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ABSTRACT

1, 3 dipolar cycloaddition reactions offer a versatile route for the synthesis of multi component heterocyclic
molecules. Solvent-free Claisen-Schmidt reactions of cycloalkanones with various substituted benzal dehydes (aryl
aldehydes) using solid NaOH (20 mol%) and applying a grinding technique is used to synthesize Quantitative yields
of a,d-bis-(substitutedbenzylidene) cycloalkanones. Using the same technique we could synthesi ze the corresponding
bis-benzylidene- and monobenzylideneacetone derivatives. The derivatives are then subjected to 1,3 dipolar
cycloaddition reaction with azomethine ylides to yield the corresponding dispiroheterocycles through a microwave
induced solvent free approach.

Key words: 1, 3 dipolar cycloaddition, Claisen-Schmidt reawti cycloalkanones, azomethine ylides,
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INTRODUCTION

Multicomponent reactions, especially those run wnsi@vent-free conditions, have been attracted e@msing
research interest from chemists in recent y¥afdlost of the organic reactions are conventionallgried out in
solvent media. However, to minimize the environraémollution caused by solvents, the chemists haeen
showing more concern for developing environmerarfdly synthetic procedures. This initiative, aideith the
recent development of new strategies in solid—sa@attions has prompted them to develop suffigevalluable
methodologies to achieve organic synthesis undeesbfree conditiort’”" Especially, multicomponent reactions
that provide poly-functionalized heterocyclic scédis in single operation and in stereo-specific nearare of great
importance in synthetic organic and medicinal clsmf®®

The Claisen-Schmidt reaction (crossed-aldol realtis a condensation reaction of aldehydes andoogtb
compounds leading t@-hydroxycarbonyl compounds and it has played anoitamt role in synthetic organic
chemistry>” Subsequent dehydration of tifiehydroxycarbonyl compounds affor@-alkylidene or a-arylidene
compounds. Although studies on the Claisen-Schmredttion have been focused on-alkylidene- anda -
arylidene-carbonyl compounds, interest i —bisalkylidene ando,6 -bisarylidene-carbonyl compounds is
increasing. Particularlyy,a bis-(substitutedbenzylidene)-cycloalkanones have laggacting much more attention,
not only due to their intriguing biological actiiés such as antiangiogerfi¢ quinine reductase inducEt arginine
methyltransferase inhibitor!, cytotoxicity ***3 cholesterol-lowering activity’’, uses in agrochemicals,
pharmaceuticals and perfum@sin bis-spiropyrrolidines'®*’, and as liquid crystalline polymer unifs but also as
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important precursors for the synthesis of pyriméditerivatives'®, 2,7-disubstituted troponé§ and they are the
synthetic intermediates of choice to functionatizec, p-position during the total synthesis of naturaldarcts such
as the cystodytin€. They have also been reported to possess drigjaese reversal properti&s=

Intermolecular cycloaddition reactions of azomethiglides with a,f-unsaturated ketones and acetylenic
dipolarophiles lead to a number of novel compouddsese compounds are very useful for the constmiabif
diverse chemical libraries of drug-like molecufésSpiro-oxindoles (Figure 1) exist in nature and tafsthem
exhibit significant biological activitf> A number of natural products having the skeletdnfumctionalized
pyrrolidines and oxindoléSpossesses well-defined biological properties sischlgcosidase inhibitory activity an
potent antiviral, antibacterial, antidiabetic, amticancer activity, and they also act as a patentpeptide inhibitor

of the p53-MDM2 interactiof’ Elacomine is a naturally occurring hemiterpenieospxindole alkaloid isolated
from the roots oflaeagnus commutate.?® The unsubstituted spiro-oxindole core of (—)-hiliref is an interesting
target and has been reported by many synthetiqpgfd€oerulescine was isolated in 1998 and its totatesis is
often reported together with that of horsfiline n8ospirooxindole-pyrrolidine derivatives are poignantileukemic
and anticonvulsant agents and possess antivirdiogatianesthetic activiti€S.The spirotryprostatins A and B were
isolated from the fermentation broth Adpergillus fumigatus and have been shown to inhibit completely the G2/M
progression of mammalian tsFT210 cells at concgatsin excess of 12.5 mg/nit?®
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MATERIALS AND METHODS

Refluxing a solution of (E)2, 5-bis-(Benzylidene) Cyclopentanor{@) in boiling aqueous methanol with
acenapthenequinonel)( and sarcosine2] afforded 1-N-Methyl-Spiro [2.2'] acenapthene-@mro[3.2"]5"-
BenzylideneCyclopentanone-4-Phenyl Pyrrolidide(Schemel, Table 1). The reaction gave a singiduat in all
cases as evidenced by thin layer chromatograph)TLhe reaction afforded a series of novel Speavétives
(4a-e through regioselective cycloaddition of azomethiylides with the exocyclic double bond of 2, 5-bis
(Benzylidene) Cyclopentanong) in all cases. No trace of the other regioisomes-¢§ was detected. The
cycloaddition proceeded smoothly to afford spe-endo cycloadduct. The regio and stereo chemical outoohtiee
cycloaddition was determined by spectrochemicalsangle crystal X-ray analysis.

