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ABSTRACT

In the present work six 3-methyl-1-[(5-substituted-1H-indol-2-yl) carbonyl]-4-{[4- (substituted thiazol-2-
yl)iminoethyl) phenyl ]hydrazono}-2-pyrazolin-5-one derivatives were synthesized by conventional and microwave
methods. The synthesized compounds were tested for their antimicrobial activity against six strains of bacteria and
three fungal strains. Compound 5a showed a broad spectrum of activity against bacteria and compound 5d
exhibited excellent antifungal activity, while most of the other compounds showed varying antimicrobial activity.

Keywords: Indole derivatives, pyrazolin-5-ones, Thiazolyl Bchases, biological activity, Microwave irradian.

INTRODUCTION

The chemistry of pyrazolone and its derivativepasticularly interesting because of their potengéipplication in
medicinal chemistry as herbicidal[1l], fungicidal[2]bactericidal[3], anti-inflammatory[4], antipyrefb],
antiviral[6], blood pressure lowering [@hd SARS-corona virus 3C-like protease inhibitdrgl@ents. Thiazole ring
system and its derivatives are core structure mth&tic compounds displaying broad spectrum ofdgjial actives.
Penicillin and thiamine (Vitamin B structure containing sulphur and nitrogen in fimember ring system which is
similar to thiazole and its derivatives. ThiazdBdhiff bases have been reported to exhibit antiadttactivity [9]
and antitumor activity against human cancer cakdi[10]. Indole derivatives are useful in antibael activity
[11], antifungal activity [12], antitumor [13], dokidant [14], and antiviral potency [15]. Microwavassisted
organic synthesis has become increasingly populegdent years to improve the yields and shortacti@n time in
a variety of reactions [16,17]. Encouraged by theva observations, herein we report the synthéssme new 3-
methyl-1-[(5-substitutedH-indol-2-yl)carbonyl]-4-{[4- (substituted thiazol-@d)iminoethyl) phenyl Jhydrazono}-
2-pyrazolin-5-one derivatives and evaluation ofrtatimicrobial activity.

MATERIALSAND METHODS

Melting points were taken on an Electrothermal kapyi melting point apparatus and are uncorrectBdspectra
were recorded as KBr pellets on a Jasco FTIR 468 gpectrophotometeH- NMR spectra were recorded using a
Bruker AV 500 MHz spectrometer using DMS@ak solvent and TMS as an internal standard. El&ahanalyses
were performed on a Perkin-Elmer 240 microanalyeethe Faculty of Science Cairo University. Microwga
irradiations were carried out in a SANYO EM-700Tnaestic oven (700 W). Purity of compounds was cheédke
TLC.
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Synthesis of 1-(4-aminophenyl)-1-(substituted thiazol-2-yl)iminoethanes l1a-c:

Conventional method:

A mixture of 4- aminoacetophenone (0.01 mole) andmnothiazols namely (2-aminothiazole, 2-amino-5-
methylthiazole and 2-aminobenzthiazole) (0.01 nfiotecsach) in DMF (30 ml) was heated under reflux4b. The
precipitated solid which formed after cooling wasdlected by filtration, washed with water, drieddacrystallized

to afford1la-c (Table 1).

Microwave method:

A solution of 4-aminoacetophenon (0.01 mole) intmaabl (5ml) and 2-aminothiazoles (0.01mole) wetemain
round-bottomed flask placed in a microwave oveniaradliated for 2.0-3.5 min. and then the solveaswemoved
by vacuum distillation. The solid product was fiktd, dried and recrystallized from ethanol to digec (Table 2).
1-(4-Aminophenyl)- 1-(5-methylthi azol -2-yl Jiminoethane (1b):

IR (KBr,cm"): 3400-3312 (NH), 1640 (C=N),'H-NMR (Zppm} 2.01 (s. 3H, Ch), 2.72 (s. 3H, Ch), 6.88 (s,2H,
NH, , D,O-exchangeable,7.22 — 7.82 (m, 5H, ArH).

1-(4-Aminophenyl)- 1-(benzthiazol -2-yl )iminoethane (1c):
IR (KBr,cm™): 3400-3312 (NH), 1640 (C=N),'H-NMR(3ppm) 2.78 (s. 3H, CH), 6.10 (s,2H, NH , D;O-
exchangeable),7.35 - 7.68 (m, 8H, ArH).

