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ABSTRACT

Novel spiro indole derivativesincorporating pyranopyrroles (5) have been
synthesized by thereaction of 1,3-dihydro-3-carboethoxycyanomethylene-
2H-indol-2-one (3) with 2- pyrrolidone (4) under thermal and microwave
irradiation conditions. Compound (3) was synthesized by the knoevenagel
condensation of indole-2, 3-dione (1) and ethylcyanoacetate (2). All the
synthesized compounds have been characterized by IR, HNMR studies
and elemental analyses. Few compounds have also been screened for anti-

tubercular, antifungal and herbicidal activities.
© 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Heterocyclic compounds play animportant rolein
organic chemistry assynthetic auxiliariesleadingtoim-
portant compoundsof industrial and medicinal value.
Among nitrogen-contai ning heterocycles, theindoleis
of great valuein thefield of medicineand biochemistry.
Theindolering sysemnot only display interesting chem-
istry asindividua ring system but lsomay leadtolarge
number of fascinating ring systems by incorporating
morethan one moiety. The research on the chemistry
of indoleshasbeen afocusof attention for chemistsfor
alongtime, duetotheir diversified biologica activi-
tied4, Furthermore, thosecompoundsinwhichindole-
3 carbonisintheform of spiro atom exhibit enhanced
bioactivity>". Severd naturaly occurring compounds
e.g., degantine, rhynchophyllineand surgatoxin arehet-
erocyclic compoundswith aSpiro atom at position 3
of the 2- indolinone skeleton. Fredricamycin-A, spiro
heterocycleisan antitumor antibiotic agent. Strychofline,
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isolated from strychnos usambarensi s has been found
to exhibit antimitotic activity of cancer cell culture®.
Spiro[indole- pyrans] dso display useful bioactivities
asmusclerdaxants?, hypnoticd® and anti-inflamma-
tory agents'?. Spiro[indole-pyrrolidines] aso exhibit
binding affinity to glycine receptors*¥, local anes-
theticl3, anticonvul sant!*® and other pharmacol ogical
activitied¥. Thediversebiological activitiesreported
for pyran and pyrrole derivatives prompted theinterest
to synthesize some novel Spiroindolederivativesin-
corporating these ring systems at position 3- of 2-
indolinone skeleton and to study their antitubercular,
antifungal and herbicidd activities

Theapplication of microwavesto organic synthesis
iswell known(*¥, Recently reactionsunder dry condi-
tionsusinginorganic reagents® aregaining moreatten-
tion because of their enhanced sel ectivity and milder
conditions than those associated with conventional
homogeneousreaction procedures.

Earlier, we studied the reaction of 3- dicyano
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methylene-2H-indol-2-oneswith 4-hydroxy coumarin,
2-pyrrolidone and 1-phenyl-2-thiohydantoin and reac-
tion of 3-carboethoxycyanomethylene-2H-indol-2-
oneswith 1-phenyl-2-thiohydantoin under conventiona
heating and under microwaveirradiation™. Inyet an-
other attempt to study theroleof substituent at theole-
finic carbon of ylidinederivatives, weexplored there-
action of 3-carboethoxycyanomethylene-2H-indol-2-
ones(3) with 2- pyrrolidone (4). Roleof substituent at
indolering hasbeen observed earlier*®, but therole of
subgtituent at thedlifinic carbon of ylidinederivativeeg.,
wasnot studied.

