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ABSTRACT

Thiophene nucleus has been established as the potential entity in the largely growing chemical world of heterocyclic
compounds possessing promising pharmacological characteristics. A series of tetrahydr obenzothiophene derivatives
was synthesi zed with an objective to develop novel and potent antimicrobial agents of synthetic origin. The required
starting material ethyl-2-amino-4,5,6,7-tetrahydro-1-benzothiophene-3-carboxylate(1) was synthesized via a
multicomponent condensation between sulphur, cyclohexanone and ethylcyanoacetate adopting Gewald Reaction.
The Compound 1 was converted into respective Schiff bases (RBA;- RBA,) by refluxing it with various aromatic
aldehydes in dioxane for 15 hours. The Schiff bases were further processed into the final compounds i.e.
thiazolidinone derivatives (RSB;- RSB,) by treating them with thioglycollic acid in presence of anhydrous ZnCl, in
DMF and refluxing the reaction mixture for 4- 5 hours. Synthesized compounds were purified, characterized and
evaluated for their antimicrobial activity. Most of the compounds exhibited moderate to significant activities.
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INTRODUCTION

Substituted thiophenes and their biheterocycle® mageived considerable attention during last tecades as they
are endowed with wide range of therapeutic pragertA number of thiophene derivatives and Schiffelsahave
been reported to possess significant and diverdedical activities such as antimicrobial [1], agesdic [2], anti-
inflammatory [3], antioxidant [4], antitumor [5] ednlocal anesthetic [6] activities. Thiophene canflised with
various heterocyclic nuclei giving rise to newer mpwunds having enhanced biological activities.
Thienopyrimidines occupy special position amongséhecompounds. Many of these derivatives exhibited
antiallergic [7], antibacterial [8], antidepressdai®, antidiabetic [10], analgesic and anti-inflamtory [11]
activities. In continuation to these efforts andhwan objective to develop novel and potent tharipeagents

of synthetic origin, it was decided to synthesizrtain tetrahydrobenzothiophene derivatives anduate them

for their antimicrobial potential.

MATERIALSAND METHODS
Melting points were measured using Kshitij Innowati apparatus in open capillaries and are uncededthe

purity of the compounds was checked by TLC on &iliel G plates using ethyl acetate: n- hexane EoRent
system and iodine vapours as a visualizing agéhtsgectra were recorded using KBr pellets on a Stim
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Affinity-1 FTIR spectrophotometerrH- NMR spectra were recorded on a Bruker Advance gflectrometer at
400.13 MHz using CDGlsolvent and TMS as internal standard. Chemicétissiere expressed ippm unit.

Synthesis of ethyl-2-amino-4,5,6,7-tetrahydr o-1-benzothiophene-3-car boxylate (1)

Sulphur (0.06mole) was added to a mixture of effamoacetate (0.05mole) and cyclohexanone (0.05mblEom
temperature with stirring. Diethylamine (0.05moleas added to this heterogeneous mixture and thetioaa
mixture was stirred at 45°C for 2 hours. Completidreaction was monitored using TLC and mixtureskapt
overnight at room temperature. The precipitate filkesed, washed, dried and recrystallized fromaeiti.

Synthesis of Schiff bases (RBA-RBAy)

Equimolar quantities of Compound 1 (0.1mole) anthbly chosen substituted aldehydes (0.1mole) wespended

in 100ml dioxane and the mixture was refluxed féfr1b hours. Reaction was monitored by TLC and thxure
was cooled and poured into crushed ice. Solid tbbtined was filtered, washed with water, dried and
recrystallized from ethanol.

Synthesis of thiazolidinones (RSB;- RSB,)

Equimolar mixture of Schiff base (0.1mole) and ghjeollic acid (0.1mole) were suspended in DMF (60m
Catalytic amount of zinc chloride (1g) was added tnd the mixture was refluxed for 4 hours. Migwvas cooled
and poured into crushed ice. Solid thus obtaines filkered, washed, dried and recrystallized frahaeol.

Chemistry

IR, *H-NMR and elemental analysis were consistent withassigned structure.

Ethyl 2-[2-(2-hydroxyphenyl)- 4- oxo- 1,3- thiazolidin-3-yl]- 4,5,6,7- tetrahydro- 1-benzothiophene-3-
carboxylate (RSB,): Yield: 68.75%; Melting Point: 115°C; IR (KBr, chr 2846(C-H str.), 1590(C=C str.),
1282C-O str.), 3083(Ar-H str.), 1378(C-N str.), 778(Cs8.), 1646(C=0 str.), 3297(0-H str:iINMR(CDCl,,
dppm): 1.408-1.444(t, 3H, OGEH3), 1.754-1.803(m, 4H, £and G), 2.503-2.518(d, 2H, £, 2.719-2.734(d, 2H,
C,), 3.424(s, 2H, CHof thiazolidine), 4.249-4.302(q, 2H, O@EHs), 5.455(s, 1H, OH), 5.957(s, 1H, N-CH),
6.920-7.049(m, 4H, Ar-H); Anal. Calcd. forgH,1NO,S,: C(59.53), H(5.25), N(3.47), O(15.86), S(15.8Yurid:
C(58.90), H(6.30), N(4.00), O(15.60), S(15.20); Maf.: 403.

