1(a-k) with the Azomethine Ylide Generated From
Isatin 2 and L-Proline 3
Reflux Microwave
Entry Product R
Time (h) Yield (%) Time (min) Yield (%)
1 4a H 2.8 67 5.0 73
2 4b p-C1 25 72 5.0 79
3 4c p-Me 3.0 68 6.0 7
4 4d p-OMe 3.0 70 6.0 81
5 4e p-NO, 25 88 4.0 95
6 4f m-C1 3.0 70 5.0 76
7 49 m-NO, 25 85 4.0 90
8 4h 0-Cl 3.0 70 5.0 7
9 4i 0-NO, 25 85 4.0 90
10 4j 3,4-OMe 3.0 60 6.0 72
11 4k 3,4,5-OMe 3.0 58 6.0 70
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various
conditions

5(a-k)

R = H, Cl, NO,, OCHs, CHs

Scheme 1.

used for the X-ray data collections at 293K on a Bruker
SMART APEXCCD area detector using molybdenum Ka
radiation and a graphite monochromator. 6 Range for data
collection was 2.3-24.3°. A total of 3882 reflections were
measured.

In Vitro Antimicrobial Sensitivity Determination Test

The in vitro antimicrobial sensitivity of the antibiotics
and the test compounds synthesized were determined by the
disc diffusion [17] and well diffusion method [18] as recom-
mended by the National Committee for Clinical Laboratory
Standards (NCCLS)[19].

Antimicrobial Drugs and Test Compounds
Antibacterial and Antifungal Drugs

Thirteen antibacterial agents and two antifungal agents
were used as standard drug for the comparative studies. The
disc concentration levels were as per guidelines of National
Committee for Clinical Laboratory Standards (NCCLS) col-
umn (See Tables 5 and 6). The antimicrobial discs were ob-
tained from HiMedia Laboratories Pvt. Limited, Mumbai
’86, India.)

Stock Solution Preparation of Test Compounds

Stock solutions of newly synthesized compounds were
diluted in 100% Dimethyl sulfoxide (DMSO). The stock
solutions were prepared at different concentration. Stock (A)
7.5mg /12 mL, (B) 15mg /12 mL, (C) 15mg /6 mL and (D)
15mg /3 mL were prepared in various concentrations. From
the diluted stock solution were taken 100pL containing A-
62.5 pg, B-125 pg, C-250 pg and D-500 pg concentration of

the test compounds. They were immediately dispensed into
each agar wells of culture inoculated (MHA) plates using
sterilized micropipette.

Clinical Bacterial Isolates

Clinical isolates of all pathogenic bacterial isolates were
obtained from Department of Clinical Medical Microbiol-
ogy, Apollo Hospitals, greams road, Chennai — 06, Tamil
Nadu, India. All the clinical isolates were identified by stan-
dard methods. From this departmental culture collection unit,
ten clinically important bacterial pathogenic isolates were
obtained of which there were two-gram positive and eight
gram negative bacteria namely Staphylcoccus aureus, Bacil-
lus subtilis, Pseudomonas aeruginosa, Salmonella typhi,
Salmonella paratyphi ‘A’, Salmonella paratyphi ‘H’, Kleb-
siella pneumoniae, Proteus mirabilis, Proteus vulgaris and
Escherichia coli strains were used. All the isolates were
stored frozen in skim milk 50% glycerol at -70°C.

Clinical Yeast Isolates

Clinical isolates of Candida spp. were obtained from
Department of Clinical Microbiology, Apollo Hospitals, 21
Greams Road, Chennai -’06, Tamil Nadu, India. All the
clinical isolates were identified by standard methods. Can-
dida albicans isolate was obtained from blood sample and
Candida tropicalis isolate was obtained from wound site.
Additional reference including one American Type Culture
Collection strain Candida albicans (ATCC 90028) was used.
Isolates were stored as glycerol cell suspensions stocks fro-
zen at -70°C until they were used. Stored clinical isolate cul-
tures were revived in the Sabouraud dextrose broth or
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Brain heart infusion broth incubated at 35°C for 24 hours and
then subcultured onto Sabouraud dextrose agar medium.

Inoculum Preparation
Bacterial Inoculum

The inoculum was prepared using gram positive and
gram-negative bacterial pathogens from a 24 hours old cul-
ture on Brain heart infusion agar. With a sterile loop, the
tops of four to five colonies were transferred to a tube con-
taining SmL of Mueller Hinton broth or Brain Heart infusion
broth. The tube was incubated at 35°C for 24 hours. The tur-
bidity of the culture suspension was adjusted with broth or a
sterile saline solution (0.85-0.9%). The density of this cul-
ture was adjusted with 0.5 McFarland standard and finally
inoculum size approximately 5x 10° CFU/ mL.

Fungal Inoculum

The inoculum used was prepared using the yeasts from a
24 hours old culture on Sabouraud dextrose agar. With a
sterile loop, the tops of four to five colonies were transferred
to a tube containing SmL of Mueller Hinton broth or Brain
Heart infusion broth. The tube was incubated at 35°C for 24
hours. The turbidity of the culture suspension was adjusted
with broth or a sterile saline solution (0.85-0.9%). The cul-
ture density was adjusted with 0.5 McFarland standard and
finally inoculum size approximately (0.5 - 2.5 X 10° CFU/
mL).