Hence, asapart of our continuing interest onthe
synthesisof biodynamic heterocycles™® under conven-
tional heatingand microwaveirradiation, wehavenow
investigated thereaction of indole-2, 3-dione (1) with
ethylcyanoacetate (2) resulting in theformation of 3-
carboethoxycyanomethylene-2H-indol-2-ones (3). The
Michael reaction of (3) having an e ectron attracting
group on exomethylene carbonisinteresting asit can
afford either aMichael adduct (5’) whichcanexist as
such or converted into Spiro pyran system of oxindole
(SCHEME 1). Reaction of (3) with 2-pyrrolidone (4)
lead to the formation of 6’amino-1, 3-dihydro Spiro
[3Hindol-3, 4’(1’H)-pyrano (2,3-c) pyrrol] —2-oxo-
5’-carboxyethylester in support of the earlier reports
of theformation of spiroindolinesinthereaction of 3
with heterocyclic ketonesunder classical conditiong?.
Compound (3) hasbeen synthesized earlier under clas-
sical conditions by the Knoevenagel condensation of
indole-2, 3-dione (1) with ethyl cyanoacetate (2) inthe
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presenceof piperidine. Wehaveimproveditssynthesis
under microwaveirradiation without usng any catays,
whichyidd crysalineproduct of sufficient purity inen-
hanced yield with no need of further purification. En-
couraging resultshave been obtained using ethanol as
energy transfer mediumin the absenceof any cataly<.

One Spiro compound (5a) has a so been synthe-
Szed under microwaveirradiationusing neutral dumina
asinorganic solid support. Neutral aluminaefficiently
catayzed theMichagl condensationin dry mediaunder
microwaveirradiation. Moreover, areaction isfast,
procedureissmpleand havelow cost anditispossible
towork under ecofriendly mild neutral conditions. Few
compounds have also been screened for antifungal,
antitubercular and herbicidd activities.

EXPERIMENTAL

Chemicalsand apparatus

Chemicdswerepurchased fromAldrich, Hukaand
Merch Chemical Companies. Infrared spectrawerere-
corded on Perkin-Elmer (model-577) and Testscan
FTIR 8000 seriesin KBr pelletsand *H NMR on Jeol
(model Fx-90Q) using CDCI., at 89.55 MHz and on
Bruker WM-400 FTNMR spectrometer (400 MHz)
using TM Sasinternal reference. Melting pointswere
recorded in open capillary tubes and are uncorrected.
All thecompoundswerefound homogeneouson TLC
invarious solvent systems. Theinduced microwave
convection system has been used where microwaves

_CN
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TABLE 1: Physcal and analytical dataof 1,3-dihydro-3-car boethoxycyanomethylene-2H-indol-2-one(3a-¢) and 6’ amino-1, 3-
dihydro Spiro[3H-indol-3, 4’(1’H) pyrano [2,3-c] pyrrol]-2-0x0-5’-carboxyethylesters (5a-d)

Compd. X R Reaction Yield M.P. M olecular Analysis (%) carbon Analysis (% )nitrogen
no. time (%) (°O) formula found/calculated found/calculated
(39 H 4hrs 65 213 Ci3H1oN,05 64.50/64.46 11.04/11.57
(3b) 5-CH; 4hrs 636 210 Ci4H1oN,04 65.72/65.62 10.90/10.93
(3c) 5-Cl 4hrs 64 206  Cy3HoCIN,Os 56.09/56.41 9.58/10.14
(5a) H H 7.00 57.8 149-150 Cy;H37N30, 62.35/62.38 12.85/12.84
(5b) H CH; 9.00 59 155 CigH19N304 63.30/63.34 12.36/12.31
(5c) 5CH; H 12.00 55.2 229-230 CigH;9N30, 63.36/63.34 12.28/12.31
(5d) 5CH; CH; 1300 589 242 Ci1oH2N304 64.15/64.22 11.70/11.83

Compounds (3a-c) and (5a-d) were synthesized by conventional method. (3a) and (5a) have also been synthesized by microwave

irradiation method

aregenerated at afrequency of 2450 MHz. Theoven
hasaoutput range of 700 watts.

Synthesisof 6'-amino-1, 3-dihydro Spiro[3H-indol-
3,4 (1'H)-pyrano[2,3-c] pyrrol]-2-oxo-5'-car boxy
ethyl ester (5a)

Synthesisof the compound takesplacein two steps:

Synthesisof 1,3-dihydro-3-car boethoxycyano me-
thylene-2H-indol-2one (3a)

Thiscompound was synthesized by conventional
and microwaveirradiation methods.