Ethyl 2-[2-(4-methoxyphenyl)- 4- oxo- 1,3- thiazolidin- 3-yl]- 4,5,6,7- tetrahydro- 1-benzothiophene-3-
carboxylate (RSB,): Yield: 70.5%; Melting Point: 120°C; IR (KBr, ch): 2846(C-H str.), 128Z-0 str.), 3084(Ar-
CH str.), 1349(C-N str.), 778(C-S str.), 1646(C=©)s1145(C-O str. in C-O-C):*HNMR(CDCl,, sppm): 1.316-
1.352(t, 3H, OCHCH,), 1.756-1.764(m, 4H, £and G), 2.486-2.501(d, 2H, &, 2.699-2.714(d, 2H, £, 3.416(s,
2H, CH, of thiazolidine), 3.734(s, 3H, OGH 4.230-4.283(q, 2H, OCi€Hj3), 5.934(s, 1H, N-CH), 6.456-7.249(m,
4H, Ar-H); Anal. Calcd. for @H»NO,S,: C(60.41), H(5.55), N(3.35), O(15.33), S(15.368urid: C(59.75),
H(5.55), N(4.00), O(15.15), S(15.10); Mol. Wt.: 417

Ethyl 2-[2-(3,4- dimethoxyphenyl)- 4- oxo-1,3- thiazolidin-3-yl]- 4,5,6,7- tetrahydro- 1-benzothiophene-3-
carboxylate (RSBj): Yield: 68.4%; Melting Point: 130°C; IR (KBr, chx 2846(C-H str.), 1288-O str.),
3081(Ar-CH str.), 1283(C-N str.), 778(C-S str.)AT6C=0 str.), 1145(C-O str. in C-O-CHNMR(CDCl, 5ppm):
1.314-1.350(t, 3H, OC}CHz), 1.754-1.762(m, 4H, £and G), 2.698-2.711(m, 4H, £and G), 3.413(s, 2H, Chlof
thiazolidine), 3.930(s, 6H, OGH 4.228-4.281(q, 2H, OCIE€H,), 5.945(s, 1H, N-CH), 6.455-7.049(m, 3H, Ar-H);
Anal. Calcd. for GH2sNOsS,: C(59.04), H(5.63), N(3.13), O(17.87), S(14.33)yrid: C(58.62), H(6.10), N(3.67),
0(17.51), S(14.10); Mol. Wt.: 447.

Ethyl 2-[2-(4- dimethylaminophenyl)- 4-oxo- 1,3- thiazolidin-3-yl]- 4,5,6,7- tetrahydro- 1-benzothiophene-3-
carboxylate (RSB,): Yield: 56.2%; Melting Point: 135°C; IR (KBr, chx 2847(C-H str.), 1509(C=C str.), 12&%
O str.), 3083(Ar-CH str.), 1347(C-N str.), 780(Gt8), 1647(C=0 str.)HNMR(CDCls, ppm): 1.315-1.350(t, 3H,
OCH,CHsy), 1.754-2.697(m, 8H, £C;, G, and G), 3.058(s, 6H, (Ck),), 3.890(s, 2H , CHof thiazolidine),4.213-
4.363(q, 2H, OCKCH), 5.954(s, 1H, N-CH), 6.694-7.753(m, 4H, Ar-H); #@nCalcd. for G,H»N,03S,: C(61.37),
H(6.09), N(6.51), O(11.15), S(14.89); found: C(6Y),H(6.55), N(6.75), O(10.86), S(14.94); Mol. WA30.
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Biological Screening

All the synthesized compounds were subjected tmn&rbbial screening at a concentration of 100ugmablving
three Gram -ve bacterid&gchericha Coli, Saphylococcus aureus and Klebsiella pneumoniae); three Gram +ve
(Seratia reticulata, Bacillus subtilis and Sreptococcus pneumoniae) and two fungal strainsP( aeruginosa and C.
albicans) using Ampicillin as standard at the same conediomn. The work, in reference, was carried out lgaA
disc diffusion method [12]. The response of orgasiso the synthesized compounds were measurethis te zone
of inhibition and compared with that obtained wstandard.

A) Preparation of Mueller Hinton Agar (MHA) Media
Mueller Hinton Agar Media was used for antimicrdlsiereening and its composition is as:
Casein Acid Hydrolysate 17.50gm

Beef Heart Infusion 2.00gm
Starch, soluble 1.50gm
Agar 17.00gm

For preparing Mueller Hinton Agar (MHA) Media, 38gofi Mueller Hinton Agar No. 2 was dissolved in 1640
distilled water. It was mixed properly and heatedobil to dissolve the medium completely. It wasoalaved at
15lbs pressure (121°C) for 15 minutes. It was ttamled and poured into sterilized plates. All thatgs were kept
for 4-5 hours in laminar airflow until the mediatgwolidified. The plates were than kept in an iratob at 37°C.

