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ABSTRACT

Solvent free synthesis of 3-Aryl-1-(2-aryl-1H-indol -3-yl)prop-2-en-1-one has been successfully accomplished in high
yields and lesser time by using green chemistry techniques(Grindstone chemistry and microwave irradiation). 3-
Acetyl-2-phenyl indoles on treatment with either acidic or basic catalyst generate the corresponding enol ates which
reacts with aryl aldehydes affording the desired title products. All the synthesized compounds have been
characterized by elemental analyses and spectral data (IR*HNMR and Mass). They have also been screened for
their antibacterial and anti spermicidal activities and some of them have shown promising results against
Staphyl ococcus aureus, Escherichia coli, Pseudomonas aeruginosa.
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INTRODUCTION

Isoxazoles were reported for their various biolabictivities such as antimicrobial, anti-inflamgt[1-3]. The
reactive intermediate chalcones involved in thgintisesis also exhibit wide range of these actisifi¢-6]. The
ability of indole to exhibit anti-inflammatory, amnticrobial, antifungal activities [7-9] promptedethselection of
indole as starting compound. In the light of theseperties, it is interesting to synthesize some medole-
isoxazole derivatives and to evaluate their antdrédad and antispermicidal activities. 2-Aryl-1Heioles were
subjected to acetylation with acetyl chloride il acetic acid to give 3-Acetyl-2-aryl-1H-indslevhich on
claisen schimdt reaction with substituted benzaldeb gave desired 3- Aryl-1-(2-aryl-1H-indol-3-yjep-2-ene -
1-ones 4(a-j). Chalcones were condensed with hydiramine hydrochloride in presence of sodium aeetaid
glacial acetic acid to obtain isoxazoles 5(a-j).eT$ynthetic sequence leading to the formation ofetad
compounds is depicted in scheme-1.

Fluorinated and poly fluoro substituted chalcones known to act as antineoplastic agents[10]. Usfdpl
condensation reactions of chalcones many importamipounds have been synthesized in synthetic m@mrgan
chemistry[11-13]. These reactions can be carrietl uing many elegant synthetic procedures. Conveati
methods are usually noxious and results in thegion of significant quantities of waste contagimetal salts
such as Li salts [14]. So we have designed varstiaegies for the synthesis of 3-aryl-1-(2-aryHhdol-3-yl)-
prop2-ene-1-one and assessed the efficiency od thegthetic routes. In order to make a comparativdy we have
used conventional and solvent free synthesis metl{@indstone chemistry and Microwave irradiati@and
inexpensive catalyst like KSF and Mg(Hg%Oare used to obtain target molecules. All the sysited compounds
were screened for their antibacterial and antisprédiad activities.
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In the present work grindstone technique was ussttime for the synthesis of titled compoundsisTimethod is
superior since it is ecofriendly, high yieldinggtéres no special apparatus, non hazardous, siamgleconvenient.
The significance of this approach is that chalcome be obtained by grinding with dramatic improvatria yield
[15]].further the work up process is also simptifisince there is no involvement of any volatileasig solvent to
be removed but only requires pouring and washingater.

Another solvent free popular technique is microwabemistry [16] since microwave irradiation leadsrate
enhancement, product selectivity and less by priodantamination. Supported reagents such as clégiesitly
induce reactions under safe and simple conditioitis domestic microwave oven instead of specialiegpensive
commercial microwave systems. In grinding methodhaee used Mg(HS£), as catalyst. Grinding together of 3-
Acetyl-2-aryl-1H-indole, arylaldehyde and catalygimount of montmorilonite KSF clay yielded no dediproduct.
Therefore the mixture was irradiated in a microwaven which resulted in the formation of chalcoimegood
yield.

Montmorillonite KSF showed catalytic activity fohalcone synthesis and has many advantages ovéystatike
NaOH, KOH such as ease of handling, low cost aidimhtion of metal wastes. In addition the catalyah be
utilized upto three cycles.

EXPERIMENTAL SECTION

General information-

Melting points were determined in open capillagesl are uncorrected. All solvents were then putifiecording to
standard procedures. THENMR spectra were recorded at JEOL AL 300MHz FTNNMR&trument,v in cm™.
Chemical shifts were calibrated to tetramethylslas an external reference. Coupling constantgieea in hertz.
The following abbreviations are used to indicate thultiplicity: s, singlet; d, doublet; t, tripletn, multiplet.IR
spectra (cril) were recorded on FTIR Nicolet Magna 550 and SHima8400s spectrophotometer in KBr disc and
noteworthy absorptions levels (&n were listed. Mass spectra were determined by JESX-102
spectrophotometer. TLC using silica gel G as adsgdrishecked the purity of the compounds, UV lighiaaline
accomplished visualization. The reactions werei@arout in a domestic microwave oven (Samsung MO1EAV
1610 W with maximum 600W Power).