Conventional method

The compound has been synthesized by literature
method?Y under classicd conditions. A solution of in-
dole-2, 3-dione (1a)(0.01mole, 1.47gm) and ethylcy
anoacetate (2)(0.01mole, 1.13gm) in absol ute ethanol
(30ml) containing piperidine (2-3drops) ascatayst was
refluxed for 3-4hours.After being chilled overnight, the
resulting solid wasfiltered, washed with cold ether and
recrystallised from ethanol. M.p.213°C; Yield 65%

Microwaveirradiation method

Equimolar mixtureof (1a) and (2) (2mmole) inmini-
mum quantity of ethanol required toformadurry con-
taining piperidine (1drop) wasirradiated intermittently
insideamicrowaveoven for aperiod of 4min. at 240
watts. Progressof thereaction wasmonitored by TLC.
Thesolid separated on cooling wasfiltered and recrys-
tallized from ethanol, m. p. 213°C; Yield 82.2%.

Synthesis of the compound (3a) hasa so been car-
ried out intheabsenceof piperidineby smilar procedure
in6min. at 240 watts. m.p. 213°C; Yield 68 % 3(b,c)
weresynthesi zed by conventiona methods. (TABLE 1).

Synthesisof spirocompound (5a)

Compound (5a) has been synthesized by conven-
@Wu'c CHEMISTRY —

tiona and microwaveirradiation methods. 5(b, ¢) have
been synthesized by conventiona methods.

Conventional method

A solution of 3-carboethoxycyanomethylene-2H-
indol-2-ones (0.01mole) and 2-pyrrolidone(0.01mole)
inabsol ute ethanol (40ml) containing 2-3 dropsof pip-
eridineas catalyst wasrefluxed for 7 hours. Thereac-
tion mixture was cooled to room temperature. After
keeping the mixture under refrigeration overnight, the
separated solid wasfiltered, dried and recrystallised
from benzene. (m.p. 150°C; Yield 57.8%)

Microwaveirradiation method

The compound (5a) was synthesized under micro-
waveirradiation in the absence of any solvent or cata-
lyst. 3-carboethoxycyanomethylene-2H-indol-2-ones
and 2-pyrrolidone (2mmol ) were separately dissolved
in minimum quantity of methanol and adsorbed on neu-
tral duminaandirradiated ingdeadomestic microwave
ovenfor gppropriatetime (8min.) at 480watts. Progress
of thereaction was monitored by TLC. Thereaction
product was extracted using methanol and the product
wasfurther recrystallized from methanol, (m.p.150°C;
Yield 65%).

RESULTSAND DISCUSSION

Thereactionof (3) with 2-pyrrolidone (4) afforded
(5) which displayed characteristic absorption bands at
33320 and 3240cm?,corresponding to the free asym-
metricand symmetric stretching dueto NH, group and
at 3260-3200,1730,1700 and 1184cm* correspond-
ingto NH gtretching, two >C=0’sand pyran ether link-
agerespectively (TABLE 2). The!HNMRspectradis-
played signalsat 66.92-8.00 (m, Ar-H), 57.7-7.9 (br,
s,NH,), 62.25 (t, CH,-CH,), 63.35-3.42 (t, CH-N),
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88.44(s, pyrrole NH), 68.53(s, indole NH), 61.17 (t,
CH,CH,) and 564.5 (9, CH,-CH,) ppm (TABLE 3).

Bioassay
Anti tubercular activity

TheAntitubercular screening was carried out by
the TuberculosisAntimicrobia Acquisition and coordi-
nating Facility (TAACF) inUSA. Primary screening of
the compounds have been conducted at 12.5ug/ml
against Mycobacterium tuberculum H37RV in
BACTEC 12B medium using BACTEC 460 Radio-
metric systeml??, Antitubercular activity detawerecom-
pared with standard drug Rifampin at 0.255ug/
ml concentration that showed 98% inhibition.

Antifungal activity

Antifunga activity wascarried out against patho-
genicfungusnamdy “Alternaria dternata’using‘Poi-
son Plate Technique”. It was carried out at Department
of Pathology, DurgapuraAgricultural Research station,
Jaipur.

