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ABSTRACT

A series of new carboxamide derivatives of 3-(2ygofd]thiazol-2-yl)phenoxy)propanoic acid2)( were

synthesized by the reaction of 3-(2-(benzo[d]thi@zgl)phenoxy)propanoyl chloride3) with various bio-potent
amines by using 1-methylimidazole as an acid s@erenia Schotten-Baumann reaction. The newly sgizbd

compounds were characterized by IR, NMR and masstrap analysis. The title compounds were evaludited
their efficacy as antibacterial and antifungal a¢ernin vitro. Compoundde-h showed high inhibitory activity
against both bacteria and fungi.

Keywords; Carboxamide, 1-methyl imidazole, Schotten-Baumaaction, antibacterial and antifungal activities

INTRODUCTION

A continuous effort has been taken up by the syitthehemist to develop new chemical entities asempit
antibacterial and antifungal agents to combat agaiarious bacterial and fungal pathogens with feside effects.
Among the benzene fused heterocyclic compoundszdikiazole is a multifunctional nucleus, that hesdwn

importance in pharmaceutical chemistry because t®fpbtent pharmacological activities [1] and indaét
applications like vulcanization accelerators, nogdir optical materials, chemo sensors [2, 3] ard §4]. Besides,
benzothiazole and its derivatives exhibited vabéesogical activities such as antimicrobial [5, @htituberculotic
[7], anti-inflammatory [8], central nervous systef@NS) depressant [9], antiviral [10], antitumor J1and

anthelmintic [12]. Furthermore, derivatives of betizazole displayed anti-HIV activity [13] and aas COX

inhibitors [14]. From the pastl0 years the synthasdi anticancer drugs pays much attention by thehsyic

chemists. Recent reports revealed that the amideatiges [15] and piperazine linked benzothiazdézivatives

[16] showed promising anticancer activity.

B-Glucuronidase is an exoglycosidase enzyme présesmatrious organs and body fluids such as spleis, kidney
and serum respectively. It is responsible for theawvage of glucoronosyl-O-bonds. Benzothiazole adts
antagonists of different receptors and enzymes. fgitbem, 2-(benzo[d]thiazol-2-yl)phenol is the d¢hat showed
B-glucuronidase activity [17, 18]. Based on the abditerature, herein we report design, synthesid deir
antibacterial and antifungal activities of new aendkrivatives of 2-(benzo[d]thiazol-2-yl)phenol.

MATERIALSAND METHODS

Required chemicals were purchased from Sigma-Aldfihemicals. Melting points were determined on Guna
digital melting point apparatus and are uncorrectét FT-IR spectra were recorded using ALPHA (Bnk'H

and **C NMR were recorded on Bruker AMX 400 MHz by usib§1SO-ds as solvent and TMS as an internal
standard. Silica gel column chromatography wasoperéd using Merck 7734 silica gel (820 mesh) and Merck-
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made TLC plates. Liquid chromatography (LC) masscsa were recorded on a Shimadzu LCMS 2010A. CHN
analysis was performed with the Thermo FinnigarstrlBA 1112 instrument at the IICT, Hyderabad, India

General procedurefor the synthesis of 3-(2-(benzo[d]thiazol-2-yl)phenoxy)propanoic acid (2)

Sodium hydride (0.002 mole) in THF was added tbengo[d]thiazol-2-yl)phenollj (0.001 mole) 10 mL of THF,
stirred for 1h at 5-20 °C. 3-Bromopropanoic aciddd mole) in THF was added dropwise to intermedaation,
stirred for 1h at 10-45 °C. It was filtered to getide compound2j and evaporated the solvent under vacuum,
washed with hexane and ethyl acetate.

