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ABSTRACT

An efficient synthesis of two series of novel carai@ and sulfonamide derivatives of amlodipineth3des-methyl
2-(2-aminoethoxy)-4-(2-chlorophenyl)-1,4-dihydraphyme-3,5-dicarboxylate (Amlodipinel was accomplished.
Various chloroformates?(a-e) and sulfonyl chlorides4(a-e) on reaction with1l in the presence of N,N-—
dimethylpiperazineas a base in THF at 50-5% yielded the corresponding title compourifa-e)and5(a-€)in
high yields. The structures of the title compouB(ise) and 5(a-e) were established by spectrdH( *C NMR,
mass) and elemental analysi$he title compounds were screened for their antiohi@l activity against bacterial
and fungal strains and compared their activitieshwstandards like ciprofloxacin and clotrimazoleheT title
compounds exhibited moderate to high antimicrobizlvity due to the presence of different subsduunctional
groups at carbamate and sulfonamide moieties obdipine.

Key words: Amlodipine, Carbamates/Sulfonamides, N,N-dimethgepazine, antibacterial, antifungal activity.

INRTODUCTION

Carbamates are important intermediates in the sgighof compounds in pharmaceutical, medical, dgnmical
and polymer chemistry, which possess biologicalbtept properties such as inhibitors of HIV, antiam
anticonvulsants, antibacterials, antiepileptics andyme inhibitors [1-6]. Researchers focused yorthgsis of
carbamate derivatives of drugs, for example gelbiciea carbamate derivatives have potential
antimmunochemotherapeutic and its cytotoxic artylastic activity against chemotherapeutic-restsgKBr-3
mammary carcinoma [7]. Chlorphenesin carbamatevatitres were used for the treatment of pain assetiwith
skeletal muscle trauma (strains, sprains), inflatiomaspasms, or other muscular conditions [8].b@aole-linked
carbamates and thiocarbamates are inhibiting thepd@uction in LPS-activated macrophages Fenyl N'-(3-
cyclopentyloxy-2-hydroxypropyl) carbamates exhiditanti-arrhythmic and ani-hypertensive propertid®].
Piperazinyl carbamates are known to inhibit théyfatid amide hydrolase (FAAH) and transient recepbtential
(TRP) channel dual ligands (TRPV1 antagonists) .[1The substituted (2'-(1H-tetrazol-5-yl)-biphenyl#
carbamate derivatives are used as selective ansaga@f nonpeptide angiotensin Il type 1 (AT1) netoes for
treatment of hypertension [12]. The sulfonamideugra@ontaining drugs used as broad spectrum of efinth
bacteriostatic antibiotics and inhibit the gram ipes and gram negative organisms, some fungi asdain
protozoal infections [13]. They are also used a8-ilsitammatory [14], analgesic [15], antimalari§l6],
Alzheimer’s disease [17], inhibitors of t-RNA syethses [18] and anticancer agents [19] The heterocyclic
sulfonamide derivatives act as antimicrobial agemts have been transition state mimetics of pegtigkolysis,
and particularly used for potent irreversible intots of cysteine proteases [20]. The applicatiohsulfonamides
have been greatly extended to antitumor [21], hiymesgnic [22], anti-thyroid [23], anti-carbonic andnase [24],
diuretic [25], insulin releasing [26] and anti-tbyat [27]. Keeping this in view, we herein reporéthynthesis of 3-
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ethyl-5-methyl  2-(2-aminoethoxy)-4-(2-chlorophen$l}-dihydropyridine-3,5-dicarboxylate  carbamate dan
sulfonamide derivatives and evaluated their antiofi@l activity.

MATERIALS AND METHODS

Chemicals were purchased from Sigma -Aldrich, Meacikl Lancaster, and were used as such withoutefurth
purification. All solvents used for spectroscopimdaother physical studies were reagent grade and fwether
purified by literature methods [28]. IR spectra eecorded as KBr pellets on a Perkin-Elmer 288 tidiand™*C
NMR spectra were recorded on a Bruker 400 MHz NNdBctrometer operating at 400 MHz fit, 100 MHz for

3¢, were recorded in CDgand referenced to TMSH & **C) and LC-MS spectra were recorded on a Jeol SX 102
DA/600 Mass spectrometer. Elemental analyses werfenmed on a Thermo Finnigan Instrument at Uniteicf
Hyderabad, Hyderabad, India.
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Synthesis

