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ABSTRACT

In an attempt to find a new class of antimicrobial agents having anti-inflammatory activity, a series of thiophene
containing Schiff base moiety were prepared via the reaction of ketone, 4-N-methyl piperidone with the
isobutyl cyanoacetamide using ammonium acetate/glacial acetic acid as an acidic catalyst with the arrangement of
continuous removal of water followed by reacting starting compounds with substituted aryl aldehydes. These
compounds were screened for their antibacterial activity against Gram-positive bacteria (Bacillus subtilis and
Saphylococcus aureus), Gram-negative bacteria (Escherichia coli and Klebsiella pneumonia) and antifungal
activity against (Aspergillus niger and Candida albicans) by using cup plate method. The results clearly revealed
the potential antimicrobial and anti-inflammatory activity of all these piperidinothiophenes when compared with the
standard drug Ampicillin and Ibuprofen. Sructures of the newly synthesized compounds were established by
elemental analysis and spectral data.

Key words: fusedthiophene, piperidine, schiffs base, antéréadt antifungal, anti- inflammatory activity.

INTRODUCTION

In continuation of our work on fused thiopheh&swe report the synthesis of piperidinothiophemes it is well
documented that fused thiophenes have large arfalyiotogical activities like anticanc&r antitumof, anti-
tubercula?’®, antibacteridf*® and fungiciddi’ activities. They are also useful as antipard$jtianti-
inflammatory®* analgesit"*® and MEK inhibitot’, Antiarrhythmic¢® serotonin antagoni$t antianxiety agent§
Intestinal Calcium-Activated Chloride Channel iritib'®, and anticonvulsant activity On the other hand, careful
literature survey revealed that piperidine andghane ring systems have occupied a unique posititime design
and synthesis of novel biological active agentshwigmarkable analgesic and anti-inflammatory atidisj in
addition to their well documented potential antirolwial activities. In view of the above-mentionextts and in
continuation of our interest in the synthesis dehecycles containing thiophene moiety, to identigw candidates
that may be value in designing new, potent, selecind less toxic antimicrobial agents having arftammatory
activity, we report herein the synthesis, antimiéab and anti-inflammatory evaluation of some nos#&ucture
hybrids incorporating substituted phenyl moietye®ubstitution pattern of phenyl ring was carefskyected so as
to confer different electronic environment to thelecules.

MATERIALSAND METHODS

All the melting points were determined in open #ages, using Veego VMP- DS melting point appasatu
expressed ir’C and are uncorrected. All the chemicals used & shinthesis were obtained from standard
commercial sources. Reactions were monitored by TkiDg silica gel-G (S. D. Fine Chem. Pvt. Ltd, Muam
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India) as the adsorbent and the different solvestesns were used. The separations of the compoweds
checked on TLC under UV lamp and also by lodineralier.

The'H NMR spectra of the compounds were recorded eithédRMS (in CDGJ/ D,O) Bruker Avance 400 MHz
(FTNMR) or Avance 300 MHz NMR spectrophotometerngsifMS as an internal standard and the values are
expressed ith ppm. The infrared spectra were recorded on Pé&hkirer RX1 FTIR spectrophotometer. The mass
spectra of the compounds were recorded on posiivee ESI- HRMS (m/ z) 100- 30000 Th model AgilebP6

(Q- TOF) mass spectrophotometer. Bovine serum atbMerck Limited), Ibuprofen, Ampicillin and alltber
chemicals were of analytical grade.
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Synthesis of isobutylcyanoacetamide (3):

A mixture of isobutylamin® (0.5 mole) and ethylcyano acetdt€0.5 mole) was taken in a conical flask and heated
in microwave oven at 700 watt for 2-3 min. The teatmixture was left at room temperature for ovght The
solid obtained was filtered, washed with water ainiéd. Recrystallization was done by ethanol: waéxture
(5:1).