Synthesis of 2-{[4- (substituted thiazol-2-yl)iminoethyl)-phenyl Jhydrazono}-3- oxo-butyric acid ethyl ester 2a-
c:

Solution of sodium nitrite (0.01 mole) in water (&®) was added to an ice cooled mixturelafc (0.01 mole) in
conc. HCI (10 ml) and water (10 ml). The diazotizednpound was dropped while cooling with stirringgoa cold
mixture of ethyl acetoacetate (0.01 mole) and sodacetate (2 g in 10 ml water) in ethanol (20 mhe reaction
mixture was stirred at room temperature for 8h. Pphecipitated solid was collected by filtration, sk@d with
water, dried and recrystallized to aff@a-c (Table 1).

2-{[ 4-(5-Methylthi azol-2-yl)imi noethyl) phenyl] hydrazono}-3-oxo-butyric acid ethyl ester (2b):

IR (KBr,cm™): 3431 ( NH ), 1760 (ester CO), 1713(acetyl CO),16a6N), *H NMR (3ppm) 0.91 (s,3H,CHl
),1.21 (t,3H, OCHCHj), 2.60 (s, 3H, Ch), 2.88 (s, 3H, Ch), 3.0 (s, 1H, CH), 4.20-4.22 (g, 2H, OgEH;), 6.70-
7.60 (m,5H, ArH).

2-{[ 4-(Benzthiazol-2-yl)iminoethyl)phenyl] hydrazono}-3-oxo-butyric acid ethyl ester (2c):

IR (KBr,cm™): 3442 ( NH ), 1752 (ester CO), 1718(acetyl CO),1605N)*H NMR (dppm)  1.27 (t, 3H,
OCH,CHj), 2.57 (s, 3H, Ch), 2.80 (s, 3H, Ch), 3.22 (s, 1H, CH), 4.27-4.29 (g, 2H, OGFH,), 6.66 -7.98 (m,8H,
ArH).

Ethyl 5-substituted-1H-indole-2-carboxylate ( 3a,b ) [19-21];

A mixture of p-toluenesulfonic acid (3 g, 0.0174 mole) in dry bame (50 ml) was heated under reflux using Dean-
stark apparatus for 1.5 h. A suspension of ethgliygte 4-substituted phenylhydrazone (0.01 mol@rinbenzene
(30 ml) was added and the whole mixture was reflufce 5 h. The resulting solution was diluted witenzene,
washed with aqueous NaHGQiried over anhydrous B8O, and evaporated to dryness. The resulting progast
recrystallized from ethanol. 3a, M.p.122-124°C gisdd was 84%, 3b, M.P. 150-15€ and yield was 80%.

5-Substituted-1H-indole-2-carbohydrazide (4a, b) [19]:

Conventional method:

A mixture of ethyl 5-substitutediH-indole-2-carboxylates (0.01 mole) and hydrazindrate 99% (0.03 mole) was
refluxed in 20 ml ethanol for 6 h. The precipitktemed after cooling was collected by filtrationdarecrystallized
from DMF/ethanol mixture to give 4a,b. 4a, M.P. 2280 °C and yield was 75%, 4b, M.P. 182 and yield was
82%.

Microwave method:

Hydrazine hydrate (0.01 mole), 3a,b (0.01 mole) almsblute ethanol (2 ml) were irradiated in an irieyer flask
under MWI for 3 min. The reaction mixture was cabléhe solid which separated was filtered off arasked with
water to yieldda,b (Table 2).
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Synthesis of 3-methyl-1-[(5-substituted-1H-indol-2-yl) carbonyl]-4-{[4- (substituted thiazol-2-yl)iminoethyl)
phenyl Jhydrazono}-2-pyrazolin-5-one derivatives (5a-f ):

Conventional method:

A solution of4a,b (0.002 mole for each) in acetic acid (15 ml) wddea to a solution dfa-c (0.002 mole for each)
in ethanol (5 ml). The mixture was refluxed fori.2The reaction mixture was then allowed to stavermight. The
solvent was removed under reduced pressure andeigue was triturated with water, then the produes

extracted with dichloromethane. The combined eidrasere washed with water, dried over 8@, and

concentrated under reduced pressure to give asblidf product, which was recrystallized to aff&@adf (Table 1).