The method employed was “Food Poison Tech-
nique®”, Theprincipleinvolved inthistechniqueisto
poison the nutrient medium with afungi toxicant and
then allowing atest fungusto grow on suchamedium.
Potato dextroseagar mediumis preparedin flasksand
derilized. Tothismedium, arequisitequantity of fungi-
cideisadded so asto get certain final concentration.
Themediumisthen poured into petriplates. A culture of
test fungusisgrown on PDA for 6-7 days. Small disc
(4mm) of thefungus cultureiscut with asterile cork
borer and abovetransferred aseptically, upside down
inthe center of petridishes containing themedium and

TABLE 2: IR spectral data of synthesized compounds
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fungicides. Suitable checksare kept wherethe culture
discsaregrown under same conditionson PDA con-
taining only acetone. The colony diameter, with check,
istaken asameasureof fungi toxicity. Thecompounds
synthesi zed were dissolved in acetone and were pre-
pared in 1000, 500 and 250 ppm concentrations. These
concentrationswerescreened against thefungusin three
triplicates by the above method. These pathogenswere
grown on potato dextrose agar medium inwhich de-
sired amount of test compoundswerepreviously in-
corporated in 1000 ppm and 500 ppm concentrations.
A suitable check of plain PDA with acetonewasmain-
tained. Plateswereinocul ated with the pathogensand
incubated at 25+1C for 6 days. Colony diameter was
measured and datawas satisticaly andyzed using com-
pletely randomized design and averages compared us-
ing critica differenceat 0.05% probability. Theamount
of growthinhibition wascal culated by the equation:

% Inhibition=C-T x 100/C

C = Diameter of fungus colony in control plate, T= diameter
of fungus colony in test plate

Herbicidal activity

Herbicidd activity wascarried out againgt Digitaria
sanguinalis Arabidopsisthdiana, BrowdliaAmericana,
Coleusblume benth, Petuniahybriden and tobaccum
Nicotiana Rustica. Seeds were planted into a sandy
loam soil and preemergencewith test chemicasdis-
solved inanon-phytotoxic solvent. At the sametime,
these crops and weed specieswere al so treated post
emergencewith test chemicals. Plantsrangedin height
from 2-18cm (oneto four leaf stage) for post emer-
gencetreatments. Treated plants and untreated con-
trolsweremaintainedinagreen housefor goproximeatdy

IR (cm) 11 daysafter which all specieswere compared to con-
Compd. Pyran  trolsandvisually evauatedforinjury.
no.  yNH, vNH vNH vC=0 vC=0 ether Compounds(3a), (3b) werescreened for antifun-
linkage  gd andantitubercular activity againg Alternariadternata
(58) 3380 3240 3040 1733 1700 1184  ong M. tubercul osisrespectively. Compounds (5a,b)
(Sb) 3320 3250 - 1730 1705 1184 reened for herbicidal activity against Digitaria
(50) 3390 3259 3091 1730 1700 1184 \Werescreen herbicidal ectivity against Digitar
(5d0 3380 3240 1733 1710 1184 sanguinalis, Arabidopsisthaliana, Browallia Ameri-
TABLE 3: 'H NMR spectral data of synthesized compounds
Compd. 'H NMR (8 ppm) CDCls
no. CH,CH; OCH,CH; CH,-CH, CH,N Ar-H NH, Pyrr0|e NH IndoleNH
(5a) 1.17(1) 4.50(q) 2.25(t) 3.35(t) 6.92-8.00(m, Ar-H) 7.7-7.9(br, s) 8.44(9) 8.53(9)
(5b)  116(t)  455()  2.24(1)  3.35(t) 6.90-8.00(m, Ar-H) 7.7-7.8(br, ) 8.57(9)
(5¢) 1.17(1) 4.50(q) 2.24(t) 3.35(t) 6.90-8.00(m, Ar-H) 7.7-7.9(br, s) 8.44(9) 8.53(9)
(5d) 1.17(t)  450(q)  2.25()  3.35(t)  6.92-8.00(m, Ar-H) 7.7-7.9(br, s) 8.57(s)
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cana, Coleus blumel benth, Petunia hybriden and
tobaccum Ni cotiana Rustica.None of the compounds
showed good activity against the pathogens.
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