Synthesis of 2-amino-3-N-(isobutyl car boxamido)-6-N-methyl piperidino thiophene (8):

A mixture of isobutylcyanoacetamic(0.04 mole), 4-N-methyl piperidor#e(0.04 mole), ammonium acetate (1 g)
and glacial acetic acid (2 mL) in benzene (80 migswefluxed with an arrangement for continuous isgjuom of
water involving dean stark apparatus. After 11hk. eaction mixture was cooled, diluted with 10 b@nzene and
washed with sodium carbonate solution (10% w/v ismtes) and water successively and dried over antgdro
sodium sulphate. The solvent was removed underuwacand the intermediate crude product obtained was
immediately processed for next the step.
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To a mixture of 2-cyano-2-N-methylpiperilidene-Nimitylacetamides in alcohol (30 mL), was added sulphur
(1.28 g; 0.04 mole) in portions followed by the #idah of, diethyl amine (6.0 mL) drop wise with rsihg. The
reaction mixture was stirred for two and half hoats40-45 °C and chilled over night. The solid oi#d was
filtered, washed with ethanol and crystallized frimwpropy! alcohol: water mixture (9:1).

Synthesis of 2-[(substituted benzylidene) imino]-3-N-(isobutylcar boxamido)-6-N-methyl piperidinothiophenes
(Schiff bases):

A mixture of the starting compour@(0.005 mole) and the required aryl aldehydgsubstituted benzaldehydes,
0.005 mole) in ethanol (25 mL) and catalytic amoohglacial acetic acid was heated in microwavenose 700
watt for 120 sec (2 min). The mixture was cooledamm temperature; the solid separated was filtereghed with
ethanol and crystallized from suitable solvent.a8ippting the above synthetic procedure, compoBade 8| were
also synthesized. All these compounds were newtlaaaharacteristic physical and spectral data \peesented
separately in the tabular form.

CHEMISTRY:

1.2-amino-3-isobutylcarboxamido-6-N-methyl piperidittiophene(81), M.P.- 104C, I.R. (KBr, cm') 3396 (N-
H), 2928 (Ali-CH), 1625 (C=0), 780 (C-S¥ NMR & 8.85 (1H, s), 5.64 (2H, s), 3.44 (2H, s), 2.7 (BH2. 6 (2H,
t), 2.5 (3H, s), 2.2 (2H, d), 1.5 (1H, m), 0.9 (6B, ESI- MS (M+1) 268. Anal. Calcd. for;£1,;N;0S: C 58.39,H
7.92,N 15.71,S 11.99. Found: C 58.33,H 7.90,N 15.72.99.

2.2-[(4-chloro benzylidene)imino]-3- isobutylcarbawalo-6-N-methyl piperidino thiophenésa), M.P.- 198C,
I.R. (KBr, cni®) 3185 (Aro-CH), 2928 (Ali-CH), 1630 (C=0), 1593%[), 1085(Ar-Cl), 808 (C-N), 1541(Ar-
C=C), 746 (C-S)'H NMR § 9.84 (1H, s), 8.95 (1H, s),7.7 (2H, d), 7.4 (2M,3144 (2H, s), 2.72- 2.77 (2H, 1), 2.63-
2.66 (2H, t), 2.5 (3H, s), 2.22- 2.28 (2H, d), 1%, m), 0.92- 0.98 (6H, d), ESI- MS (M+1) 390. An@alcd. for
C,0H24CIN3OS: C 61.60,H 6.20,N 10.78,S 8.22. Found: C 61.5920,N 10.79,S 8.20.

3.2-[(4'-fluoro benzylidene)imino]-3- isobutylcarbaxiédo-6-N-methyl piperidino thiophenésb), M.P.- 187C,
l.R. (KBr, cmi') 3322.5 (NH), 3123 (Aro-CH); 2935 (Ali-CH); 162€%0), 1599 (C=N); 1230 (C-F), 825 (C-N),
749 (C-S)H NMR § 10.05 (1H, s), 8.95 (1H, s),7.7 (2H, d), 7.2 (2,3.44 (2H, s), 2.72- 2.77 (2H, t), 2.63- 2.67
(2H, 1), 2.5 (3H, s), 2.22- 2.28 (2H, d), 1.5 (1K), 0.9 (6H, d), ESI- MS (M+1) 374. Anal. Calcd.r fo
CyoH24FN3OS: C 64.32,H 6.48,N 11.25,S 8.59. Found: C 64.3344,N 11.28,S 8.57.