RESULTS AND DISCUSSION

The IR spectral analysis of 1-N-Methyl-spiro [2.2%cenapthen-1'-one-spiro [3.2”"] -5"-Benzylidene
Cyclopentanone-4-Phenyl Pyrrolidinga) showed two carbonyl peaks at 1636 'crand 1744 cm which
correspond to the benzyl and acenaphthenequinabersa groups respectively. The! HNMR spectrum of the
cycloadduct in DMSO-d6 exhibited a singletéaR.25 which corresponds to N-Ghrotons. A doublet ai 1.91
corresponds to N-ChHproton. A multiplet ab 4.52 corresponds to benzylic proton. A doubleéi7a9 corresponds
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to benzylic proton. A multiplet frond 7.19-7.99 corresponds to 16 aromatic protons. &ied°C NMR showed a
signal at 4 66.52 and 80.11 due to the two spiro carbon atamd peaks at 205.67 and 207.94 correspond to

the cyclopentanone and acenaphthenequinone cargomyps respectively. The mass spectrum of thepoomd
shows a peak at m/z 469.11(Mvhich corresponds to the molecular weight ofdbmpound.
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Scheme 2 .Mechanism of azomethine ylide formation
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ORTEP diagram of 1-N-methyl-spiro[2.2’] acenapthenl’-one-spiro [3.2”]-5"-Benzelizene Cyclopentanone
4-Phenyl Pyrrolidine.

Spiro-compound 4a 92% yield, mp 150-155°C. IR (KBr ): 1686, 1744 tmH-NMR (CDCL/500 MHz)&: 1.390
(2H, m, -CH); 8 1.912,5 2.076(2H, m,-N-CH); 5 2.253(3H, s, N-Ch); & 3.544,5 4.039 (2H, m, -Ch); 5 3.585
(1H, m,-CH); & 7.093(1H, s, Ar-CH=)3 7.198 — 7.996 (16H, m, Ar-H}*C NMR (CDCE/400 MHz): & 34.64,
44.01, 55.78, 56.93, 66.52, 80.11, 108.80, 117178,38, 126.93, 127.33, 128.50, 129.06, 129.44,114155.91,
205.67, 207.94 ESI-MS m/z: 469.11 calcd. fasHzgNO,:469.55.

Spiro-compound 4b:94% yield, mp120-124°C. IR (KBr ): 1678, 1732, 3a56"; 1H-NMR (CDCk) &: 1.390 (2H,
m, -CHp); 5 1.912,5 2.076(2H, m,-N-Ch); 5 2.253(3H, s, N-Ch); 5 3.544,5 4.039 (2H, m, -Ch); & 3.585 (1H, m,-
CH); & 5.05 (1H,m,-Ar -OH) 3 7.093(1H, s, Ar-CH=)p 7.198 — 7.996 (15H, m, Ar-H}°C NMR (CDCk/500
MHz): & 34.64, 44.01, 55.78, 56.93, 66.70, 80.05, 108180,75, 124.38, 126.93, 127.33, 128.50, 129.06,4129
141.11, 155.91, 158.35, 205.67,207.94 ESI-MS 602:19 calcd. for §H,-NO,: 501.19

Spiro-compound 4c:94% yield, mp 120-124°C. IR (KBr ): 1678, 1732, 80dm’; 1H-NMR (CDCk) &: 1.390
(2H, m, -CH); 8 1.912,5 2.076(2H, m,-N-Ch); & 2.253(3H, s, N-Ch); & 3.544,5 4.039 (2H, m, -Ch); & 3.585
(1H, m,-CH); & 5.05 (1H,m,-Ar -OH) 8 7.093(1H, s, Ar-CH=)3 7.277 — 7.954 (15H, m, Ar-H}3C NMR
(CDCL/500 MHz): & 34.64, 44.01, 55.78, 56.93, 66.70, 80.05, 108140,75, 124.38, 126.93, 127.33, 128.50,
129.06, 129.44, 141.11, 155.91, 158.35, 205.679207ESI-MS m/z: 501.19 calcd. fogl,NO,: 501.22