Test Medium

The disk diffusion and well diffusion methods were per-
formed using two different agar mediums. For antibacterial
test assay Mueller Hinton Agar (MHA) medium: Casein acid
hydrolysate: 17.5g; Beaf Heart infusion: 2g; Starch soluble
1.5g; ("= 7.3 £ 0.2) Agar 17g; H,0 1000mL. For antifungal
test assay Casitone agar medium: (Bacto-casitone: 9g; yeast
extract: 5g; tri-sodium citrate: 10g; glucose: 20g; bactoagar:
15g; phosphate buffer: KH,PO,4: 1g; Na,HPO,: 1g (pH 6.6);
H,0 1000mL) was used.

Antimicrobial Susceptibility Testing
Disk Diffusion Method

The disk diffusion test as described by Bauer et al. was
performed using Mueller Hinton Agar (MHA) for bacteria
and Casitone agar (CA) medium was used for fungal. The
medium was mixed well, heated in boiling water bath to dis-
solve the medium completely and autoclaved at 151bs pres-
sure (121°C) for 15minutes. After removal from the auto-
clave the sterilized medium was immediately cooled to 50-
55° in a water bath. The cooled medium was poured into
sterile petri plates to a uniform depth of 4mm,; this is equiva-
lent to approximately 25mL in a 90mm plate. Once the me-
dium had solidified then the culture was inoculated on the
medium. Within 15minutes of adjusting the density of the
inoculum, a sterile cotton swab was dipped into the standard-
ized bacterial and yeast suspension or inoculated with 1mL
of the organism suspension. The sterile swab was used to
streak on the surface of the MHA and CA medium to ensure
an even distribution of the inoculum. The plates were al-
lowed undisturbed for 3 to 5 minutes to absorption of excess
moisture. The selected antibiotic disks for bacteria (Table 1)
and antifungal agents namely fluconazole (10pg) and Itra-
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conazole (10pg) disks were placed on the inoculated plates
and pressed firmly into the agar with the sterile forceps to
ensure complete contact with the agar. The plates were then
incubated at 35-37°C for 24 hours. However NCCLS disc
diffusion and MIC standard breakpoints were used for the
interpretative results.

Well Diffusion Method

The well diffusion test was performed using MHA and
CA medium, as per the procedure described by Magaldi
et al. 2004 and the medium was autoclaved at 151bs pressure
(121°C) for 15minutes then was immediately cooled to 50-
55°C in a water bath after removing it from the autoclave.
The cooled medium was poured into sterile petri plates to a
uniform depth of 4mm; this is equivalent to approximately
25mL in a 90mm plate. Once the medium had solidified then
the culture was inoculated on the medium. Within 15minutes
of adjusting the density of the inoculums, a sterile cotton
swab was dipped into the standardized bacterial and yeast
suspension or inoculated with 1mL of the organism suspen-
sion. The sterile swab was used on the surface of the MHA
and CA medium to ensure an even distribution of the inocu-
lums. The plates were undisturbed for 3 to 5 minutes to en-
sure absorption of excess moisture. Sterilized 9mm cork
borer was used to make agar wells, 100 pL of the diluted test
compound stock solutions were placed into each wells and
100% DMSO as a control. The plates were incubated at 35-
37 °C for 24 hours. However NCCLS disc diffusion and
MIC standard breakpoints were used for the interpretative
results.

The percentage (%) of inhibition was calculated by using
the formula.
I (Diameter of the inhibition zone in mm)

% of inhibition = - - - x 100
90 (Diameter of the petri-plates in mm)

Antibacterial Activity Results

The results of the antimicrobial screening of the nine
compounds were given in the (Table 2). From this data, it’s
evident that most of the compounds showed significant in-
hibitory activity against ten clinical human pathogenic iso-
lates of bacterial species namely S. sureus, B. subtilis, P.
aeruginosa, S. typhi, S. paratyphi A, S. paratyphi H, K.
pneumoniae, P. mirabilis, P. vulgaris and E. coli. The anti-
bacterial activities of the tested compounds were found to be
dose dependent. Most of compounds significantly inhibited
bacterial growth at the concentration between 125 ug / mL to
500 ug / mL and activities were found to be good at concen-
trations = 250 ug/mL. It was interesting to observe that all
the nine compounds 4(a-i) exhibited good inhibitory activity
against S. typhi, S. paratyphi A and S. paratyphi H and P.
aeruginosa, Among the compounds tested, 4a exhibited
good inhibitory activity and 4(b-i) showed less to moderate
activity against S. aureus. The results also showed that the
two isolates B. subtilis and P. mirabilis were resistant to the
most of the compounds screened except compound 49 and 4i
which demonstrated moderate inhibitory activity against B.
subtilis. Compound 4b showed good inhibitory activity
against both the Proteus species. Compound 4a showed less
activity against P. mirabilis while other five compounds (4c,
4d, 4e, 4f, and 4h) were found to be resistant. Except 4b, 4c,



436 Current Chemical Biology, 2009, Vol. 3, No. 1

Table 2.

Antibacterial Activity Results of Compounds 4(a-i)

Babu et al.