Synthesis of 3-ethyl- 5-methyl- 2-(2-aminoethoxyj24chlorophenyl)-1,4-dihydropyridine-3,5-dicarbdade
substituted carbamat&sa-eand sulfonamide derivativém-ewas achieved in two-steps. In the first stepe frase
of amlodipine(1) was obtained from the amlodipine besylate by tregtiith N,N-dimethyl piperazine (DMP) as a
base in THF at 50-5%. The byproduct salt was removed from the reactioriure by filtration. Subsequently free
base was reacted with various chloroform&se)and sulfonyl chlorided(a-e)in the presence df,N-dimethyl
piperazineat 40-50 °C to obtain the tite compound3(a-e) and 5(a-e) in 3-4 hr. Purity of the products and
completion of the reaction was monitored by TLCngsethyl acetate: hexane (3:2). After completiontlod
reaction, DMP.HCI was separated by filtration amel $olvent was removed in a rota-evaporator andesidue was
purified by column chromatography on silica gel3R00 mesh) using hexane: ethyl acetate (2:1) atuant. The
resulting title compound3(a-e)and5(a-e)were obtained in high yields (68-80¢gcheme 1).

Spectral data

3-Ethyl 5-methyl 4-(2-chlorophenyl)-2-((2-((4-nitrgphenethoxy) carbonylamino) ethoxy) methyl)-1,4-dihgiro
pyridine-3,5-dicarboxylate (3a).

Yield 73%. mp 122-124C. vyay (KBr, cmi®): 3240 (-NH), 1748 (-C=O)}H-NMR (400 MHz, CDC}) J (ppm): 8.24
(s, 1H, Ar-NH), 7.58-6.92 (m, 5H, Ar-H), 2.12 (3bl,-CH3), 3.14 (3H, s, -OG}{ 4.16 (2H, q, -OCH), 1.42 (3H, ,
-CHy), 4.06 (2H, s, -OC}), 3.72 (2H, t, -OCH), 3.12 (2H, g, -CKNH), 5.74 (1H, t, -NH-C=0), 5.68 (2H, s, -
CH,-Ar), 7.52 (2H, d, Ar-H), 8.19 (2H, d, Ar-H}’*C NMR (100 MHz, CDG)) §: 144.5 (C-2), 102.4 (C-3), 37.2
(C-4), 109.4 (C-5), 136.8 (C-6), 19.2 (C-7), 14828), 126.4 (C-9), 127.1 (C-10), 128.4 (C-11), B28C-12),
131.6 (C-13), 167.4 (C-14), 54.3 (C-16), 167.5 (§;562.4 (C-19), 15.2 (C-20), 70.4 (C-21), 68.62%); 41.4 (C-
24), 155.4 (C-26), 65.6 (C-27), 141.2 (C-1"), 12€22"), 124.2 (C-3), 146.2 (C-4"). LC MS: m/z (%§7.17[100,
M]™, 589 [65, M+2]". Anal.cald.for GgH3,CIN3Og: C, 57.19; H, 5.14; N, 7.15; Found: C, 57.12, H95, 7.11.

3-Ethyl 5-methyl 4-(2-chlorophenyl)-2-((2-((4-nitrgphenoxy)carbonylamino) ethoxy) methyl)-1,4-dihydro
pyridine-3,5-dicarboxylate (3b).

Yield 72%. mp 132-134C. vay (KBr, cmi®): 3258 (-NH), 1720 (-C=0O)}H-NMR (400 MHz, CDC}) J (ppm): 8.16
(s, 1H, Ar-NH), 7.54-6.96 (m, 5H, Ar-H), 2.16 (3bl,-CH3), 3.18 (3H, s, -OG} 4.22 (2H, q, -OCH), 1.54 (3H,

t, -CHy), 4.15 (2H, s, -OC}), 3.64 (2H, t, -OCH), 3.24 (2H, g, -CKNH), 5.72 (1H, t, -NH-C=0), 7.58 (2H, d,
Ar'-H), 8.26 (2H, d, Ar-H). *C NMR (100 MHz, CDGJ) §: 144.2 (C-2), 101.5 (C-3), 36.6 (C-4), 109.4 (C-5),
136.2 (C-6), 19.4 (C-7), 142.6 (C-8), 127.2 (C496.9 (C-10), 128.5 (C-11), 129.2 (C-12), 131.41%); 166.2 (C-
14), 54.5 (C-16), 168.2 (C-17), 61.9 (C-19), 182820), 70.2 (C-21), 68.6 (C-23), 41.2 (C-24), 15IC26),156.2
(C-19, 122.2 (C-2'), 125.2 (C-3"), 144.5 (C-4'C IMS: m/z (%) 573 [100, Mj, 575 [65, M+2]". Anal.cald.for
C,7H,6CIN3Og: C, 56.50; H, 4.92; N, 7.32; Found: C, 56.48, H6418, 7.28.