General procedurefor the synthesis of 3-(2-(benzo[d]thiazol-2-yl)phenoxy)propanoyl chloride (3)

To a stirred solution of acid?( (0.001 mole) in dry THF (10 mL), excess of thibahloride (0.0015 mole) was
added at 0°C in the presence of;NEtand stired for1hat30 °C to afford 3-(2-(befuthiazol-2-
yl)phenoxy)propanoyl chlorid8. The formed salEt;N.HCI was remove by filtration, the solvent and eaxted
thionyl chloride was removed in a rotaevaporator.

General procedurefor the synthesis of carboxamides (4a-h)

The acid chloride3) was reacted with various bioactive amines inphesence of 1-methylimidazole as an acid
scavenger and THF as solvent at 10-45 °C. The pssgof the reaction was monitored by TLC (n-Hexdithyl
acetate 3:1). After completion of the reaction,avatas added to the stirred mixture, which wasaexéd with ethyl
acetate. The organic layer was washed with 5% HBitisn and 10% NaHCg»olution in order to remove
unreacted amine and acid respectively. The orgamse was washed with water and brine, dried oeg8®}, and
concentrated in a rotaevaporator. The obtainedecpudduct was purified by silica gel column chroogaaphy to
obtain respective amides. The physical propertigisspectral data of the obtained compounds are dietow.

Spectral Data

3-(2-(Benzo[d]thiazol-2-yl)phenoxy)propanoaic acid (2)

White solid, yield 75%, mp: 205-20€. IR (cm’): 3324 (COOH), 1655 (C=0fH NMR (DMSO-ds) 6: 2.60 (t,J
=6.4 Hz, 2H, -CH), 4.34 (t,J = 6.4Hz, 2H, OCH), 6.76-7.22 (m, 4H, AH), 7.64-8.24 (m, 4H, AH), 11.24 (s,
1H, COOH).®*C NMR (DMSO4d) 6: 33.5, 42.7, 65.3, 112.8, 118.4, 121.5, 123.4, 1228.3, 128.2, 129.3, 136.4,
153.8, 155.4, 164.5, 175.81S: 300 [M+H]. Anal.Calcd for GgH,3NOsS: C, 64.20; H, 4.38; N, 4.68. Found C,
64.08; H, 4.12; N, 4.24.

3-(2-(Benzo[d]thiazol-2-yl)phenoxy)-N-(4-fluor obenzyl)pr opanamide (4a)

White solid, yield 74%, mp: 210-21C. IR (cm'): 3246 (CONH), 1665 (C=0YH NMR (DMSO-ds) 6: 2.38 (t,J
= 6.4 Hz, 2H, -CH), 4.10 (t,J = 6.4 Hz, 2H, OCHh), 4.45 (s, 2H, NCh), 6.88-7.25 (m, 8H, AH), 7.36-7.72 (m,
4H, Ar-H), 10.24 (s, 1H, CONH)'*C NMR (DMSO4ds) 6: 33.5, 45.2, 65.4, 111.8, 116.6 (2C), 119.8, 12123,5,
126.8, 127.2(2C), 129.5, 131.4, 132.7, 134.5, 1363B.2, 141.8, 152.6, 153.3, 161.3, 163.7, 17MS: 406
[M+H]". Anal.Calcd for GH;sFN,O,S: C, 71.09; H, 4.97; N, 3.45. Found C, 70.85; 334N, 3.14.

3-(2-(Benzo[d]thiazol-2-yl)phenoxy)-N-(2-chlor obenzyl)pr opanamide (4b)

White solid, yield 78%, mp: 221-222. IR (cm'): 3241 (CONH), 1662 (C=OfH NMR (DMSO<d,) 6: 2. 42 (t,J
= 6.4 Hz, 2H, -CH), 4.22 (t,J = 6.4 Hz, 2H, OCH), 4.46 (s, 2H, NCH), 6.94-7.28 (m, 8H, AH), 7.42-7.86 (m,
4H, Ar-H), 10.12 (s, 1H, CONH)-*C NMR (DMSO4,) o: 32.5, 43.7, 64.3, 111.8, 115.5 (2C), 117.4, 121224,
124.7, 125.3, 127.8 (2C), 129.2, 131.4 (2C), 13336.4, 138.2, 142.5, 144.4, 153.3, 154.4, 17813: 422
[M+2]". Anal.Calcd for GJH,CIN, O,S: C, 68.32; H, 4.78; N, 3.32. Found C, 68.12; 364N, 3.15.