Clinical Bacterial Test Isolates

Compound 4a (Concentration mg / mL)

Zone of Inhibition (diameter in mm)

100 pL DMSO 62.5p0 /100 pL 125pg /100 pL 250pg /100 pL 500pg /100 pL
| % 1 | % 1 | % 1 | % 1 | % 1
Staphylococcus aureus - - - - 15 16.7 19 211 225 25
Bacillus subtilis - - - - - - - - 15 16.7
Pseudomonas aeruginosa - - 14 15.6 184 204 22 244 25.8 28.7
Salmonella typhi - - - - 16 17.8 18 20 19 211
Salmonella paratyphi ‘A’ - - 17 18.9 214 23.8 25 27.8 28.7 31.9
Salmonella paratyphi ‘H’ - - 14 15.6 18 20 205 222 22 244
Klebsiella pneumoniae - - - - - - 13 144 16.5 18.3
Proteus mirabilis - - - - - - - - 14 15.6
Proteus vulgaris - - - - - - 14 15.6 14.7 16.3
Escherichia coli - - - - 13 14.4 17.5 19.4 21 233
Compound 4b (Concentration mg / mL)
Clinical Bacterial Test Isolates Zone of Inhibition (diameter in mm)
100 pL DMSO 62.5p0 /100 pL 125pg /100 pL 250pg /100 pL 500pg /100 pL
| % 1 | % 1 | % 1 | % 1 | % 1
Staphylococcus aureus - - - - - - 16 17.8 18.6 20.7
Bacillus subtilis - - - - - - - - 16 17.8
Pseudomonas aeruginosa - - 15.3 17 18 20 21 23.3 24.8 27.6
Salmonella typhi - - 145 16.1 19 211 22 244
Salmonella paratyphi ‘A’ - - 145 16.1 184 204 22 244 26 28.9
Salmonella paratyphi ‘H’ - - 13 144 16.7 18.6 18 20 245 27.2
Klebsiella pneumoniae - - 135 15 15.8 17.6 18 20
Proteus mirabilis - - - - 12.6 14 16 17.8 20 222
Proteus vulgaris - - 13 144 17 18.9 194 21.6 22.7 25.2
Escherichia coli - - 12 13.3 15.7 174 18 20 21.4 23.8
Compound 4c (Concentration mg / mL)
Clinical Bacterial Test Isolates Zone of Inhibition (diameter in mm)
100 pL DMSO 62.5p0 /100 pL 125pg /100 pL 250pg /100 pL 500pg /100 pL
| % 1 | % 1 | % 1 | % 1 | % 1
Staphylococcus aureus - - - - - - 12 13.3 16 17.8
Bacillus subtilis - - - - - - - - - -
Pseudomonas aeruginosa - - 17 18.9 23.6 26.2 27 30 29.6 32.9
Salmonella typhi - - - - 15 16.7 18 20 224 24.9
Salmonella paratyphi ‘A’ - - 18 20 225 25 26 28.9 295 32.8
Salmonella paratyphi ‘H’ - - 15 16.7 19.8 22 24.3 27 275 30.6
Klebsiella pneumoniae - - - - 12 13.3 18 20 18.7 20.8
Proteus mirabilis - - - - - - - - - -
Proteus vulgaris - - - - - - - - - -
Escherichia coli - - - - 14 15.6 17.8 19.8 21 233
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Clinical Bacterial Test Isolates

Compound 4d (Concentration mg / mL)

Zone of Inhibition (diameter in mm)

100 pL DMSO 62.5p9 /100 pL 125pg /100 pL 250pg /100 pL 500pg /100 pL
| % 1 | % 1 | % 1 | % 1 | % 1
Staphylococcus aureus - - - - - - 12 13.3 16 17.8
Bacillus subtilis - - - - - - - - - -
Pseudomonas aeruginosa - - 15 16.7 18 20 22.8 25.3 26 28.9
Salmonella typhi - - 18 20 20.4 22.7 253 28.1 28 311
Salmonella paratyphi ‘A’ - - - - - - 12 13.3 15.8 17.6
Salmonella paratyphi ‘H’ - - - - - - 16 17.8 19 211
Klebsiella pneumoniae - - - - - - 135 15 17.6 19.6
Proteus mirabilis - - - - - - - - - -
Proteus vulgaris - - - - - - 15.8 17.6 19 211
Escherichia coli - - - - 15 16.7 15 16.7 17 18.9
Compound 4e (Concentration mg / mL)
Clinical Bacterial Test Isolates Zone of Inhibition (diameter in mm)
100 pL DMSO 62.5p0 /100 pL 125pg /100 pL 250pg /100 pL 500pg /100 pL
| % 1 | % 1 | % 1 | % 1 | % 1
Staphylococcus aureus - - - - 135 15 15 16.7 17.8 19.8
Bacillus subtilis - - - - - - - - - -
Pseudomonas aeruginosa - - - - 14.7 16.3 17.3 19.2 21 23.3
Salmonella typhi - - - - 16 17.8 194 21.6 23 25.6
Salmonella paratyphi ‘A’ - - - - - - 15 16.7 18.3 20.3
Salmonella paratyphi ‘H’ - - - - 16 17.8 19 211 24 26.7
Klebsiella pneumoniae - - - - - - 135 15 17.6 19.6
Proteus mirabilis - - - - - - - - - -
Proteus vulgaris - - - - - - - - - -
Escherichia coli - - - - 17.4 19.3 19 211 238 26.4
Compound 4f (Concentration mg / mL)
Clinical Bacterial Test Isolates Zone of Inhibition (diameter in mm)
100 pL DMSO 62.5p0 /100 pL 125pg /100 pL 250pg /100 pL 500pg /100 pL
| % 1 | % 1 | % 1 | % 1 | % 1
Staphylococcus aureus - - - - - - 126 14 15.6 17.3
Bacillus subtilis - - - - - - - - 13 14.4
Pseudomonas aeruginosa - - - - 16 17.8 18.6 20.7 22 24.7
Salmonella typhi - - - - 13 144 174 19.3 235 26.1
Salmonella paratyphi ‘A’ - - 14.7 16.3 18 20 24 26.7 26.8 29.8
Salmonella paratyphi ‘H’ - - - - - - 148 16.4 18.3 20.3
Klebsiella pneumoniae - - 11 12.2 14.3 15.9 17 18.9 19.6 21.8
Proteus mirabilis - - - - - - - - - -
Proteus vulgaris - - - - 13 144 15.7 174 18 20
Escherichia coli - - - - - - 17 18.9 21 233
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Clinical Bacterial Test Isolates