3-Ethyl 5-methyl 4-(2-chlorophenyl)-2-((2-((2,2,2+ichloroethoxy)carbonylamino) ethoxy)methyl)-1,4-dhydro
pyridine-3,5-dicarboxylate (3c).

Yield 80%. mp 154-156C. vmax (KBr, cmit): 3236 (-NH), 1760 (-C=0)'H-NMR (400 MHz, CDC}) ¢ (ppm): 8.26
(s, 1H, Ar-NH), 7.62-6.90 (m, 5H, Ar-H), 2.24 (3b,-CH3), 3.21 (3H, s, -OG} 4.26 (2H, q, -OCh), 1.58 (3H, t,
-CHy), 4.19 (2H, s, -OC}), 3.60 (2H, t, -OCH), 3.24 (2H, q, -CKNH), 5.78 (1H, t, -NH-C=0), 5.24 (2H, s, -
OCH,). *C NMR (100 MHz, CDG)) §: 144.6 (C-2), 102.4 (C-3), 36.8 (C-4), 109.8 (CH6.6 (C-6), 19.2 (C-7),
142.8 (C-8), 127.5 (C-9), 127.2 (C-10), 128.6 (Q;1R9.6 (C-12), 131.6 (C-13), 166.6 (C-14), 54381(), 168.8
(C-17), 61.2 (C-19), 15.6 (C-20), 70.5 (C-21), 66C+23), 41.5 (C-24), 153.4 (C-26J1.2 (C-1), 96.2 (C-2)).
Anal.cald.for GsH.6Cl4sN,O7: C, 47.28; H, 4.49; N, 4.79; Found: C, 47.23, H%4 N, 4.72.

3-Ethyl 5-methyl 4-(2-chlorophenyl)-2-((2-(ethoxy arbonylamino) ethoxy)methyl)-1,4-dihydropyridine-35-
dicarboxylate (3d).

Yield 78%. mp 142-144C. vmax (KBr, cmi?): 3230 (-NH), 1756 (-C=0)'H-NMR (400 MHz, CDC}) ¢ (ppm): 8.32
(s, 1H, Ar-NH), 7.48-7.02 (m, 5H, Ar-H), 2.20 (38i,-CH3), 3.32 (3H, s, -OGJ 4.21 (2H, q, -OCbh), 1.45 (3H, t,
-CHy), 4.14 (2H, s, -OCH), 3.54 (2H, t, -OCH), 3.36 (2H, q, -CHNH), 5.78 (1H, t, -NH-C=0), 4.26 (2H, q, -
OCH,), 1.42 (3H, t, -Ch); °C NMR (100 MHz, CDGJ) 6: 144.2 (C-2), 103.2 (C-3), 36.4 (C-4), 109.6 (CH6.4
(C-6), 19.5 (C-7), 142.5 (C-8), 127.2 (C-9), 1263810), 127.8 (C-11), 129.4 (C-12), 131.2 (C-1H6D (C-14),
54.4 (C-16), 168.2 (C-17), 61.6 (C-19), 15.2 (C;20).2 (C-21), 66.5 (C-23), 40.6 (C-24), 155.6 @;51.2 (C-
1Y, 13.7 (C-2' Anal.cald.for G3H,4CIN,O;: C, 57.44; H, 6.08; N, 5.82; Found: C, 57.38, H26 N, 5. 78.

3-Ethyl 5-methyl 4-(2-chlorophenyl)-2-((2-(isobutoycarbonylamino)ethoxy)methyl)-1,4-dihydropyridine-3 5-
dicarboxylate (3e).