3-(2-(Benzo[d]thiazol-2-yl)phenoxy)-N-((pyridin-4-yl)methyl)propanamide (4c)

White solid, yield 73%, mp: 208-20€. IR (cnm'): 3243 (CONH), 1660 (C=OfH NMR (DMSO-d;) 6: 2.44 (t,J
= 6.4 Hz, 2H, -Ch), 4.26 (t,J = 6.4 Hz, 2H, OCh), 4.48 (s, 2H, NCh), 6.92-7.38 (m, 6H, AH), 7.38-7.74 (m,
4H, Ar-H), 8.45 (d,J = 8.0 Hz, 2H, Ar-H, Py-H), 10.24 (s, 1H, CONHJC NMR (DMSOds) 6: 32.5, 43.7, 64.3,
111.8, 115.5 (2C), 117.4, 120.5, 122.4, 124.7 (225.3, 127.8 (2C), 129.2, 131.4 (2C), 142.5, 14148.3, 153.6,
155.4, 172.4MS: 389 [M+HJ. Anal.Calcd for GgH,oN;O,S: C, 71.11; H, 5.19; N, 7.21. Found C, 70.88; 1924
N, 7.12.

3-(2-(Benzo[d]thiazol-2-yl)phenoxy)-1-(indolin-1-yl)pr opan-1-one (4d)

White solid, yield 68%, mp: 232-238. IR (cm®): 1663 (C=0)H NMR (DMSO-<s) J: 2.56 (t,J = 6.4 Hz, 2H, -
CH,), 2.64 (t,J = 6.4 Hz, 2H, -CH), 3.62 (t,J = 6.4 Hz, 2H, -CH) 4.24 (t,J = 6.4 Hz, 2H, OCHh), 6.86-7.18 (m,
8H, Ar-H), 7.25-7.84 (m, 4H, AH). *C NMR (DMSOds) d: 26.4, 32.5, 46.8, 66.2, 110.8, 115.5 (2C), 117.4,
120.5, 122.4, 124.7 (2C), 125.3, 127.8 (2C), 128324 (2C), 136.3, 141.5 (2C), 143.4, 146.3, 15P58.5, 171.5
MS: 400 [M+H]".
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3-(2-(Benzo[d]thiazol-2-yl)phenoxy)-1-(4-(4-nitr ophenyl)piper azin-1-yl)pr opan-1-one (4€)

Yellow solid, yield 80%, mp: 254-25%. IR (cm'): 1658 (C=0)H NMR (DMSO-dq) 5: 2.52 (t,J = 6.4 Hz, 2H, -
CH,), 3.32-3.64 (m, 8H, 4xCH), 4.35 (t,J = 6.4 Hz, 2H, OCH), 6.18-7.15 (m, 6H, AH), 7.28-7.78 (m, 4H, AH),
8.14 (d,J = 8.0 Hz, 2H, Ar-H)*C NMR (DMSOds) d: 33.7, 44.8 (2C), 48.8 (2C), 64.3, 112.8, 114.5 (22D.5,
122.8 (2C), 124.7 (2C), 125.3, 127.8, 129.2, 13134,3, 140.5 (2C), 143.4, 146.3, 151.8, 153.7,4567/2.5 MS:
488 [M+H]".