Microwave method:

A mixture of4a,b (0.01 mole for eachRa-c (0.01 mole for each) and glacial acetic acid (% imlan Erlenmeyer
flask was exposed to pulsed microwave irradiatisimgi microwave oven for 5-6 min. The reaction migtwas

poured onto crushed ice; the solid mass that seguhmsas filtered, washed with water, and dried i ghe

pyrazolin-5-one$a-f (Table 2).

3-Methyl-1-[ (1H-indol-2-yl)car bonyl] -4-{[ 4-(thi azol-2-yl )i minoethyl )-phenyl /hydraz-ono} -2-pyrazolin-5-one ( 5a ):
IR (KBr,cm™): 3415 (indole NH), 3273 (NH), 3061(=CH), 1680-167@)C1615 (C=N);H-NMR (3ppm). 2.03 (
s, 3H, CH), 2.68-2.82 (s, 3H, CH), 6.90 (s, 1H, gindole), 6.91-7.55 ( m, 10H, ArH), 10.1 (s, 1H;IND,O
exchangeable), 11.2 (s,1H, NH indoleDexchangeable ).

3-Methyl-1-[ (1H-indol -2-y1)car bonyl] -4-{[ 4-(5-methylthiazol - 2-yl )iminoethyl)-phenyl /-hydrazono}  -2-pyrazolin-5-
one(5b):

IR (KBr,cm™): 3410 (indole NH), 3298 (NH), 3086(=CH), 1685-167@)C 1610 (C=N).'*H-NMR(3ppm):
1.44(s,3H,CH), 2.03 (s, 3H, CHl), 2.60 ( s, 3H, CHl), 6.95(s, 1H, gindole), 6.98-7.85 (m, 10H, ArH ), 11.11 (s,
1H, NH,D,0 exchangeable ), 11.46(s, 1H, indole NHQRXxchangeable).

3-Methyl-1-[ (1H-indol -2-yl)car bonyl] -4-{[ 4-(benzthi azol -2-yl )iminoethyl )-phenyl /-hydrazono} -2-pyrazolin-5-one (
5¢c):

IR (KBr,cm): 3400 (indole NH), 3301(NH), 3079(=CH), 1668-1665(CT590(C=N) *H-NMR(3ppm) 2.45 ( s,
3H, CH; ), 2.69-2.75 (s, 3H, CH), 6.89(s, 1H,gindole) 6.91-7.89 ( m, 12H, ArH ),11.51 (s, 1H, NB,O
exchangeable), 11.92(s,1H, indole NH(Dexchangeable).

3-Methyl-1-[ (5-floro-1H-indol-2-yl ) car bonyl] -4-{[ 4-(thiazol-2-yl )iminoethyl)-phenyl /-hydrazono}  -2-pyrazolin-5-
one(5d):

IR (KBr,cm™): 3421 (indole NH), 3190(NH), 3065(=CH),1694-1660()C0612(C=N) *H-NMR(3ppm) 2.19 ( s,
3H, CH; ), 2.86 ( s, 3H, CHl), 6.91(s, 1H, gindole), 6.95-7.98 ( m, 9H, ArH ), 11.45 (' s, 1NH, D,O
exchangeable), 11.6 (s, 1H, indole NH(Dexchangeable).

3-Methyl-1-[ (5-floro-1H-indol-2-yl ) car bonyl] -4-{[ 4-(5-methyl thi azol -2-y1 )i mi noethyl )-phenyl hydrazono} -2-
pyrazolin-5-one ( 5e):

IR (KBr,cm'): 3415 (indole NH), 3158(NH), 3106(=CH),1682-1673(CQ551(C=N) . 'H-NMR(dppm)
1.31(s,1H,CH), 2.73( s, 3H, CHl), 2.99 ( s, 3H, CHl), 6.93(s, 1H, gindole),6.96-7.98 ( m, 8H, ArH ), 11.10 (s,
1H, NH, D,O exchangeable ), 11.85(s,1H, indole NHOExchangeable).