Compound 4g (Concentration mg / mL)

Zone of Inhibition (diameter in mm)

100 pL DMSO 62.5p0 /100 pL 125pg /100 pL 250pg /100 pL 500pg /100 pL
| % 1 | % 1 | % 1 | % 1 | % 1
Staphylococcus aureus - - - - 12 13.3 148 16.4 16.2 18
Bacillus subtilis - - - - - - 14 15.6 15.4 17.1
Pseudomonas aeruginosa - - 12 13.3 17.3 19.2 22 244 25.8 28.7
Salmonella typhi - - - - - - 15.9 17.7 175 194
Salmonella paratyphi ‘A’ - - 12 13.3 16.4 18.2 18 20 22.6 25.1
Salmonella paratyphi ‘H’ - - - - 14 15.6 185 20.6 23 25.6
Klebsiella pneumoniae - - - - - - - - - -
Proteus mirabilis - - - - - - - - - -
Proteus vulgaris - - - - - - - - 16 17.8
Escherichia coli - - 18 20 21.7 24.1 254 28.2 28.5 317
Compound 4h (Concentration mg / mL)
Clinical Bacterial Test Isolates Zone of Inhibition (diameter in mm)
100 pL DMSO 62.5p9 /100 pL 125pg /100 pL 250pg /100 pL 500pg /100 pL
| % 1 | % 1 | % 1 | % 1 | % 1
Staphylococcus aureus - - - - - - 12 13.3 14.8 16.4
Bacillus subtilis - - - - - - - - - -
Pseudomonas aeruginosa - - - - - - 15 16.7 18 20
Salmonella typhi - - 16.5 18.3 18.6 20.7 21.4 238 25.7 28.6
Salmonella paratyphi ‘A’ - - - - 12 13.3 149 16.6 185 20.6
Salmonella paratyphi ‘H’ - - - - - - - - 15.6 17.3
Klebsiella pneumoniae - - 13 144 15.8 176 18 20 195 21.7
Proteus mirabilis - - - - 12 133 13.9 15.4 16.5 18.3
Proteus vulgaris - - - - - - 14 15.6 17 18.9
Escherichia coli - - - - 15 16.7 18.7 20.8 235 26.1
Compound 4i (Concentration mg / mL)
Clinical Bacterial Test Isolates Zone of Inhibition (diameter in mm)
100 pL DMSO 62.5p0 /100 pL 125pg /100 pL 250pg /100 pL 500pg /100 pL
| % 1 | % 1 | % 1 | % 1 | % 1
Staphylococcus aureus - - - - 143 15.9 17 18.9 204 22.7
Bacillus subtilis - - - - 12 13.3 14.6 16.2 15.8 17.6
Pseudomonas aeruginosa - - - - - - - - - -
Salmonella typhi - - - - - - 143 15.9 16.4 18.2
Salmonella paratyphi ‘A’ - - - - - - - - 15 16.7
Salmonella paratyphi ‘H’ - - - - - - 14 15.6 175 194
Klebsiella pneumoniae - - 14 15.6 175 194 21 23.3 25.7 28.6
Proteus mirabilis - - - - - - 15 16.7 175 19.4
Proteus vulgaris - - - - 12 13.3 15.8 17.6 185 20.6
Escherichia coli - - - - 16 17.8 204 238 236 26.2
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4e and 4g, all the remaining compounds 4a, 4d, 4f, 4h and 4i
exhibited moderate activity against P. vulgaris.

Antifungal Activity Results

Table 3 summarizes the invitro antifungal activity of
compounds 4(a-i) against the two important clinical human
pathogenic yeast isolates of Candida species using well dif-
fusion method. Fluconazole and itraconazole were used as
standard drug as determined by disc diffusion method. Can-
dida albicans was found to be resistant strain to both the
drug whereas fluconazole showed good inhibitory activity
against Candida tropicalis but Itraconazole showed moder-
ate activity. Most of the synthesized compounds were found
to inhibit fungal growth (16-30 %) at the concentration be-
tween 125 ug / mL to 500 ug / mL significantly. Compound
4f, 4g, 4h & 4i were found to be very good antifungal agent
whereas compound 4c, 4d & 4e showed moderate activity.
4a & 4b showed less activity against C. albicans. Though
compound 4a, 4f, 4i exhibited moderate activity and 4b
showed low activity against C. tropicalis, yet the compounds
4c, 4e and 4h were found to be very good antifungal agents.
Compound 4d was found to be resistant against C. tropicalis.
Two compounds 4g and 4h exhibited very good activity
against clinical isolates of Candida Species.

Table 4 depicts the consolidated anti-microbial activity
results of the dispirooxindolopyrrolizidines 4(a-i).