3-(2-(Benzo[d]thiazol-2-yl)phenoxy)-1-(4-(4-fluor ophenyl)piper azin-1-yl)pr opan-1-one (4f)

White solid, yield 75%, mp: 261-26£. IR (cm"): 1661 (C=0)H NMR (DMSO-dg) d: 2.65 (t,J = 6.4 Hz, 2H, -
CH,), 3.28-3.56 (m, 8H, 4xC}), 4.30 (t,J = 6.4 Hz, 2H, OCH), 6.82-7.18 (m, 8H, AH), 7.92-8.22 (m, 4H, AH).
%C NMR (DMSOds) 6: 33.5, 43.8 (2C), 47.8 (2C), 65.3, 111.8, 114.5 (2@p.3 (2C), 120.5, 122.8, 124.7 (2C),
125.3, 127.8, 129.2, 131.4, 136.3, 146.3, 152.8,.7,5156.5, 164.2, 17Q.84S: 462 [M+HJ. Anal.Calcd for
CoeH24FN,O,S: C, 67.66; H, 5.24; N, 9.10. Found C, 67.22; HO5N, 8.92.

3-(2-(Benzo[d]thiazol-2-yl)phenoxy)-1-(4-(pyrimidin-2-yl)piper azin-1-yl) pr opan-1-one (4q)

White solid, yield 70%, mp: 243-24€. IR (cm"): 1656 (C=0)H NMR (DMSO-dg) d: 2.55 (t,J = 6.4 Hz, 2H, -
CH,), 3.24-3.48 (m, 8H, 4xC}), 4.42 (t,J = 6.4 Hz, 2H, OCh), 6.36 (dd,J = 7.2, 16.0 Hz, 1H, Pyrimidine-H),
6.78-7.16 (m, 4H, AH), 7.76-8.14 (m, 4H, AH), 8.24 (d, 2H,J = 8.0 Hz, Ar-H)."*C NMR (DMSOds) 6: 34.5,
44.8 (2C), 48.5 (2C), 65.3, 111.8, 114.5, 121.8.122C), 124.6, 126.3, 128.5, 131.4, 135.5, 15154.6, 157.3
(2C), 161.4, 163.2, 172.MS: 446 [M+HT.

3-(2-(Benzo[d]thiazol-2-yl)phenoxy)-1-(4-(pyridin-2-yl)piper azin-1-yl)pr opan-1-one (4h)

White solid, yield 74%, mp: 236-23T. IR (cm®): 1657 (C=0)H NMR (DMSO-<s) J: 2.52 (t,J = 6.4 Hz, 2H, -
CH,), 3.26-3.40 (m, 8H, 4XCH), 4.45 (t,J = 6.4 Hz, 2H, OCH), 6.46-7.12 (m, 3H, Py-H), 6.82-7.18 (m, 4H; 14y},
7.66-8.10 (m, 4H, AH), 8.15 (d, 1H,) = 8.0 Hz, Py-H)*C NMR (DMSO+) J: 34.8, 44.2 (2C), 48.8 (2C), 66.2,
108.4, 112.8, 115.5, 119.4, 121.3 (2C), 122.5,7,2R4.6, 126.3, 128.5, 131.4, 137.5, 146.3, 15153,6, 154.5,
164.2, 171.8MS: 445 [M+H]".

Phar macology

Anti-micr obial activity

Bacterial cultures were prepared in Nutrient Agardilim (NAM) and for fungal test Potato Dextrose ARDA)
medium was used. 10 mL of distilled water was uwedcrape conidia from 10 days culture and theesparere
collected after filtration. The spores were resusigel in sterile distilled water and were used asutum. For
bacterial culture plates a 1@ of the cell suspension (i@ells/ mL) was used to prepare bacterial lawn.i-Ant
microbial tests were done by disc diffusion techmi§@1, 32]. Discs were prepared with Whatman Nidtdr paper
(6 mm diameter) and was impregnated with 100 psg df each compound and placed on the inoculatetbhbial
plates. And all the plates were subjected to intabaat 37 °C for 24 hours. Chloramphenicol wasduas positive
control and was placed in the center of all thegsldor bacterial cultures and nystatin was usegloagive control
for fungal cultures. Anti-microbial activity was @wated by measuring the Zone of inhibition agathst tested
organisms and the results are summarizeBalie 2 (antibacterial) and able 3 (antifungal). Each test was carried
out three times and average values are taken.