Spiro-compound 4d:96% yield, mp 118-122°C. IR (KBr ): 1676, 1730 t&mH-NMR (CDCE) &: 1.389 (2H, m, -
CH,); 8 1.967,86 2.076(2H, m,-N-Ch); & 2.253(3H, s, N-Ch); 5 3.556,5 4.054 (2H, m, -Ch); & 3.585 (1H, m,-
CH); & 7.093(1H, s, Ar-CH=)3 7.155 — 7.967 (15H, m, Ar-H)’C NMR (CDCL/500 MHz):5 34.64, 44.01, 55.78,
56.93, 66.70, 80.05, 108.80, 117.75, 124.38, 126123.33, 128.50, 129.06, 129.44, 131.55, 133.64,.11,
155.91, 205.67,207.94 ESI-MS m/z: 537.13 cdimdCs3H,5CILNO,: 538.46

Spiro-compound 4e:90% yield, mp 130-132°C. IR (KBr ): 1670, 1730 tmH-NMR (CDCE) &: 1.390 (2H, m, -
CH,); 6 1.912,5 2.076 (2H, m,-N-CH); 6 2.221(3H, s, N-Ck); & 3.544,5 4.039 (2H, m, -Chk); & 3.585 (1H, m,-
CH); & 7.093(1H, s, Ar-CH=)p 7.277 — 7.954 (15H, m, Ar-H)’C NMR (CDCL/500 MHz):5 34.64, 44.01, 55.78,
56.93, 66.70, 80.05, 108.80, 117.75, 124.38, 126193.33, 128.50, 129.06, 129.44, 141.11, 145.85, B4 ,

155.91, 205.67,207.94 ESI-MS m/z: 559.17 calodChsHosN30g: 559.57

As a part of our ongoing research program, we lathesized the above mentioned compounds undeerstdlree
conditions using microwave. For the above synthesishad used the conventional household microwaea at
60w power and the solid support was silica gel kkh@ montmorinollite. The reaction was monitoredngsTLC at
regular interval and in all case it was ascertaitied only one product was forms in a regioselecthanner. The
microwave synthesis gave better yield in all theesaand the reaction proceeded without any solneatgreener
manner.
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Table 2 : Synthesis of spirohetrocycles using convéonal and solvent free condition

Conventional Micrpwave Microw_ave
Compound | R, R, | MeOH/reflux 4hrs (10 mln)_ /Klp (1.0 min)
Yield (%) mont_mor|llon|te S_|Ica gel
Yield (%) Yield (%)
4a H H 62 83 71
4b OH H 70 85 74
4c H OH 72 84 76
4d H Cl 75 89 88
de H | NQ 78 92 94

The synthesized compounds were subjected to ateiticactivity and the results are promising. Amitirobial

analysis was followed using standard agar welludifin method to study the antimicrobial activity mepared
compounds (Pereet al., 1990; Erdemoglet al., 2003; Bagamboulat al., 2004). Antimicrobial activity was
evaluated by measuring the diameter of the zonmabition in mm against the test microorganismsl dahe

solvent. DMSO was used as solvent control. Cipsaitin was used as reference antibacterial ageettddts were
carried out in triplicates.

Table 3: Antibacterial activity of Spiroheterocycle (4a) : (-zone inhibition in mm)

MICRO Conc_ent_ralt_ion _in ppm/zone | Streptomycin
S.NO ORGANISMS inhibition in mm (Control)
100 | 200 | 300| 400 -
1. Micrococcus luteus 8 9 10 11 6
2. Enterobacter agerogens 6 8 9 10 6
3. Salmonella enterica typhimorium 8 9 10 11 6
4. Eubacterium lentum 6 7 8 9 6
CONCLUSION

We here in report a highly regioselective and atmanomic green synthesis of dispiroheterocyclesuthin 1,3—
dipolar cycloaddition of azomethine ylides geneadatierough decarboxylative route using Acenaphtham®ne
and sarcosine with Claisen —Schmidt adducts froohopgntanone and aldehydes. The reactions in séiscgave a
single product in a highly regioselective mannére Synthesized compound were characterized us$inyMR, **C
NMR , IR and mass and the results are present Bangle crystal XRD was used to ascertain the stdremical
outcome of the regioselective product. The compsumere also subjected to biological activity ane tasults are
promising. The present synthesis had envisagedvaodgte for the synthesis of chalcones which atemqal anti
cancer agents as reported in the literature.
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