Physical and Spectroscopic Details of the Dispirooxin-
dolopyrrolizidines 4(a-k)

Spiro [2.3’] oxindole-spiro [3.2’"] indane-1’’, 3’’-
dione-4-phenyl-pyrrolizidine 4a. 0.20g, 67 %, pale yellow
crystal, mp; 166-168 °C; IR (KBr): 1701, 1732, 3345.1 cm™;
'H NMR: § 1.95- 2.29 (m, 4H), 2.76- 2.86 (m, 2H, -NCH,),
4.83- 4.87 (m, 1H, Hy), 5.09 (d, J = 9.24 Hz, 1H, H,), 6.67-
7.68 (m, 13H, ArH), 8.40 (s, 1H, -NH); *C NMR: § 30.47,
31.42, 47.65, 51.97, 52.69, 68.54, 74.51,110.00, 122.45,
122.93, 122.95, 127.38, 128.37, 128.91, 135.37, 135.79,
140.70, 177.99, 197.29, 197.81; MS m/z: 434 (M"); Anal.
Calcd for Cyg HoN,O4: C, 77.40; H, 5.10; N, 6.44. Found: C,
77.52; H, 5.15; N, 6.50.

Spiro [2.3’] oxindole-spiro [3.2’"] indane-1’’, 3°’-
dione-4- (p-chlorophenyl)-pyrrolizidine 4b. 0.21 g, 72 %,
pale yellow crystal, mp; 173-175 °C; IR (KBr): 1705, 1739,
3398.3 cm™; 'H NMR: & 1.99-2.29 (m, 4H), 2.74-2.88 (m,
2H, -NCH,), 4.82-4.86 (m, 2H, H,, Hy), 6.67-7.85 (m, 2H,
ArH), 8.25 (s, 1H, -NH); **C NMR: 30.35, 31.28, 47.51,
51.62, 52.32, 68.53, 74.88, 109.87, 109.98, 122.91, 122.95,
123.45, 126.04, 128.47, 129.50, 130.25, 133.10, 133.25,
135.51, 135.95, 140.44, 177.72, 196.99, 197.61; MS m/z:
468 (M"); Anal. Calcd for CygH,;N,03Cl: C, 71.71, H, 4.51,
N, 5.97. Found: C, 71.62, H, 4.60, N, 5.75.

Spiro [2.3’] oxindole-spiro [3.2’"] indane-1"", 3’’-dione-4-
(p-methylphenyl)-pyrrolizidine 4c 0.20 g, 68 %, yellow
solid, mp; 180-182 °C; IR (KBr): 1704, 1730, 3341.7 cm™;
'"H NMR: § 2.02-2.10 (m, 4H), 2.46 (s, 3H), 2.28-2.91 (m,
2H, -NCH,), 4.84-4.86 (m, 1H, Hy), 5.02 (d, J = 9.25 Hz, 1H,
H.), 6.68-7.70 (m, 12H, ArH), 8.56 (s, 1H, -NH); **C NMR:
20.97, 30.37, 31.31, 47.82, 51.06, 52.30, 68.82, 74.76,
110.11, 122.51, 122.96, 123.01, 128.76, 129.12. 135.42,
135.83, 140.70, 141.76, 177.63, 197.19, 197.83; MS m/z:
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448 (M"); Anal.Calcd for CyH2sN,03: C, 77.65, H, 5.39, N,
6.24. Found: C, 77.73,H, 5.52, N, 6.32.

Spiro [2.3’] oxindole-spiro [3.2’"] indane-1’’, 3’’-
dione-4- (p-methoxyphenyl)-pyrrolizidine 4d. 0.20 g, 70
%, yellow solid, mp; 179-181°C; IR (KBr): 1704, 1731,
3352.3 cm™; 'H NMR: § 2.02-2.12 (m, 4H), 2.84-2.92 (m,
2H, -NCH,), 3.72 (s, 3H), 4.86-4.88 (m, 1H, Hy), 5.03 (d, J =
9.25 Hz, 1H, H,), 6.70-7.72 (m, 12H, ArH), 8.62 (s, 1H, -
NH): *C NMR: 30.39, 31.33, 47.87, 51.20, 52.11, 55.42,
68.84, 74.39, 110.08, 110.24, 122.99, 122.97, 123.23
128.79, 129.32, 130.21, 133.07, 134.03, 135.51, 135.81,
140.67, 141.77, 177.81, 197.23, 197.87; MS m/z: 464 (M");
Anal.Calcd for CygH2uN,O4: C, 74.98; H, 5.20; N, 6.03.
Found: C, 75.07; H, 5.30; N, 6.12.

Spiro  [2.3’]oxindole-spiro[3.2’]indane-1"",3’’-dione-
4- (p-nitrophenyl)-pyrrolizidine 4e. 0.24 g, 90 %, yellow
solid, mp; 179-181 °C; IR (KBr): 1346.2, 1523.7, 1704.9,
17435, 3352.1 cm™; *H NMR: & 2.03-2.30 (m, 4H), 2.78-
2.87 (m, 2H, -NCH,) 4.91-4.98 (m, 1H, Hy), 4.99 (d, J =9.28
Hz, 1H, H,), 6.67-7.97 (m, 12H, ArH), 8.56 (s, 1H, -NH);
C NMR: 30.35, 31.35, 47.49, 50.72, 51.43, 68.41, 74.80,
110.03, 122.49, 123.01, 123.04, 123.45, 125.63, 126.02,
129.68, 129.88, 135.76, 136.20, 140.51, 141.39, 142.18,
143.57, 147.08, 177.69, 196.50, 197.20; MS m/z: 479 (M™);
Anal.Calcd for C,gH»1N3Os: C, 70.06; H, 4.51, N, 8.75.
Found: C, 70.20; H, 4.60; N, 8.86.