Minimum inhibitory concentration

Minimum inhibitory concentration was evaluated gsimicro-broth dilution assay method [33]. MIC was
determined by taking the minimum concentration aiclv there were observed no visually detectableeliad/
fungal growth. Specifically, 0.1 mL of standardizedculum (1.2x 10c.f.u/mL) was added to each test tube. The
tubes were incubated aerobically at 37 °C for 2drlbacterial activity and 48-72 h for fungal aétjv Control was
maintained for each test sample. The lowest coraan (highest) of test compound that producedisible signs

of microbial growth (no turbidity) when comparedtwthe control tubes were regarded as MICab{es 2 and3).

Antimicrobial activity was evaluated by measurihg zone of inhibition against the tested organiantsthe results
are summarized iffable 1 (antibacterial) and able 2 (antifungal). All the target compounds exhibitadmising
antibacterial and antifungal activities. The tilempounds were dissolved in DMSO at 1GgmL and each test
was carried out three times and mean values obititni zone diameter are taken. All the synthesiezechpounds
were screened for thein vitro antibacterial activity against the following bataé strains: Gram negative bacteria
Escherichia coliand Klebsiella pneumoniagzram positive bacteriaBacillus subtilisand Staphylococcus aureus
Moderate to excellent antibacterial activity waspttayed by the synthesized compounds.
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Table 1. Antibacterial activity of synthesized compounds 4a-h

Entry Product Gram negative Gram positive
E. coli K. pneumoniae B. subtilis S. aureus
IZ MIC 1z MIC IZ MIC 1Z MIC
1 4a 24  6.45 17 6.65 25 9.65 24 1842
2 4b 22 7.75 20 9.55 22 1484 22 19.15
3 4c 20 1225 26 10.24 20 16.65 18 20.35
4 4d 22 1015 22 5.25 24 1115 20 17.85
5 de 28 4.25 24 9.45 30 875 26 845
6 af 30 335 25 4.35 32 6.15 28 6.15
7 4g 26 8.15 20 1244 28 1235 24 14.15
8 4h 25 10.65 18 16.16 26 1535 22 16.25
9 Std 32 5.15 26 8.45 34 1025 30 1235

E. coli: Escherichia coli, K. pneumoniae: Klebséelpneumoniae, B. subtilis:
Bacillus subtilis, S. aureus: Staphylococcus aur&td: Chloramphenicol
1Z: Inhibition zone in (mm), MIC: Minimum inhibitpiconcentration (in pg/mL).

Among the synthesized amidéds-h showed high antibacterial activity against thevgtoof E. coli andB. subtilis
than that of others compared to that of standalaramphenicol. When we compare the antibacteriaiac of the
compounds, it is observed that the effect of stligin plays major role in inhibition of the growtti the bacterial
strains. The antibacterial activity of the compositeth against tested bacterial strains is as follo#s;4g<4e<4f.
Compounddgla-b displayed more antibacterial activity thdndue to the presence of substitution in the foramers
and lacks in the latter compound. Substitutiong lilalogens (Cl, F), and nitro groups at 2, 4 pmsdtion the

benzene ring in the compoundsa-b and p-position on the phenyl ring in the case of comgbdhenhances the
zone of inhibition. Compoundf showed high antibacterial activity with MI(3.35 pg/mL) than4e (4.25.9/mL),
due to fluorine substitution [34] which enhances #ctivity againsk. coli. Similar trend is observed in the case of
4a-d analogsdc<4b<4a<4d.