4.2-[(4-methyl benzylidene)imino]-3- isobutylcarbamaio-6-N-methyl piperidino thiophené8c), M.P.- 202°C,
l.R. (KBr, cm?) 3310 (NH), 3187 (Aro-CH), 2935 (Ali-CH), 1627 (O3, 1535 (C=N), 833 (C-N), 779 (C-SH
NMR $ 9.91 (1H, s), 8.88 (1H, s),7.5 (2H, d), 6.8 (2K, 3144 (2H, s), 2.92 (3H, s), 2.72- 2.77 (2H2/K3- 2.67
(2H, t), 2.5 (3H, s), 2.22- 2.28 (2H, d), 1.5 (1H), 0.92 — 0.97 (6H, d), ESI- MS (M+1) 370. Anakled. for
C,H,/N30S: C 68.26,H 7.36,N 11.37,S 8.68. Found: C 68.2434,N 11.38,S 8.68.

5.2-[(4'-methoxy benzylidene)imino]-3- isobutylcartaowido-6-N-methyl piperidino thiopher(&d) , M.P.173°C,
I.R. (KBr, cm®) 3310 (NH), 3187 (Aro-CH), 2933 (Ali-CH), 1630 (O3, 1545 C=N), 825 (C-N), 760 (C-SH
NMR 8 9.95 (1H, s), 8.95 (1H, s),7.3 (2H, d), 6.5 (2K,2136 (3H, s), 3.44 (2H, s), 2.72- 2.77 (2H,2tK3- 2.67
(2H, 1), 2.50 (3H, s), 2.22- 2.28 (2H, d), 1.5 (IH), 0.92 — 0.97 (6H, d), ESI- MS (M+1) 386. An@lalcd. for
C,H,/N30,S: C 65.42,H 7.06,N 10.90,S 8.32. Found: C 65.45(4,N 10.93,S 8.36.

6.2-[(4-hydroxy benzylidene)imino]-3- isobutylcarkmmido-6-N-methyl piperidino thiopher(@&e), M.P.- 182°C,
I.R. (KBr, cmi') 3456 (OH), 3112 (Aro-CH), 2935 (Ali-CH), 1653 (O¥, 1560 (C=N), 835 (C-N), 789 (C-3$p
NMR 4 9.8 (1H, s), 8.6 (1H, s),7.3- 7.4 (2H, d), 6.6 (2B 5.1 (1H, s), 3.44 (2H, s), 2.72- 2.77 (2K 2p3- 2.67
(2H, t), 2.5 (3H, s), 2.22- 2.28 (2H, d), 1.5 (1iH), 0.92 — 0.98 (6H, d), ESI- MS (M+1) 372. Anakled. for
C,H,/N30,S: C 64.66,H 6.78,N 11.31,S 8.63. Found: C 64.6346,N 11.32,S 8.64.

7.2-(benzylidene imino-3-isobutylcarboxamido-6-N-mgtpiperidino thiophengsf), M.P.-169°C, I.R. (KBr, cm)
3115 (Aro-CH), 2926 (Ali-CH), 1651 (C=0), 1593 (C5M15 (C-N), 759 (C-S), 1562 (Ar-C=CH NMR & 9.98
(1H, s), 8.86 (1H, s),7.5- 7.6 (2H, d), 7.1- 7.#(3n), 3.44 (2H, s), 2.72- 2.77 (2H, t), 2.63- 2(@H, 1), 2.5 (3H,
s), 2.22- 2.28 (2H, d), 1.5 (1H, m), 0.92 — 0.9H,(@), ESI- MS (M+1) 356. Anal. Calcd. for,gi,sN;0S: C
67.57,H 7.09,N 11.82,S 9.02. Found: C 67.58,H N(4,.81,S 9.00.