Yield 74%. mp 166-168C. vmax (KBr, cmi?): 3256 (-NH), 1752 (-C=0)'H-NMR (400 MHz, CDC}) ¢ (ppm): 8.28
(s, 1H, Ar-NH), 7.58-7.06 (m, 5H, Ar-H), 2.08 (3Hi,-CH3), 3.36 (3H, s, -OGJ 4.18 (2H, q, -OC}h), 1.48 (3H, t,
-CHs), 4.26 (2H, s, -OC}), 3.62 (2H, t, -OCH), 3.32 (2H, g, -CKNH), 5.80 (1H, t, -NH-C=0), 3.72 (2H, t, -
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OCH,), 1.92-1.88 (1H, m, -CH), 1.04 (6H, d, -(@. *C NMR (100 MHz, CDGJ)) d: 145.2 (C-2), 102.5 (C-3),
36.1 (C-4), 109.2 (C-5), 136.6 (C-6), 19.7 (C-B24 (C-8), 127.4 (C-9), 126.2 (C-10), 127.4 (C;1119.2 (C-12),
131.4 (C-13), 166.3 (C-14), 54.2 (C-16), 167.4 (Q;B1.2 (C-19), 15.6 (C-20), 71.4 (C-21), 66.528); 40.6 (C-
24), 152.8 (C-26)71.2 (C-1'), 26.7 (C-2"), 20.1 (C-3). LC MS: m/Mo) 508 [100, M], 410 [65, M+2]™.
Anal.cald.for GsH33CIN,O7: C, 58.99; H, 6.53; N, 5.50; Found: C, 58.92, H86M, 5.42.

3-Ethyl 5-methyl 4-(2-chlorophenyl)-2-((2-(4-nitrophenylsulfonamido)ethoxy)methyl)-1,4-dihydropyridine

3,5-dicarboxylate (5a).

Yield 75%. mp 142-144C. vy (KBr, cmi®): 3262 (-NH), 1348 (-S=O}H-NMR (400 MHz, CDC}) ¢ (ppm): 8.28
(s, 1H, Ar-NH), 7.62-7.12 (m, 5H, Ar-H), 2.12 (3bi,-CH3), 3.12 (3H, s, -OG}{ 4.25 (2H, g, -OC}), 1.58 (3H, t,
-CHy), 4.19 (2H, s, -OC}), 3.52 (2H, t, -OCH), 3.28 (2H, g, -CKHNH), 3.22 (1H, t, -NH-S©), 8.24 (2H, d, Ar'-
H), 8.42 (2H, d, Ar-H).*C NMR (100 MHz, CDGJ)) §: 143.2 (C-2), 100.6 (C-3), 35.4 (C-4), 108.2 (CB3)5.5
(C-6), 18.8 (C-7), 141.8 (C-8), 126.4 (C-9), 1268210), 127.2 (C-11), 128.5 (C-12), 130.2 (C-1354 (C-14),
54.2 (C-16), 162.4 (C-17), 62.4 (C-19), 15.6 (C; 8.1 (C-21), 68.4 (C-23), 41.6 (C-25), 152.4 (1>-128.2 (C-
2'), 124.2 (C-3"), 150.6 (C-4'). LC MS: m/z (%) 5830, M]", 595 [65, M+2]". Anal.cald.for GsH»sCIN3O,S: C,
52.57; H, 4.75; N, 7.07; Found: C, 52.52, H, 4NM07.01.

3-Ethyl 5-methyl 2-((2-(4-bromophenylsulfonamido)gtoxy)methyl)-4-(2-chlorophenyl)-1,4-dihydropyridine-
3,5-dicarboxylate (5b).

Yield 76%. mp 156-158C. vyay (KBr, cmi®): 3315 (-NH), 1352 (-S=O}H-NMR (400 MHz, CDC}) ¢ (ppm): 8.20
(s, 1H, Ar-NH), 7.56-7.02 (m, 5H, Ar-H), 2.06 (3Bl,-CH3), 3.14 (3H, s, -OG}H 4.22 (2H, q, -OCH), 1.54 (3H,
t, -CHs), 4.20 (2H, s, -OC}}, 3.56 (2H, t, -OCH), 3.22 (2H, g, -CHNH), 3.26 (1H, t, -NH-S@), 7.92 (2H, d, Ar'-
H), 8.04 (2H, d, Ar-H).*C NMR (100 MHz, CDGJ)) §: 144.5 (C-2), 101.6 (C-3), 37.2 (C-4), 107.4 (CB¥6.2
(C-6), 18.6 (C-7), 142.4 (C-8), 126.8 (C-9), 124C310), 128.4 (C-11), 128.2 (C-12), 131.5 (C-1365 (C-14),
55.4 (C-16), 163.2 (C-17), 63.5 (C-19), 16.2 (C;BH.6 (C-21), 65.6 (C-23), 41.4 (C-25), 144.2 (;5-129.4 (C-
2'), 130.4 (C-3'), 128.2 (C-4'). LC MS: m/z (%) 6R&®0, M]", 628 [98, M+2]". Anal.cald.for GgH»gBrCIN,O;S:
C, 49.73; H, 4.49; N, 4.46; Found: C, 49.68, H34 M, 4.42.