B) Preparation of standard antibiotic solution
A solution (100ug/ml) of standard drug (Ampicillinjas prepared in sterile water.

C) Preparation of Test solution
10 mg of the synthesized compound(s) was dissatvd® ml of DMF. 1 ml of this solution was takendadgiluted
to 10 ml (with DMF) so that the concentration of tiest solution became 100ug/ml.

D) Preparation of inoculums

For the preparation of inoculums, 5g of nutrienaragias dissolved in 100 ml of distilled water ahd pH was
adjusted at 7.2 £ 0.2. It was poured in test-tumeper requirement and then sterilized by autoctpei 121°C. A
24 hour old culture was used for the preparatiobaufterial suspension. Likewise suspensions dhallorganisms
were prepared as per standard procedure.

E) Preparation of discs

Discs of 6-7 mm in diameter were punched from N@VHattmann filter paper with sterile cork borersaime size.
These discs were sterilized by keeping in overd@fQ one hour. Standard and test solutions werediddparately
to these discs which were air dried later on.

F) Method of testing

Inoculums were added to the prepared media platdsaiowed to solidify. The previously preparedcdisvere
carefully kept on the solidified media by usingriiteed forceps. These petridishes were kept fa-drour diffusion
at room temperature and then for incubation at 36tQ4 hours in an incubator. The zones of infobitafter 24
hours were measured in millimeters. The resultainbtl are shown in Table 1 and Table 2.

RESULTSAND DISCUSSION

According to Gewald [13], heating under stirringaofixture of ethylcyanoacetate, sulphur and cyetainone in
diethylamine for 2-3 hours afforded ethyl-2-amin&-8,7-tetrahydro-1- benzothiophene-3-carboxylatg. (
Substantial proof for the formation of Schiff bdRBA;- RBA,) has been provided by differences in melting moint
and yield value from that of parent compound. Coamabl on reaction with various substituted aldebygelded
various Schiff bases which on cyclization with tfligcollic acid in catalytic amount of ZnCI2 yieldeabvel
thiophene derivatives (RSERSB;). The primary structural difference within thisries involves the nature of
various substituted aldehydes.
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Synthesized compounds were found to be crystallineature and easily soluble in chloroform, ethgktate,
benzene, DMSO and DMF but insoluble in hexane ahgdehe. With the help of analytical techniques sash
melting point, IR and 1H-NMR, synthesized derivawvere characterized. These compounds showeddadban

1646 cm-1 for cyclic >C=0 group [14]. All the compwls showed NMR signals for different kinds of prs at
their respective positions.

0 COOC ,Hs
NC (C2Hg)oNH
— =
cooc,H, TS + | N NH,
S
(1)
R- CHO
Dioxane
H5C,00C

~ N\
\ 4 R

(RBA ;- RBA ,)

SHCH ,COOH
zncl ,, DMF

R
s ;
_—
N s
o)\/

(RSB ;- RSB 4)
R= 2-OH; 4-OCHg3; 3,4-OCHg; 4-N(CHz),
Figure 1. Scheme

H5C,00C

Table 1: Antibacterial Activity of synthesized thiazolidinones (RSB;- RSB,)

Sample _ _ Zone of inhibit'ic'm in mm _ '
E.coli | Sreticulata | S aureus | B.subtilis | S pneumoniae | K. pneumoniae
RSE; - 14 15 15 10 11
RSB, 13 20 14 12 15 15
RSBs 14 18 - - 13 13
RSB, 10 17 15 16 13 9
Ampicillin 22 30 22 25 22 20
DMF - - - - -

Table 2: Antifungal Activity of synthesized thiazolidinones (RSB1- RSB,)

Sample Zone qf inhibition in_mm
P. aeruginosa | C. albicans
RSE; 9 13
RSE, 8 13
RSB 13 13
RSB, 11 11
Ampicillin 19 21
DMF - -

All compounds have been screened for their antibiet activity. From the screening results it waserved that
the presence of electron withdrawing group andr disteage made the compounds to exhibit moderagggoificant
activity in comparison to standard drug Ampicilli@ompound RSBand RSB exhibited promising antibacterial
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activity while compound RSBexhibited promising antifungal activity. Howevaher compounds of the series also
exhibited moderate to significant activity agaitis¢ microorganisms as mentioned above. Thereforgpoand
RSB,, RSB; and RSB can be recommended for further studies. The abesudts established the fact that thiophene
substituted with various aldehydes (substituted) ¢t@ studied further to explore out newer antinbéb
compounds.

CONCLUSION

The analytical and other informational data, adddain literature so far, have rendered thiophegaificantly
important class of heterocyclic compounds and thgiplications in ever challenging chemotherapy afious
ailments/ infections etc. since last two decadaaemsely hiked interests of medicinal chemist andHtemist.

This particular research study, in reference, woektiend great deal of help to researchers in rengoand
determining the best and most productive, econdmsceygestive and conclusive access to variouphignes of
clinical importance superseding other compoundbaif class.

Further combinatorial libraries of these compourwsh be generated which can be screened for optimal
pharmacological activities by optimization techrégwsing 2D and 3D QSAR investigation.
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