3-Methyl-1-[ (5-flor o-1H-indol-2-yl)car bonyl] -4-{[ 4-(benzthi azol -2-yl )iminoethyl )-phenyl /hydrazono} -2-pyrazolin-
5-one ( 5f ):

IR (KBr,cm'): 3410 (indole NH), 3210 (NH ), 3103(=CH),1660-1658) , 1625(C=N)*"HNMR(3ppm) 2.19 ( s,
3H, CH; ), 2.86 ( s, 3H, CH), 6.91(s, 1H, gindole), 6.96-8.10 ( m, 11H, ArH ), 11.03 (s, 1NH, D,O
exchangeable ), 11.96(s, 1H, indole NHODexchangeable).
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RESULTSAND DISCUSSION

1-(4-Aminophenyl)-1-(thiazol-2-yl)iminoethari&a has been synthesized by treatmem-afminoacetophenone with
2-aminothiazole in boilingN,N-dimethyl-formamide as reported in the literatuBj[1Similarly, 2-amino-5-
methylthiazole and 2-aminobenzthiazole were conglbnwith 4-aminoacetophenone in DMF to give 1-(4-
aminophenyl)-1-(substituted thiazol-2-yl)iminoetkaterivatives 1b,c) (schemel).

Compoundsla-c were also synthesized in excellent yield withirw feninutes (2-3.5 min) under microwave
irradiation. Thiazolyl Schiff base&a-c has been characterized on the basis of spectrdiest and elemental
analysis. IR spectrum (KBr) db, as an example, showed bands at 3400-3388 andct64@r NH, and C=N.
The *H-NMR spectrum (DMSO-+§ of 1c showed signals &t 2.78 ppm assigned to three protons of the methyl
group and 6.10 ppm for NH

The diazonium salts dfa-c when coupled with ethyl acetoacetate at 0-5 °@résence of sodium acetate gives 2-
{[4-(substituted thiazol-2-yl)iminoethyl)-phenyl]ldyazono}-3- oxo-butyric acid ethyl este?a-c (scheme 1). The
"H-NMR spectrum ( DMSO+ of compoundb, as an example, exhibited signal$.91 (s,3H,CH ),1.21 (t,
3H,0CH,CH,), 2.60 (s, 3H, Ck), 2.88 (s, 3H, Ck), 3.0 (s, 1H, CH), 4.20-4.22 (q, 2H, OgEHs), 6.70- 7.60
(m,5H, ArH). The IR spectrum d#b shows an absorption band at 3431 corresponding to the vibration of the
NH group, a band at 1760 €m, characteristic of the carboxylic ester moietyjlatbands at 1713 cmand 1610
cm* correspond to the characteristic acetyl CO and GraNips respectively.

Heating under reflux a mixture of ethyl 5-substgiiH-indole-2-carboxylate3a,b ) [19-21] and hydrazine hydrate
in ethanol for 6h afforded 5-substituted-indole-2-carbohydrazide derivatives[19g(b). These carbohydrazides
were also obtained in a 96- 98 % yield by irradiatof 3a,b ) with hydrazine hydrate in ethanol under MWI for
min.

Refluxing compound&a-c and4a,b in a mixture of ethanol and acetic acid for 12 furmishing 3-methyl-1-[(H-
indol-2-yl)carbonyl]-4-{[4-(substituted thiazol-2)ym-inoethyl)phenyllhydrazono}-2-pyrazolin-5-one ervatives
5a-f ( scheme 1) . These pyrazolin-5-one derivativeevebtained in good yield through irradiation ah&ture of
2a-c and4a,b using microwave oven for 5-6 min.

Table1: Characterization data of synthesized compounds:

Comp l}/(l)cg Solvent of Crystn. \E(i)/eol;i F(('\)/rlr\r/l\llj.l)a CAnalys|i_|sCalcd'j FoundS
w o] o | | s |0 smREIEE
b |mom| eew | B | GRS [wrlailmELe
© || mowwo | 0| Cphs mmTamli i
w [aosior]  ewno | o] Cptguos | sexel s ises] 0o
» [iomies]  evaw | | OHNOS [mototisor) 8
x| w01 e | © | ClENOS [eralea i v
o |waer| Jeoome, | 7 | oS [erseliorl om0
w | o] et | S| CaNoS o000 43T 2027 003
5¢ 273-275 AcOGHs 50 CysHoiN/O,S | 64.72 | 4.07 | 18.87 | 6.17