Spiro [2.3’] oxindole-spiro [3.2’"] indane-1’’, 3’’-
dione-4- (m-chlorophenyl)-pyrrolizidine 4f. 0.20 g, 70 %,
yellow solid mp; 188-189 °C; IR (KBr): 1704.1, 1738.2,
3396.7 cm™; 'H NMR: § 2.02-2.27 (m, 4H), 2.79-2.87 (m,
2H, -NCH,), 4.84-5.02 (m, 2H, H,, Hp), 6.76-7.70 (m, 12H,
ArH), 8.48, (s, 1H, -NH); *C NMR: 30.38, 31.35, 47.69,
47.76, 51.86, 68.61, 74.82, 110.15, 122.56, 123.06, 123.36,
127.12, 127.68, 129.17, 129.67, 134.20, 135.61, 136.04,
140.68, 141.64, 142.64, 142.35, 177.81, 196.79, 197.41; MS
m/z: 468 (M"); Anal.Calcd for C,gH»;N,O5Cl: C, 71.71; H,
4.51; N, 5.97. Found: C, 71.81; H, 4.59; N, 6.05.

Spiro [2.3’] oxindole-spiro [3.2’"] indane-1’’, 3°’-
dione-4- (m-nitrophenyl)-pyrrolizidine 4g. 0.22 g, 85%,
yellow solid, mp; 178-179 °C; IR (KBr): 1346.1, 1523.4,
1703.7, 1742.8, 3351.9 cm™; 'H NMR: & 2.04-2.30 (m, 4H),
2.79-2.89 (m, 2H, -NCH,), 4.91-4.98 (m, 1H, Hy), 5.00 (d, J
=9.29 Hz, 1H, H,), 6.71-7.91 (m, 12H, ArH), 8.60 (s, 1H, -
NH); *C NMR: 30.34, 31.37, 47.53, 50.77, 51.14, 68.49,
74.72, 110.09, 122.42, 122.47, 123.04, 123.91, 125.67,
126.01, 129.43, 129.70, 135.11, 135.67, 136.10, 138.07,
140.51, 141.43, 142.25, 148.06, 177.79, 196.50, 197.19; MS
m/z: 479; Anal.Calcd for CygH»1N3Os: C, 70.06; H, 4.51, N,
8.75. Found: C, 70.22; H, 4.65; N, 8.85.

Spiro [2.3’] oxindole-spiro [3.2’"] indane-1’’, 3°’-
dione-4- (o-chlorophenyl)-pyrrolizidine 4h. 0.20 g, 70 %,
yellow crystal, mp; 182-183 °C; IR (KBr): 1704, 1738,
3396.3 cm™; 'H NMR: & 1.88-2.24 (m, 4H), 2.81-2.88 (m,
2H, -NCH,), 4.67-4.80 (m, 1H, Hy), 5.68-5.70 (d, J = 9.26
Hz, 1H, H.), 6.61- 6.61-7.83 (m, 12H, ArH), 9.86 (s, 1H, -
NH); *C NMR: 29.87, 30.64, 47.76, 51.41, 67.76, 74.59,
109.80, 121.57, 122.59, 122.63, 126.35, 126.47, 128.26,
129.38, 129.52, 129.56, 135.11, 135.42, 135.49, 141.40,
141.69, 141.87, 177.64, 196.64, 196.97; MS m/z: 468 (M™);
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Table 3.

Antifungal Activity Results of Compounds 4(a-i)

Babu et al.

Clinical Yeast Test

Compound 4a (Concentration mg / mL)
Zone of Inhibition (diameter in mm)

Isolates 100 pL DMSO 62.5p9 /100 pL 125pg /100 pL 250pg /100 pL 500pg /100 pL
| % 1 | % 1 | % 1 | % 1 | % 1
Candida albicans - - - - - - 12 13.3 16.4 18.2
Candida tropicalis - - - - - - 145 16.1 174 19.3
Compound 4b (Concentration mg / mL)
Clinical Yeast Test Zone of Inhibition (diameter in mm)
Isolates 100 pL DMSO 62.5p9 /100 pL 125pg /100 pL 250pg /100 pL 500pg /100 pL
| % 1 | % 1 | % 1 | % 1 | % 1
Candida albicans - - 10 111 13 14.4 16.5 18.3
Candida tropicalis - - 11 12.2 14.2 15.8
Compound 4c (Concentration mg / mL)
Clinical Yeast Test Zone of Inhibition (diameter in mm)
Isolates 100 pL DMSO 62.5p9 /100 pL 125pg /100 pL 250pg /100 pL 500pg /100 pL
| % 1 | % 1 | % 1 | % 1 | % 1
Candida albicans - - - - 134 149 15.6 17.3 17 18.9
Candida tropicalis - - 10 111 124 13.8 14 15.6 16.8 18.7
Compound 4d (Concentration mg / mL)
Clinical Yeast Test Zone of Inhibition (diameter in mm)
Isolates 100 pL DMSO 62.5p9 /100 pL 125pg /100 pL 250pg /100 pL 500pg /100 pL
| % 1 | % 1 | % 1 | % 1 | % 1
Candida albicans - - - - - - 14 15.6 16.5 18.3
Candida tropicalis - - - - - - - - 13 144
Compound 4e (Concentration mg/ mL)
Clinical Yeast Test Zone of Inhibition (diameter in mm)
Isolates 100 pL DMSO 62.5p9 /100 pL 125pg /100 pL 250pg /100 pL 500pg /100 pL
| % 1 | % 1 | % 1 | % 1 | % 1
Candida albicans - - - - - - 12 133 15.8 17.6
Candida tropicalis - - - - 134 149 15.2 16.9 17 18.9
Compound 4f (Concentration mg / mL)
Clinical Yeast Test Zone of Inhibition (diameter in mm)
Isolates 100 pL DMSO 62.5p9 /100 pL 125pg /100 pL 250pg /100 pL 500pg /100 pL