3-Ethyl 5-methyl 2-((2-(4-chloro-3-nitrophenylsulfmamido)ethoxy)methyl)-4-(2-chlorophenyl)-1,4-dihydo
pyridine-3,5-dicarboxylate (5c).

Yield 79%. mp 169-173C. vyay (KBr, cmi®): 3354 (-NH), 1375 (-S=O}H-NMR (400 MHz, CDC}) J (ppm): 8.32
(s, 1H, Ar-NH), 7.56-6.92 (m, 5H, Ar-H), 2.14 (3bl,-CH3), 3.15 (3H, s, -OG} 4.20 (2H, q, -OC}h), 1.52 (3H, t,
-CHy), 4.26 (2H, s, -OC}), 3.52 (2H, t, -OCH), 3.28 (2H, g, -CKHNH), 3.25 (1H, t, -NH-S©), 8.06 (1H, d, Ar'-
H), 8.24 (1H, d, Ar-H), 8.62 (1H, s, Ar'-HY>C NMR (100 MHz, CDG)) 6: 145.2 (C-2), 102.4 (C-3), 38.6 (C-4),
108.2 (C-5), 138.2 (C-6), 18.5 (C-7), 140.4 (CB)8.2 (C-9), 125.4 (C-10), 128.4 (C-11), 128.61@); 132.4 (C-
13), 168.2 (C-14), 55.6 (C-16), 163.4 (C-17), 6&219), 16.6 (C-20), 68.2 (C-21), 65.4 (C-23), 4(C525), 138.2
(C-1%, 134.6 (C-2Y), 130.4 (C-3'), 132.5 (C-4%612 (C-5'), 125.2 (C-6"). Anal.cald.fordEl,7CI,N30,S: C, 49.69;
H, 4.33; N, 6.69; Found: C, 49.64, H, 4.29; N, 6.62

3-Ethyl 5-methyl 4-(2-chlorophenyl)-2-((2-(4-fluorgphenylsulfonamido)ethoxy)methyl)-1,4-dihydropyridine-
3,5-dicarboxylate (5d).

Yield 70%. mp 176-178C. vpay (KBr, cmi®): 3342 (-NH), 1366 (-S=O}H-NMR (400 MHz, CDC}) ¢ (ppm): *H-
NMR (CDCk) § (ppm): 8.28 (s, 1H, Ar-NH), 7.58-6.95 (m, 5H, A)H.17 (3H, s, -CH3), 3.24 (3H, s, -OgH
4.26 (2H, q, -OCH), 1.62 (3H, t, -CH), 4.24 (2H, s, -OC}), 3.52 (2H, t, -OCH), 3.26 (2H, g, -CHNH), 3.21
(1H, t, -NH-SQ), 7.96 (2H, d, Ar-H), 7.52 (2H, d, Ar'-H):*C NMR (CDCk) 6: 144.2 (C-2), 102.4 (C-3), 37.5 (C-
4), 107.2 (C-5), 136.6 (C-6), 18.8 (C-7), 142.89)C126.6 (C-9), 124.8 (C-10), 127.6 (C-11), 12(C812), 131.2
(C-13), 166.2 (C-14), 56.2 (C-16), 164.4 (C-17),268C-19), 16.5 (C-20), 68.2 (C-21), 65.4 (C-23),3(C-25),
141.2 (C-1Y), 130.8 (C-27), 115.4 (C-3), 166.54-Anal.cald.for GeH,;Cl,FN,O;S: C, 51.92; H, 4.52; N, 4.66;
Found: C, 51.88, H, 4.48; N, 4.61.

3-Ethyl 5-methyl 4-(2-chlorophenyl)-2-((2-(trifluoromethylsulfonamido)ethoxy)methyl)-1,4-dihydropyridine-
3,5-dicarboxylate (5e).