Synthesis of 2-aryl indole:-

The mixture of substituted acetophenones (10mna)nenyl hydrazine of 1.08 gm (10mmol) heated &60e80
min. over water bath. Then we cooled it at roompgerature and filtered. The cold mixture was washéd dil.

HCI followed by about 12 ml of cold rectified spirA small portion of mixture was recrystalliseddgoure 4-fluoro
aceto phenyl hydrazone as dark yellow crystal wabtained. Thus obtained hydrazone was cyclised RRA
(polyphosphoric acid, 10mmol) on an oil bath at-180°C temperature maintained about 1-10 min. Thenlirgd
in the ice water (crushed ice), filtered and waslvil water for five times (in Bruckner funnel) crgstallised from
ethanol and pet ether.

Synthesis of 3-Acetyl-2-aryl-1H-indole:-

A mixture of 2-fluoro aryl indole (5gm), glacial etic acid (5ml) and acetyl chloride (150ml) waduréd for 24 hr.
Excess acetyl chloride and acetic acid were remanedhcco, the resultant product was poured intéewvand
filtered. The solid mass was dissolved in ethaBbh{l) and sodium hydroxide solution (2N,10 ml) wstirring and
heating on a water bath. The resultant solution diaged with water and filtered off. The residuslid was
recrystallised from ethanol and gave a single spot TLC. The 3-acetyl-2-(fluoroaryl) indoles haveehe
characterized by 2,4-dinitro phenyl hydrazones.

Synthesis of 3-Aryl-1-(2-aryl-1H-indol-3-yl)prop-@a-1-ones 4(a-j):-

Method (i)- Solvent free Grindstone method-

A mixture of 3-acetyl-2-aryl-1H-indoles (3mmol) aib(HSQ,), (0.04gm) was grinded together in a mortar using
a pestle to generate yellow colored enolate. Thighaddehydes (3mmol) was added to it and grindingtinued
further to give orange red colored tacky solid with0-20 minutes. The reaction proceeds exothetiyioalicated

by rise in temperature (5-i0). After the reaction was complete (when no stgrthaterial was detectable by TLC
analysis) CHCI, was added, the mixture was filtered over sintegleds funnel and residue washed several times
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with CH,Cl,. The filtrate was concentrated and the solid thistsined was purified by recrystallisation fromygth
alcohol to afford pure desired compound 4(a-j) elloyw needles.

Scheme-1
| | CH,COCl cochy
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Compound-1 Compound-2

Aldehyde

Method
CHO G Yo i /i
Compound-3
LA O
O
Compound-4

NH,OH.HCI

Glacial acetic acidl

C,Hs0OH
X=4-H,4-Cl,4-Br,4-F,2-OH,3-OH,2,4-ClI / \

4-OCH i Y
Y=4-OCH,;,4-Cl ,4-Br,4-F,2-OH | | 'e)
Method
(i) Grindstone/ RT-Mg(HSQ), N X
(i) Microwave Irradiation-KSF
(iii) Conventional-NaOH/EtOH
Compound-5

2099



Sharda Sharmaet al J. Chem. Pharm. Res,, 2014, 6(7): 2097-2104

Method (ii)-Microwave-assisted solvent free method-

3-acetyl-2-aryl-1H-indoles (3mmol), Aryl aldehyd&nfmol) and montmorillonite KSF (0.4gm) were thorblyg
mixed in a pestle mortar. This mixture was themsfarred into a conical flask (1008mand irradiated with
microwave for 60-190 seconds at 800 watts. After tbaction was complete (indicated by absence aufirsg
material in TLC;(GHgs:EtOAC:: 95:5). 95% ethanol was added and the mextwas filtered. The filtrate was
concentrated in vacco and then the crude produobtined was recrystallised from ethanol to affoude needles
of desired compound. The catalyst left as residuand filtration 2-3 times with hot ethanol andettiin vaccum for
reuse.

Method(iii)-Conventional method-

3-Acetyl-2-aryl-1H-indoles (3mmol) and substituteyl aldehydes (3mmol) were dissolved in minimunoant of
ethanol(25ml) and then stirred at room temperatoirebout 5 minutes. Sufficient 2N NaOH solutio®if) was
added to it, to render the stirred solution all@lamd the whole mixture was further stirred forwhwalf an hour.
This was then neutralized with 2N HCI (3ml) dilutedith water and left overnight. The precipitatedlclone was
filtered, washed well with water and recrystalligemm ethanol.