| % I

| % I

| % 1

| % 1

| % 1

Candida albicans

12 133

15.6 17.3

17.8 19.8

204 22.7

Candida tropicalis

115 12.8

13 144

15 16.7
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Table 3. Contd....

Compound 4g (Concentration mg / mL)

Clinical Yeast Test Zone of Inhibition (diameter in mm)

Isolates 100 pL DMSO 62.5p9 /100 pL 125pg /100 pL 250pg /100 pL 500pg /100 pL

| % 1 | % 1 | % 1 | % 1 | % 1

Candida albicans - - 12.3 13.7 15.8 17.6 17 18.9 20.7 23
Candida tropicalis - - 14 15.6 174 19.3 19 211 21 23.3

Compound 4h (Concentration mg / mL)

Clinical Yeast Test Zone of Inhibition (diameter in mm)

Isolates 100 pL DMSO 62.5pg /100 pL 125pg /100 pL 250pg /100 pL 500pg /100 pL

I %1 I %1 I %1 I %1 I %1

Candida albicans - - 10 111 13 14.4 175 19.4 19 211
Candida tropicalis - - 15 16.7 18.2 202 218 242 23 26.4

Compound 4i (Concentration mg / mL)

Clinical Yeast Test Zone of Inhibition (diameter in mm)

Isolates 100 pL DMSO 62.5p0 /100 pL 125pg /100 pL 250pg /100 pL 500pg /100 pL

| % 1 | % 1 | % 1 | % 1 | % 1

Candida albicans - - 14 15.6 18.5 20.6 23 25.6 26.8 29.8
Candida tropicalis - - - - 12 13.3 16.4 18.2 18 20

Table4. Consolidated Anti-Microbial Results of Compounds 4(a-i)

Compounds Tested Using Well Diffusion Met
Antibacterial Activity
4a 4b 4c 4d 4e 4f 49 4h 4i
Staphylococcus aureus +++ ++ ++ ++ + + ++ + ++
Bacillus subtilis - - - - - - ++ _ ++
Pseudomonas aeruginosa +++ +++ +++ +++ +++ +++ +++ ++ -
Salmonella typhi +++ +++ +++ +++ +++ +++ ++ +++ ++
Salmonella paratyphi ‘A’ +++ +++ +++ ++ ++ +++ +++ ++ -
Salmonella paratyphi ‘H’ +++ +++ +++ ++ +++ ++ +++ - ++
Klebsiella pneumoniae ++ ++ ++ ++ + +++ - +++ +++
Proteus mirabilis - +++ - - - - _ ++ +
Proteus vulgaris ++ +++ - ++ - +4+ - + 4+ + 4
Escherichia coli +++ +++ +++ +++ +++ +++ +++ +++ +++
Antifungal activity
Candida albicans + + ++ ++ ++ +++ +++ +++ +++
Candida tropicalis ++ + +++ - +++ ++ +++ +++ ++

++ + = Go od activity or Sensitive; + + = Moderate or Intermediate activity; + = Low or Mild activity; - = Resistant
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TableS. Screening Antibacterial Activity Using Standard Antibiotic Disk Against Various Pathogens by Disk Diffusion Method

Disk Diffusion Method
Antibacterial Activity Diameter of Zone of Inhibition in mm for Various Antibiotics
Ce T Cf C Ak Cm Va G M Ck Oof S Pf
Staphylococcus aureus 13.0 | 10.0 - 320 | 215 - 145 | 26.0 315 305 18.0 220 | -
Bacillus subtilis 13.0 115 17.0 18.0 16.0 17.0 14.0 15.0 125 16.0 175 10.0 13.0
Pseudomonas aeruginosa - - - - - - - 8.0 - - 6.0 - -
Klebsiella pneumoniae 7.0 12.0 8.0 15.0 7.0 13.0 - 7.0 - - 12.0 - 9.0
Salmonella typhi 9.5 - 115 - 115 - - 125 - 20.5 11.0 - 9.0
Salmonella paratyphi ‘A’ 9.0 - 10.0 10.0 10.0 10.0 - - - 125 12.0 7.0 9.0
Salmonella paratyphi ‘H’ 11.0 - 16.0 - - 11.0 - 11.0 - 17.0 16.0 9.0 14.0
Proteus mirabilis 125 - 20.0 - 135 - - 9.0 - 17.0 175 - 15.0
Proteus vulgaris - - - 235 14.0 - - 11.0 - 17.0 19.0 - -
Escherichia coli 19.0 11.0 - 235 19.0 - - 21.0 - 18.5 135 - -
Disk Diffusion Method
Antifungal Activity Diameter of Zone of Inhibition in mm for Various Antibiotics
Fluconozole (10 ng) Itraconozole (10 pg)
Candida albicans - 10.0
Candida tropicalis 35.0 18.0