Table 2. Antifungal activity of synthesized compounds 4a-h

Entry Product A. niger T. viride A. flavus P. chrysogenum
1Z MIC 1z MIC V4 MIC 1Z MIC

1 4a 15 945 18 1445 16 1445 16 20.45
2 ab 12 16.75 12 18.75 10 18.26 14 22.25
3 4c 14 1285 16 16.14 14 15.65 12 24.35
4 4d 16 11.15 20 13.64 18 1225 17 18.25
5 4e 22 515 26 7.25 24 8.15 22 10.25
6 af 24 325 28 6.15 26 6.35 24 8.24
7 4g 20 845 24 925 22 1035 20 12.34
8 4h 18 1055 22 1236 20 14.45 18 16.48
9 Std 26 525 30 1025 28 8.45 26 10.15

A. niger: Aspergillus niger, T. viride: Trichodermdide, A. flavus: Aspergillus
flavus, P. chrysogenum: Penicillium chrysogenum;, Systatin

IZ: Inhibition zone in (mm), MIC: Minimum inhibitprconcentration (in pg/mL).

On the other hand, study of the antifungal actiwfythe synthesized compounds revealed that allatredogs
exhibited substantial growth inhibitory activityagstTrichoderma viride Aspergillus nigerAspergillus flavuand
Penicillium chrysogenurby disc diffusion method at 100 pg/mL concentmatiblystatin was used as a standard
antifungal agent. The analogs showed high actteityardsTrichoderma virideandAspergillus flavusin particular,
compoundsde and 4f (MIC 5.15 and 3.25 pg/mL) displayed the higheste®f inhibition when compared to
standard antifungal agent agaimsichoderma viride

RESULTSAND DISCUSSION

Chemistry

The synthetic protocol to the target compouddsh is sketched irBcheme 1. In brief, commercially available 2-
(benzo[d]thiazol-2-yl)phenoll) was taken as starting material. It was conveitéadl acid @) by the reaction of
sodium hydride followed by 3-bromopropanoic acidlridF. Acid chloride was synthesized by reactingdbil @)
with thionyl chloride, which in turn reacted wittarous bio-active amines in the presence of acaestger, 1-
methylimidazole [19-21] in THF as solvent at 10-@5
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Scheme 1. Synthesis of carboxamide derivatives

The reaction of different amines with the acid cide 3-(2-(benzo[d]thiazol-2-yl)phenoxy)propanoyilaride @)
gave moderate yields in the presence of triethylenais an acid scavenger but with 1-methylimidaasleatalyst
gave high yields [22]. All the newly synthesizedngmunds were characterized by IR, NMR and masstrsppec
analysis. Amide carbonyl group stretching bandhisesved in the region 1657-1665 trA band in the region
3241-3246 cni corresponds to the amide NH stretching for themmmds4a-c and no absorption band is observed
in this region for the compoundsl-h due to lack of NH bond in that compounds. [23-26}H NMR, a signal ab
2.42-4.48 indicates the methylene protons and Eghe to amide NH protons were observed in theone}10.96-
11.25 [27-30] for the compound&-c. In **C NMR spectra, signals 34.2-38.5 confirmed the presence of
methylene carbons and peaks in the regioh 469.6-173.7 indicate the carbonyl group of ami@iMS were
recorded for a few representative compounds; thexe gM+H ions at their respective molecular mas&#$N
analysis was obtained for a few title compoundsthediata confirmed their elemental composition.

CONCLUSION

In conclusion, we have described the design anthegis of new carboxamide derivatives of 2-(benjtbiazol-2-
yl)phenol in the presence of 1-methylimidazole withgmenting yields and screened for their antioxidand
antimicrobial activities. By summarizing the antomubial results, it can be seen that the pharmaaab efficacy
of the synthesized compounds showed good inhibi@etivity. Particularly the compounddc-h displayed
pronounced activity against tested strains. From dhtimicrobial activity results, it can be con&ddthat, a
combination of two different heterocyclic motifs maly benzothiazole, piperazine and pyrimidine eitbib
augmented biological properties. Hence, derivatofethis scaffold are ideally suitable for the et modifications
which will contribute varied pharmacological acties.
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