3-(2-Aryl indole)-5-(substituted phenyl)-isoxazoe@-j)-

Anhydrous sodium acetate (0.73gm, 0.01mol)was Hisdoin a little amount of hot glacial acetic actd, that
ethanolic (10ml) solution of hydroxylamine hydroatitle (0.7gm,0.01mol) was added. The mixture wadezband
added to the solution of chalcone and then reflire®-10 hrs. The mixture was concentrated andrakzed with
NaOH solution. The product thus isolated was reaflysed from ethanol.

Table-1: Physical and analytical data’s of 3-Aryl-1(2-aryl-1H-indole-3yl) prop-2-en-1-ones 4(a-j)

Molecular Molecular Melting Elemental a”a'{SiS
Compounds X Y Formula Weight Point (°C) l;ound (cHalcd) ﬁ
4z 4-H 4-OCHs CaaHicNO, 352 9C 81.f | 5.3t | 3.9¢
4b 4-Cl 4-Cl GsHisNOCl 396 80 69.6| 3.78 3.58
4c 4-Br 4-Br GsH1sNOBr, 485 115 56.9| 3.09 2.88
4d 4-F 4-F GsH1sNOF, 363 100 76.03 4.13 3.8p
de 2-OH 2-OH GH1:NOs 355 70 77.74 478 3.94
Af 3-OH 2-OH CoH1:NOs 35E 80 77.7¢ | 4.7¢ | 3.94
4g 2,4Cl 4-Cl CpH1sNOCl, 426.5 95 64.7 | 3.2¢ | 3.2¢
4h 2,4-Cl | 4-OCH | CpHisNOCly 422 100 68.24 4.02 331
4i 4-OCH; | 4-OCH CosH2INOs 371 120 77620 566 3.77
4j 4-OCH 4-F GyH1sNOF 359 110 76.84 5.01 3.89
Table-2: Physical and analytical data’s of 3-(2-aryindole)-5-(substituted phenyl) isoxazoles 5(a-j)
Molecular Molecular Melting Elemental analysis
Compounds X Y ) o Found (calcd) %
Formula Weight point (°C) C H N
5a 4-H 4-0OCH CaaH1eN2O, 366 153 78.68 491 7.6b
5b 4-Cl 4-Cl GsH14N,OCh 405 120 68.14 34% 6901
5c 4-Br 4-Br G3H1.N,OBr, 494 135 55.87 2.83 5.6p
5d 4-F 4-F GH14N,OF, 372 115 7419 367 7.5p
5¢ 2-OH 2-OH Cy3H1eN-05 36¢& 11C 75 4.3 7.€
5f 3-OH 2-OH G3H1eN203 368 115 75 4.34 7.6|
5g 2,4-Cl 4-Cl GsH13N0Ck 439.5 125 62.79 295 6.37
5h 2,4-Cl | 4-OCH | CyH1gNoO.Cl, 435 135 66.2| 3.671 6.48
5i 4-OCH; | 4-OCH; CosHocN203 396 150 75.75 5.0% 7.0f
5j 4-OCH 4-F GaH17N,OF 384 145 75 4432 7.29

Biological Activities-

Spermicidal activity-

Sperm motility scheme was followed to see the eéffefc chemicals. Compounds 5(a-j) were evaluated for
spermicidal activities, briefly the motility of spes was observed under 40x magnification of motigital
microscope with image processing software and CGIBred camera attached to a computer assemblyciella
counting chamber. While observing the motility y25olution (compound + alcohol) was added to2bgl semen
and it was observed that addition of compoundsetmen produces a reduction of sperm motility in Hittle
spermatozoa; which was dose and time dependentO®ppm concentration of compound 5h, HF cattle raper
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motility was reduced to 25% in 2.5 min. Compoundabd.00ppm inhibited motility to 30% in 3 min. Aft8 and
2.5 min. sperm motility was reduced to 35% by coumub5d,5i and 5j respectively. Whereas compoundsba,
5¢,5e,5f compounds reduces the motility to 50%.53min. at 100ppm concentration only. The resudtge been

summarized in table and shown by graph. (figrure-1)

Table-3: Spectral data’s of 3-(2-aryl indole)-5-(shstituted phenyl) isoxazoles 5(a-j)

Antibacterial Activity-

All the synthesized compounds were evaluated iro \fitr antibacterial activity by using filter papdisc method
[19-26] against different strains of bacteria \taphylococcusureus, Escherichiaoli, Pseudomonaaer uginosa.
All the compounds test along with standard antdsdat Ibuprofen were used at 200,400,600,800ppm

concentrations.