Table 6. NCCLS M2-A7- Disk Diffusion Method Zone Diameter Interpretive Standards and Equivalent Minimal Inhibitory Con-
centration (MIC) NCCLS Breakpoints

Zone Diameter Nearest Whole mm Equivalent DSC freakpoints
Ant:;?]::;hial Symbol Disc Content . (ul/mb)
Resistant (mm Intermediate Sensitive Resistant Sensitive
or less) (mm) (mm or more)

Amikacin Ak 30 ug 14 15-16 17 >32 <16
Ceftizoxime Ck 30 ug 14 15-19 20 >32 <8
Cefotaxime Ce 30 ug 14 15-22 23 >64 <8

Chloramphenical C 30 ug 12 13-17 18 >32 <8
Ciprofloxacin Cf 5ug 15 16-20 21 >4 <1
Gentamycin G 10 ug 12 13-14 15 >8 <4

Methicillin M 30 ug 9 10-13 14 >16 <8

Ofloxacin of 5ug 12 13-15 16 >8 <2

Peflozacin Pf 30 ug - -

Streptomycin S 10 ug 11 12-14 15 - -
Tetracycline T 30 ug 14 15-18 19 >16 <4

Trimazine Cm-Co 25 ug - -

Vancomycin Va 30 ug 15 >32 <4
Antifungal Agents

Fuloconozole Fu 10ug 12 13-18 19 >64 <0.8

Itraconozole It 10pug 12 13-18 19 >1 <0.125
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Anal.Calcd for CygH»1N,O5Cl: C, 71.71; H, 4.51; N, 5.97.
Found: C, 71.84; H, 4.62; N, 6.03.

Spiro [2.3’] oxindole-spiro [3.2’"] indane-1’’, 3’’-
dione-4- (o-nitroophenyl)-pyrrolizidine 4i. 0.23 g, 85 %,
pale yellow crystal, mp; 184-185 °C; IR (KBr): 1346,
1523,1703.4, 1742.6, 3352 cm™; 'H NMR: & 2.08-2.35 (m,
4H), 2.73-3.03 (M, 2H, -NCH,), 4.71-4.79 (m, 1H, Hy), 5.48
(d, J = 9.27 Hz, 1H, H,), 6.52-7.82 (m, 12H, ArH), 9.91 (s,
1H, -NH); C NMR: 29.29, 29.68, 30.21, 43.91, 57.12,
69.71, 74.62, 109.74, 121.34, 122.57, 123.63, 125.74,
127.96, 129.35, 129.99, 131.45, 132.22, 135.51, 135.63,
135.72, 140.97, 141.54, 141.64, 151.60, 177.63, 196.81,
197.42; MS m/z: 479 (M"); Anal.Calcd for CygH2N30s: C,
70.06; H, 4.51; N, 8.75. Found: C, 70.18; H, 4.62; N, 8.84.

Spiro [2.3’] oxindole-spiro [3.2’"] indane-1’’, 3’’-
dione-4- (3, 4-dimethoxyphenyl)-pyrrolizidine 4j. 0.17 g,
60 %; yellow solid, mp; 177-178 °C; IR (KBr): 1704.3,
1730, 3352.1 'H NMR: § 1.94-2.15 (m, 4H), 2.74-2.85 (m,
2H, -NCH,), 3.98 (s, 3H), 4.09 (s, 3H), 4.79-4.82 (m, 1H,
Hp), 5.74 (d, J = 9.28 Hz, 1H, H,), 7.52-7.73 (m, 11H, ArH),
8.85 (s, 1H, NH); *C NMR: 29.63, 29.96, 31.27, 45.54,
52.02, 54.60, 55.18, 66.13, 70.64, 121.45, 122.38, 122.80,
123.11, 124.46, 128.56, 129.95, 13.38, 132.21, 133.60,
133.90, 135.25, 141.67, 148.24, 154.48, 166.16, 171.72,
189.76, 189.97; MS m/z: 494 (M"); Anal. Calcd for
C30H26N20s: C, 72.86; H, 5.29; N, 5.66. Found: C, 72.90; H,
5.36; N, 5.72.

Spiro [2.3’] oxindole-spiro [3.2’"] indane-1’’, 3’’-
dione-4- (3, 4, 5-trimethoxyphenyl)-pyrrolizidine 4k. 0.15
g, 57 %, yellow solid, mp; 176-178 °C; IR (KBr): 1704,
1730, 3352.1cm™; 'H NMR: § 1.92-2.14 (m, 4H), 2.72-2.82
(m, 2H, -NCHy), 3.96 (s, 3H), 3.98 (s, 3H), 4.06 (s, 3H),
4.74-4.78 (m, 1H, Hy), 5.69 (d, J = 9.25 Hz, 1H, H,), 7.48-
7.72 (m, 10H, ArH), 8.88 (s, 1H, -NH); *°C NMR: 27.79,
28.04, 30.33, 44.87, 51.98, 54.01, 54.22, 55.18 66.04, 70.60,
121.40, 122.32, 123.10, 124.42, 127.27, 129.37, 129.58,
13.30, 132.18, 133.52, 135.20, 141.65, 148.52, 155.41,
166.04, 171.68, 189.70, 189.89; MS m/z: 524 (M"); Anal.
Calcd for C31HsN»0Og: C, 70.98; H, 5.37; N, 5.34. Found: C,
70.86; H, 5.46; N, 5.24.
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