8.2-[(2'-chloro benzylidene)imino]-3- isobutylcarbawilo-6-N-methyl piperidino thiophenésg), M.P.- 175°C,
I.R. (KBr, cmi') 3184 (Aro-CH), 2935 (Ali-CH), 1645 (C=0), 1545%R) , 1517 (Ar-C=C), 1080 (C-Cl) 815 (C-
N), 755 (C-S)’H NMR & 9.84 (1H, s), 8.95 (1H, s),7.2- 7.6 (4H, m), 3(BM, s), 2.72- 2.77 (2H, 1), 2.63- 2.66 (2H,
t), 2.5 (3H, s), 2.22- 2.28 (2H, d), 1.5 (1H, m)9B 0.97 (6H, d), ESI- MS (M+1) 390. Anal. Calcidr
C,oH»4CIN3OS: C 61.60,H 6.20,N 10.78,S 8.22. Found: C 61.6423,N 10.78,S 8.20.

9.2-[(2-fluoro benzylidene)imino]-3- isobutylcarbaxido-6-N-methyl piperidino thiophensh), M.P.- 180°C,
I.R. (KBr, cm?) 3187 (Aro-CH), 2935 (Ali-CH), 1627 (C=0), 1535%N), 1210 (C-F), 833 (C-N), 779 (C-SH
NMR $ 10.01 (1H, s), 8.97 (1H, s),7.0- 7.7 (4H, m), 3(88, s), 2.72- 2.77 (2H, t), 2.63- 2.67 (2H, 15 Z3H, s),
2.22-2.28 (2H, d), 1.5 (1H, m), 0.92-0.97 (6H, EEI- MS (M+1) 374. Anal. Calcd. fors@1,,FN;OS: C 64.32,H
6.48,N 11.25,S 8.59. Found: C 64.31,H 6.45,N 1853456.
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10.2-[(3',4'-dimethoxy benzylidene)imino]-3- isobutgtboxamido-6-N-methyl piperidino thiopher(8i), M.P.-
198°C, I.R. (KBr, cm') 3058 (Aro-CH), 2935 (Ali-CH), 1656 (C=0), 1539%R), 825 (C-N), 771 (C-S), 1512 (Ar-
C=C), 1276 (Ar-OCH). "H NMR & 9.92 (1H, s), 8.79 (1H, s),7.1 (1H, s), 6.9- 2H(d), 3.72 (6H, s), 3.44 (2H, ),
2.72- 2.77 (2H, t), 2.63- 2.67 (2H, t), 2.50 (3K, 3.22- 2.28 (2H, d), 1.5 (1H, m), 0.92 — 0.97 (&h, ESI- MS
(M+1) 416. Anal. Calcd. for §H,gNz05S: C 63.59,H 7.03,N 10.11,S 7.72. Found: C 63.56(8,N 10.13,S 7.71.
11.2-=[(3',4',5-trimetoxy benzylidene)imino]-3- isolyidarboxamido-6-N-methyl piperidino thiophe(&j), M.P.-
203°C, I.R. (KBr, cn) 3123(Aro-CH), 2935 (Ali-CH), 1629 (C=0), 1599 (@; 1510 Ar-C=C), 1276 (OCH, 825
(C-N), 789 (C-S)'H NMR & 9.9 (1H, s), 8.62 (1H, s), 6.6 (2H, d), 3.73 (3, 3.44 (2H, s), 2.72- 2.77 (2H, 1),
2.63- 2.67 (2H, t), 2.50 (3H, s), 2.22- 2.27 (2hl, 15 (1H, m), 0.92 — 0.97 (6H, d), ESI- MS (M+446. Anal.
Calcd. for GgH3:Ns0,S: C 62.00,H 7.01,N 9.43,S 7.20. Found: C 62.0109,N 9.42,S 7.16.