Procedure: Solution of known concentrations (200,800,800ppm) of the test samples were made byldisg in
DMF. Dried and sterilized filter paper discs (6mmdiameter) soaked with known amount of test agerse
placed on the nutrient agar media solidified inrigethes (120mm in diameter) and incubated with thst
organisms. These plates were then kept at temperé8’C) for 18 hours to allow maximum growth of the
organisms. The antibacterial activity was determhibg measuring the average diameter of zone obitidm in

mm. (figure-2)
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Compounds IRvmax (cm?) (KBr) 1HNMR & (ppm) (CDCly) Mass (m/z) (M)
5a 3220 (-N-H), 1600 (>C=N),124() 6.00 (s,1H,Ilsoxazole ring proton) 365
(C-O-N), 3030 (=CH str 7.41-7.68 (m,8H,Aro.), 11.06 (s,1H-H)
50 3225 (-N-H), 1615 (>C=N),1245% 6.18 (s,1H,lsoxazole ring protor)) 404
(C-O-N), 3020 (=CH str.) 7.31-7.80 (m,8H,Aro.), 11.02 (s,1H,N-H)
5c 3218 (-N-H), 1605 (>C=N),123() 6.05 (s,1H,Ilsoxazole ring proton) 493
(C-O-N), 3035 (=CH str.) 7.40-7.98 (m,8H,Aro.), 11.10 (s,1H,N-H)
54 3230 (-N-H), 1610 (>C=N),122(0 6.12 (s,1H,Ilsoxazole ring proton) 371
(C-0O-N), 3025 (=CH str.) 7.32-7.78 (m,8H,Aro0.), 11.16 (s,1H,N-H)
5e 3228 (-N-H), 1610 (>C=N),1236 6.10 (s,1H,lsoxazole ring protor) 367
(C-O-N), 3028 (=CH str. 7.21-7.87 (m,8H,Aro.), 11.08 (s,1H-H)
5f 3210 (-N-H), 1620 (>C=N),1235% 6.06 (s,1H,lsoxazole ring protor) 367
(C-O-N), 3015 (=CH str.) 7.34-7.98 (m,8H,Aro.), 11.03 (s,1H,N-H)
5g 3224 (-N-H), 1608 (>C=N),1245% 6.08 (s,1H,lsoxazole ring protor) 4385
(C-O-N), 3010 (=CH str.) 7.21-7.70 (m,8H,Aro0.), 11.16 (s,1H,N-H) )
5h 3226 (-N-H), 1620 (>C=N),1220 6.10 (s,1H,lsoxazole ring protor) 434
(C-O-N), 3025 (=CH str.) 7.31-7.90 (m,8H,Aro.), 11.09 (s,1H,N-H)
5i 3236 (-N-H), 1615 (>C=N),1238 6.02 (s,1H,Ilsoxazole ring proton) 395
(C-O-N), 3038 (=CH str.) 7.45-8.08 (m,8H,Aro.), 11.05 (s,1H,N-H)
5i 3215 (-N-H), 1606 (>C=N),1232 6.00 (s,1H,lsoxazole ring protor) 283
(C-0O-N), 3020 (=CH str.) 7.11-7.79 (m,8H,Aro.), 11.09 (s,1H,N-H)
Table-4
Compounds | Dose (ppm)| Motility reduced (%) | Time Base
5a 100 50 5.0 Alcoho
5b 100 40 4.5 Alcoho
5c 100 40 35 Alcoho
5d 100 35 3.0 | Alcoho
5e 100 40 4.0 Alcoho
5f 100 45 4.0 | Alcohol
59 100 30 3.0 | Alcoho
5h 100 25 25 Alcoho
5i 100 35 3.0 | Alcohol
5j 100 35 25 | Alcohol
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1 Figl:Antispermicidal Activity of iso oxazoles
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RESULTS AND DISCUSSION

The synthesis of the target compounds was accamepliaccording to the reaction sequences illustiatedheme -
1. As visualized, the reaction proceeded smoothmigugh solvent free methods and the chalcones wletaned
excellent yields (82-92%) within a few minutes @&+in.)

Grinding together the solid aldehydes and ketorid®owt addition of catalyst reveals an interesphgnomenon, in
some cases a liquid melt is observed while in atliee solid reagents remained as discrete crystgbhases [17].
More important, upon addition of the solid catalgistise in temperature (5-X0) is observed and the reaction is
only observed in those systems that exhibit a plchsmge to a melt. Thus, the existence of a liguidse is a
prerequisite for reaction in these systems. Iofthe cases where reaction is observed, the nebalidifies as the
solid dehydration product separates from the nheltase of KSF, the reaction mixture was irradigftad60-190
seconds in a domestic microwave oven. The assigrédcular structure of all indolyl chalcone 4(axjgre based
on spectroscopic analysis ((RNMR and MS) and elemental analysis data.