- Pet. ether 519.583 64.77| 4.10| 1881 | 6.13
0 | 2207)  mwanol | % | S | G000 | 57e | 201t | 660
s |2:10218)  Ehanol | ) 5 UPS | 006 | 4oz | 1051 | aar
of |23205)  Ewanol | 42| ®ge® | reh) 571 1m20| ses
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The H-NMR spectrum ( DMSO«l) of compoundssa, as an example, showed a singletsa2.68-2.82 ppm
assigned to three protons of the methyl group bétado the pyrazoline nucleus. Two broad signatk k.12 and
11.60 ppm due to NH of hydrazino and indole, retpely were observed which were exchangeable with
deuterium. A multiplet due to aromatic protons appd at 6.24-7.55 ppm . The infrared spectrum of compounds
5a-f showed strong bands in the 3325-3458" ¢agion, attributed to NH groups stretching and blaeds of the
amidic and pyrazolinone ring C=0 groups appeartris@4 and 1680 cth respectively.

Table 2: Comparison of Conventional and Microwave synthesis:

Conventional Microwave
Compd. | o vield thre %vyield  tmin
1a 64 4 82 3
1b 58 4 98 35
1c 50 4 89 2
4a 78 6 96 3
ab 85 6 98 3
5a 57 12 93 5
5b 54 12 88 5
5¢ 50 12 82 5
5d 58 12 91 5.5
Se 48 12 83 6
5f 42 12 81 6

Table 3: Antibacterial activity of prepared compounds:

Compd. No. Gram +ve Bacteria _ Gram —b{_acteria
S aureus B.subtilis B.cereus P.aurignosa E.coli E. aerogenes

la 17 15 1C 8 19 11
1b 19 17 14 8 11 10
1c 16 14 10 10 10 13
2a 11 13 12 10 16 11
2b 11 17 12 13 18 10
2c 8 22 11 10 16 12
5a 22 26 1C 18 28 15
5b 20 19 16 11 18 14
5c 11 20 12 10 16 12
5d 15 16 11 8 19 13
5e 12 13 14 11 16 12
5f 13 14 10 12 18 11

Ampicillin 20 25 22 18 21 12

Table4: Antifungal activity of prepared compounds:

Compd. No | A niger | P.italicum | F. oxysporum
la 13 17 20
1b 20 20 18
1c 15 12 22
2a 14 16 14
2b 16 13 12
2c 12 15 11
5a 18 20 19
5b 10 16 22
5c 10 18 17
5d 12 22 26
5e 11 20 21
5f 10 16 19

Mycostatin 12 20 26

Biological Activity:

Some of the prepared compounds were screeneddirattivity against Gram-positive bacteri@aphylococcus

aureus, Bacillus subtilis, Bacillus cereus), Gram-negative bacteriaRgeudomonas aurignosa, Echerichia coli,

Enterobacter aerogenes), as well as fungiAspergillus niger, Penicillium italicum, Fusarium oxysporum). Standard
drugs, ampicillin for bacteria and mycostatin fandji, were used at a concentration of 1000 ppntdonparisons.
The biological activity of these compounds havenbeealuated by filter paper disc method [22] aftessolving
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them inN,N-dimethylformamide to obtain a 1mg/mL solution (008m). The inhibition zones of microbial growth
surrounding the filter paper disc (5 mm) were meadin millimeters at the end of an incubation perf 3 days at
37°C for Echerichia coli and at 28°C for other bacteria and funiiN-dimethylformamide alone showed no
inhibition zone. The obtained results are listedamles 3 and 4.

CONCLUSION

A series of novel pyrazolin-5-one derivatives wemepared. The biological activity of these compaundas
evaluated against various Gram-positive, Gram-megjdilacteria and fungi. 3-Methyl-1-[dtindol-2-yl)carbonyl]-
4-{[4-(thiazol-2-yl)iminoethyl)phenyllhydrazono}-pyrazolin-5-one %a) showed the highest antibact-erial
activity, while compoundsc showed moderate activity. As far as the antifungetivity is concerned, only
compoundbd exhibited the highest antifungal activity.
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