12.2-[(3'-fluoro benzylidene)imino]-3- isobutylcarbaxido-6-N-methyl piperidino thiophen@k), M.P.- 182°C,
I.R. (KBr, cni') 3176 (Aro-CH), 2916 (Ali-CH), 1692 (C=0), 1589%), 828 (C-N), 789(C-S), 1511 (Ar C=C),
1225 (C-F)'H NMR § 10.01 (1H, s), 8.9 (1H, s),7.5 (1H, d), 7.1- B#(m), 3.44 (2H, s), 2.72- 2.77 (2H, 1), 2.63-
2.67 (2H, t), 2.5 (3H, s), 2.22- 2.28 (2H, d), 1151, m), 0.9 (6H, d), ESI- MS (M+1) 374. Anal. Cdlcfor
CooH24FN3OS,: C 64.32,H 6.48,N 11.25,S 8.59. Found: C64.8144,N 11.24,S 8.57.

13.2-[(2-methyl benzylidene) imino]-3- isobutyl caszmido-6-N-methyl piperidino thiopher(8l), M.P.- 194°C,
I.R. (KBr, cm") 3187 (Aro-CH), 2935 (Ali-CH), 1627 (C=0), 1535%R), 833 (C-N), 779 (C-SfH NMR & 9.89
(QH, s), 8.72 (1H, s), 7.1- 7.5 (4H, m), 3.44 (B),2.72- 2.77 (2H, t), 2.63- 2.67 (2H, t), 2.5 (3H| 2.38 (3H, s),
2.22-2.28 (2H, d), 1.5 (1H, m), 0.92 — 0.97 (6H,ESI- MS (M+1) 370. Anal. Calcd. for,{,-N;0S,: C 68.26,H
7.36,N 11.37,S 8.68. Found: C 68.22,H 7.34,N 18364.

BIOLOGICAL EVALUATION

(i) Antibacterial Activity:

The antibacterial activity of synthesized thiophemere conducted against two gram positive bactéziaBacillus
subtilis andStaphylococcus aureus and two gram negative bacteria vizscherichia coli and Klebsiella pneumoniae
by using cup plate method. Ampicillin was emplogedreference standards to compare the results.

(if) Antifungal Activity:

All those compounds screened for antibacterialvagtiwere also tested for their antifungal activiffhe fungi
employed for screening werspergillus niger and Candida albicans. Miconazole was employed as standard to
compare the results.

(i) Anti-Inflammatory Activity:

Inhibition of bovine serum albumin denaturation® and anti- inflammatory activity:

Clinically established anti-inflammatory drugbave shown to inhibit heat coagulation aftpins. These
anti-inflammatory drugs have exerted an inhibitacfivity on immune haemolysis and also have supgpres
effect on vascular reactivity. Denaturation as ook the causes of inflammation is well documented.
Anti-inflammatory drugs interact in some way with progeiTo gauge the interaction betwdba drug and the
proteins, the stability of proteins against themagulation can be measure (Inhibition of heviserum
albumin denaturation).

Tablel1: Antibacterial activity of piperidinothiophenes (8ato 8l):

Compound R Zone of inhibition (mm) *
S.aureus | B.subtilis | E.coli | K. pneumoniae

8 - 08 06 05 07
8a 4- chloro 17 14 12 14
8b 4- fluoro 16 12 14 15
8c 4- methyl 09 08 06 07
8d 4- methoxy 12 07 06 06
8e 4- hydroxy 13 05 07 08
8f H 11 05 05 08
8g 2- chloro 14 10 09 09
8h 2- fluoro 14 11 09 10
8i 3,4- dimethoxy 12 08 08 08
8j 3,4,5- trimethoxy 12 08 07 08
8k 3- fluoro 12 11 09 10
8l 2- methyl 09 08 06 06