In the IR spectra of 2-aryl-1H-indoles, N-H stratghabsorption appears as a strong absorption fvand 3470-
3420 cn. The strong absorption band in the range 1275-I20bhas been attributed to Ar-F stretching modes.
The C-N frequencies have been assigned to the 9280em’ region. In 3-Acetyl indole derivatives the N-H
stretching band is shifted towards lower wave nusi§8375-3125 cif) due to the presence of >C=0 group at
position 3 of the indole ring. >C=0 absorption basdobserved downfield between 1620-1605"ctue to
conjugation of >C=0 with the indole ring. One oétbpecial features of the aceylated indoles iotoeirrence of
two broad strong peaks in the N-H stretching regibmis may be due to the intermolecular hydrogendity
between the N-H group of one molecule and the >@rdDp of second molecule [18].

In the IR spectra of 4(a-j) >N-H absorption apgess a broad band from 3375-3200

cm-'. Characteristic absorption due to >C=0 group appigathe range of 1625-1605 ¢nirhis downfield shift is
due to conjugation of the carbonyl group with thefioic double bond and aryl groups, which restits
delocalization of the electrons of carbonyl grougirgy ionic resonance structures. The olefinic deubond
(>C=C<) appears between 1600-1594'cm

In 'NHMR spectra of 2-aryl-1H-indole, methine protorCa8 position of indole moiety shows a resonangealiat

8 6.4 ppm and N-H resonance signal is observedeimeions 7.8-8.2 ppm as a broad singlet. Aromatic protaes a
observed as multiplet fro®6.8-7.7 ppm. In 3-acetyl-2-aryl-1H-indole resonasgnal due to methine proton at C-
3 disappears and a singlet due to;Qioton appears in the region2.1-2.3 ppm. Aromatic and N-H resonance
signals remains unaltered. THéHMR spectra of 4(a-j) exhibit a complex splittipgttern. The two olefinic protons
constitute an AB system and appear as a pair dbldguhe downfield doublet in the regién7.30-7.63ppm with
coupling constant J=8.1-8.4 Hz due to —CH=CH-pratad the doublet in the regiéon6.97-7.1ppm with coupling
constant J=8..1-8.4 Hz due to —CO-CH= proton. Bhigsng downfield shift of these two protons is doextended
conjugation with aromatic protons. High value ofipting constant suggests trans geometry acrosdathigle bond.
Aromatic protons appear as a complex multiplethia tegions 6.7-7.6 ppm. N-H resonance signal appears as a
broad singlet frond 8.0-8.4 ppm. The IR antHNMR data of 3-Aryl-1-(2-aryl-1H-indole-3yl) prop-&n-1-ones are
summarized in table-1.

It has been reported thaf3-unsaturated ketone which are attractive due tw #iectrophillic properties can react
with nitrogenous bases to give the correspondingaigoles. Thus a series of isoxazoline derivatb@sj) were
obtained by treating chalcones with hydroxylamigdrbchloride in ethanol in the presence of catalgtinount of
glacial acetic acid. To accelerate the reaction smémnprove the yield of products, the microwaveadiation
technique was applied. The microwave-assisted iogadh solvent and catalyst-free environment proege
efficiently and completed within 6-14 min. with etient yield of products (76-89%).

In their IR (cm?) spectral studies characteristic absorptions heemed in region 3210-3236 due to(-NH-) group,
1600-1620 due to (>C=N) group, 1220-1245 (C-O-Nj a815-3035 cni-due to =CH.

In '"HNMR spectra of 5(a-j)s 6.00(s,1H, isoxazole ring proton), 7.41-7.68(maHmatic protons), 11.06 (s, 1H,N-
H).
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CONCLUSION

We developed an easier, facile and practically earent green methodology for the synthesis of iyiddbalcones
and isoxazoles. The notable merits offered by théthodology are mild reaction conditions, simplegedure,
short reaction time and excellent yield of the pad.

Compounds with electron releasing groups such ahaxg, hydroxyl exhibit better antibacterial actwithan

others not having such groups. Compounds havingyd@phores such as chloro, dichloro and fluoragsdave
exhibited more activity on all the three bactehart the others. The results suggests that the afedaderivatives
have excellent scope for further development asneeroial antimicrobial agents. Further experimentgserneeded
to elucidate their mechanism of action.
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