Yield 68%. mp 181-185C. vyax (KBr, cmi®): 3328 (-NH), 1372 (-S=0OYH-NMR (400 MHz, CDC}) ¢ (ppm): 8.32
(s, 1H, Ar-NH), 7.52-6.94 (m, 5H, Ar-H), 2.15 (3bl,-CH3), 3.38 (3H, s, -OG}{ 4.42 (2H, q, -OC}), 1.68 (3H, t,
-CHy), 4.34 (2H, s, -OC}), 3.61 (2H, t, -OCH), 3.28 (2H, q, -CHNH), 3.24 (1H, t, -NH-S@. *C NMR
(100MHz, CDC}) 6: 145.2 (C-2), 103.5 (C-3), 38.2 (C-4), 108.2 (CE37.2 (C-6), 19.0 (C-7), 143.5 (C-8), 127.2
(C-9), 125.2 (C-10), 128.2 (C-11), 129.2 (C-12)4 ¥3(C-13), 167.2 (C-14), 57.2 (C-16), 166.4 (C; 4.4 (C-19),
16.7 (C-20), 69.4 (C-21), 65.6 (C-23), 41.8 (C-ZE0.2 (C-1'). LC MS m/z (%) 540 [100, M]542 [65, M+2]".
Anal.cald.for G;H..CIF;N,O;S: C, 46.63; H, 4.47; N, 5.18; Found: C, 46.58, H24M, 5.12.
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Antibacterial activity:

The compounds were assayed for antimicrobial agtagainst bacterial cultures [29]he bacteria includes Gram
positive Staphylococcus aureu& Bacillus subtili§ and Gram negative bacteri&lébsiella pneumonia&
Escherichia coli. The bacterial cultures were grown in nutriendramedia and sub cultured for the better growth
and sub cultured onto the Petri plates for the expnts. The cultures were diluted with sterilizgdine to bring
the final inoculum’s size of approximately ®:0(° CFU/mL. The compounds were diluted in acetone dathyl
ether for biological assays. The bacterial cultw@staining discs were placed on the media andbiaed at 37C
for 24 h to 72 h for better observation. The zohimbibition was measured. All the experiments weaeried out in
triplicates and the results were expressed as @bhhibition in mm. The results were compared wiltle activity
of the standard antibiotic ciprofloxacin (20 pg/mly the agar disc diffusion method, the test coumgbwas
introduced onto the disc and then allowed to diyusTthe disc was completely saturated with thedestpound.
Then the disc was introduced onto the upper lafémeomedium with the bacteria. The Petri dishesaviecubated
overnight at 37 °C for 24 hrs. Bioactivity was detened by measuring Diameter of Inhibition Zone$ZDn mm.

Antifungal activity:

The antifungal activity of the newly synthesizedmpmunds was tested against three pathogenic fuagnely
Fusarium oxysporupAspergillus nigerandAspergillus flavusby the poison plate technique [30]. Test compsund
were dissolved in acetone (10 mL) before mixingwibtato Dextrose Agar (PDA, 90 mL). The final camtcation
of compounds in the medium was fixed at 50 pg/mre€ kinds of fungi were incubated in PDA at 25€1for 5
days to get new mycelium for antifungal assay, themycelia disk of approximately 0.45 cm diametaswut from
the culture medium and it was picked up with ailsted inoculation needle and inoculated in thetoef PDA
plate. The inoculated plates were incubated at 254br 5 days. Acetone in sterilized distilled waserved as
control, while Clotrimazole (50 pg/mL) was usedoasitive control for each treatment, three replisatere carried
out. The radial growth of the fungal colonies wasasured on the sixth day. Timevitro inhibiting effects of the
test compounds on the fungi were calculated byfdhmaula CV =A-B/A, where A represents the diameaiefungi
growth on untreated PDA, B represents the diameteiungi on treated PDA, and CV represents the cdte
inhibition.