Ampicillin | - 19 16 14 17

The test compounds were dissolved in minimum amadif®MF and diluted with phosphate buffer (0.2 mole
pH 7.4). Final concentration of DMF in all solutiavas less than 2.5%. Test solution (1mL) contaiwiifiggrent
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concentrations of drug was mixed with 1 mL of 1 nemalbumin solution in phosphate buffer and incetaat

270 + 1OC for 15 min. Denaturation was induced by keephegreaction mixture at QOi 10C in a water bath for

10 min. After cooling the turbidity was measurad660 nm. Percentage inhibition of denaturaticas w
calculated from control where no drug was addeathEexperiment was done in triplicate and the awenags
taken. The percentage of inhibition is calculatearfthe following formula.

% Inhibition =100 (1-Vt/Vc)

Table2: Antifungal activity of piperidinothiophenes (8ato 8l):

Compound R Zone of inhibition (mm) *
Aspergillus niger | Candida albicans
8 - 12 09
8a 4- chloro 24 22
8b 4- fluoro 22 20
8c 4- methyl 12 10
8d 4- methoxy 14 10
8e 4- hydroxy 12 12
8f H 12 12
8g 2- chloro 22 16
8h 2- fluoro 20 18
8i 3,4- dimethoxy 14 13
i 3,4,5- trimethoxy 15 13
8k 3- fluoro 19 18
8l 2- methyl 13 19
Miconazolenitrate | - 30 26

Table 3: In vitro Anti-inflammatory activity data of piperidinothiophenes (8ato 8l):

Compound R Anti-inflammatory activity (% Bovine serum inhibition)
8 - 38.10
8a 4- chloro 39.25
8b 4- fluoro 40.40
8c 4- methyl 43.80
8d 4- methoxy 56.38
8e 4- hydroxy 52.42
8f H 39.80
8g 2- chloro 40.20
8h 2- fluoro 40.40
8i 3,4- dimethoxy 55.26
8 3,4,5- trimethoxy 58.28
8k 3- fluoro 45.10
8| 2- methyl 40.72

Ibuprofen | -- 68.55

RESULTSAND DISCUSSION

Antibacterial activity:

The antibacterial activity of all the piperidinatiphenes synthesized has been evaluated by usinglatepmethod.
The results of this activity are shown in Tabl& e results clearly revealed the potential antixaat activity of all
piperidinothiophenes, when compared with the stehdeug ampicillin, but not at an identical dosedle Of all the
compounds tested, compound 8a having the chlonapgab thepara position of the phenyl ring, showed maximum
activity and this is followed by compounds 8b amy Baving fluorine and chlorine substitutionpatra andortho
positions respectively. The rest of the compoumsved mild to moderate activity.

Antifungal activity:

The antifungal activity of the substituted thiophenvas evaluated again&t niger and C. albicans, employing
miconazole nitrate as the standard drug usingupeptate method. A close examination of the Tabfefaining to

the antifungal activity data of piperidinoothiemes revealed that all the compounds in thissbage been found

to be effective againsA. niger but not againsC. albicans, when compared with the reference standard. The
antifungal activity of compounds with halogen sitbsibn was found to be more than those with etattreleasing
substituents. Of all the compounds tested, 8a hawiriorine substitution gtara position showed the maximum
activity followed by compounds 8b and 8g with flaand chloro groups gara andortho position respectively.
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Anti- inflammatory activity:

The results of anti-inflammatory activity were shown Table 3. The results clearly revealed the mittdé anti-
inflammatory activity of all these piperidinothioghes when compared with the standard drug ibupr@iéall the
compounds tested, compoundh@jving trimethoxy substitutionat®34™ and %' position on the aromatic ring of
thiophne showed maximum activity and this is folemivby compounds 8d and 8i havingp@a hydroxyl and
dimethoxy substituents at’and 4" position on the phenyl ring. The results demomsttahe necessity of electron
donating substituents on aromatic ring, as theyaroéd the activity.
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