RESULTS AND DISCUSSION

The chemical structures of all the title compouB(ise)and5(a-e)were established by IRH and™*C NMR, mass
spectral data and elemental analyses and theiradatpresented in experimental sectih.bands in the regions
1720-1760 and 1340-1375 ¢nare assigned to C=0 and S=0 stretching vibratiesgectively for3(a-e)and5(a-
e). The 'H NMR spectra exhibited triplet a@ 5.80-5.72, due to carbamate N-H protamsi sulfonamide —NH
proton gave a triplet &t3.26-3.19The proton signals of Ar-H appeared as a multiplébe regiors 7.62-6.96°C
NMR chemical shifts were observed in the regboi51.2-155.6 for -NH-C=0AIl the newly synthesized title
compounds3(a-e) and 5(a-e) were screened for theamtibacterial and antifungal activities and theulsswere
compared with standard drugehe title compound8e,3d and5a, 5b, 5cexhibited good antibacterial activity due
to the carbamate and sulfonamide derivatives haftingtional groups such as isobutyl, ethyl, -NeBr and -Cl,
NO, groups. The title compounds exhibited moderateotmdgantifungal activity, the compounda, 3b, 3cand5a,
5b, 5cshowed good inhibition against fungi due to thespnce of -benzyl -NDNO,, -ClI, -NO,, -Br, and Cl, NQ
groups respectively. The sulfonamide derivativesmfodipine(5a-e) exhibitedbetter antimicrobial activity than
that of the carbamate derivativi@a-e).

Biological activity

Antibacterial activity:

The newly synthesized title compoun8&-e) and 5(a-e) were screened for their antibacterial activity. Tk
compounds were screened against the Gram postisterdaBacillus subtilisand Enterococcus faecaliand Gram
negative bacteri&lebsiella pneumoniaandEscherichia coliand ciprofloxacin is used as a reference standdrel.
activity was measured at two different concentregifor all the title compounds at 20 pg/mL and 4@mL. The
titte compounds Ja-e) and (5a-e) exhibited good inhibiting activitiesdue to the attachment of different
pharmacophoric functional groups in the carbamatesalfonamide derivatives of amlodipine. The firgsults are
presented iTable 1.[Insert Table 1]

Antifungal activity:

The title compounds3(a-e) and 5(a-e) were screened againsEusarium oxysporum, Aspergillus flaviasd
Aspergillus niger The title compounds concentration was taken Snjugand anti fungal activity was evaluated
and their activities were compared with the stadddotrimazole. The title compound3a-e) and (5a-e) showed
good antifungal activities and the results are gmé=d inTable 2. This may be due to the attachment of different
bioactive functional groups to the carbamate atitisamide derivatives of amlodipinefInsert Table 2]
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Table 1.Antibacterial activity of carbamate and sulfonamidederivatives of amlodipine (3a-e) and (5a-e).

Compound  Staphylococcus  Bacillus Klebsiella Escherichia
aureus subtilis pneumoniae coli
Concentration 20 40 20 40 20 40 20 40
(Hg/mL)
3a 4 8 5 12 8 11 6 13
3b 5 10 4 8 6 14 5 8
3c 5 12 6 12 5 12 8 10
3d 7 14 7 16 5 10 7 16
3e 8 18 6 12 8 13 8 18
5a 12 20 8 18 5 12 10 19
5b 8 14 6 14 4 12 6 12
5c 5 10 8 17 6 13 6 12
5d 4 9 5 9 6 10 6 10
5e 4 8 4 8 5 9 5 12
Ciprofloxacin
(20 pg/mL) 22 24 - 25 22

Table 2. Anti fungal activity carbamate and sulfonanide derivatives of amlodipine (3a-e) and (5a-e).

Compound®  Fusarium oxysporum  Aspergillus flavus  Aspergillusger

3a 11.4 10.2 11.0
3b 11.8 12.2 13.8
3c 125 12.2 10.5
3d 14.8 12.7 12.4
3e 12.0 16.0 14.8
5a 155 16.6 15.2
5b 6.4 5.2 8.5
5¢ 5.6 5.8 13.6
5d 6.8 5.7 6.6
5e 5.0 4.8 4.2
Clotrimazole 17.3 16.7 18.2
(50 pg/mL)

& Concentration 50 pg/mL.

CONCLUSION

The synthesis of carbamafga-e)and sulfonamid€5a-e) derivatives of 3-ethyl 5-methyl2-(2-aminoethoxyj2+
chlorophenyl)-1,4-dihydropyridine-3,5-dicarboxylatemlodipine) was accomplished high yields. Theictires
were established by elemental analysis and spetital(IR,'H, *C and LC- mass). The title compourgis 3d and
5a, 5b, 5cexhibited high antibacterial activity ala, 3b, 3cand5a, 5b, 5cshowed good antifungal activities when
compared to reference standards like Ciprofloxacith Clotrimazole.
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