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ABSTRACT

A number of new substituted tetrazole and theirdmide derivatives as well as the correspondingasitydrazone
derivatives were synthesized and tested for thefimacrobial activity against Bacillus subtilis (@m-positive),
Pseudomonas aeruginosa (Gram-negative), and Stremtes species (Actinomycetes) and antifungal 8ctivi
against four fungal strains namely, Aspergillus vila, Aspergillus fumigates, Penicillium marneffeida
Trichophyton mentagrophytes. The synthesized comigadisplayed different degrees of antimicrobidl\aty.

Key Words: Tetrazoles, Thiadiazoles, Sugar hydrazones, Aatohial activity, Antifungal activity.

INTRODUCTION

The problem of multi-drug resistant microorganishnas reached on alarming level around the world fandhe
treatment of microbial infections; the synthesisnefw anti-infectious compounds has become an urgeet.
Tetrazole ring containing compounds representngpoitant class of heterocyclic nitrogen compounals$ geir
derivatives are characterized with a broad spectofimbiological activity in both agrochemical, cdoration
chemistry, explosives, and pharmaceutical field®][15-Substituted 1,2,3,4-tetrazoles are reported t9s¢®s
antibacterial [3,4], antifungal [5], antiviral [g,7Analgesic [8,9], anti-inflammatory [10,11], amiter [12,13],
anticonvulsant [14], anticancer [15], antidiabetic [16], hypoglycemic [17], antiproliferative [18], and
antihypertensive [19] activities. The tetrazolediion is metabolically stable [20] this feature andlose similarity
between the acidic character of the tetrazole gemgcarboxylic acid group [21] have inspired magitchemists
to synthesize substituted tetrazoles as potentalicinal agents. Also 1,3,4-Thiadiazole ring camta compounds
have biological activity in both agrochemical antthpmaceutical fields. Many 1,3,4-thiadiazoles daiixes have
been used as “privileged” scaffolds to produce wutzes of interest in numerous therapeutic aready as anti-
inflammatory [22], antimicrobial [23], anticonvulsa [24], and antihypertensive [25]. Furthermore3,4;
thiadiazoles exhibit broad spectrum of biologicztiaties, possibly due to the presence of toxoahbisC,S moiety
[26]. They find applications as antibacterials, antitunaments, pesticides, herbicides, dyes, lubricaats)
analytical reagents [27]. Several megazol analotpeésnging to a new class of 1,3,4-thiadiazolesgkgdrazone
derivatives have been previously designed and sgizld as attractive antichagasic drug candid@®&ls $everal
2,5-disubstituted-1,3,4-thiadiazole derivatives][2%ave been shown to possess potential antibattactivity, a
new series of N-substituted piperazinyl quinolocasrying a 5-(1-methyl-5-nitro-2-imidazolyl)-1,3thiadiazole
moiety were designed and synthesized as potemtidlegterial agents [30].
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Owing to the above facts and as continuation of gnagram of identification of new active leads tmaay be
valuable in designing new, potent, selective asd texic antimicrobial agents [31,3#]e present work reports the
synthesis and antimicrobial activity of new sulsé&t 1,3,4-thiadiazole derivatives and 5-phenyhisile sugar
hydrazone.

MATERIALS AND METHODS

Synthetic methods, analytical and spectral data

Melting points were determined using a Biichi appadR spectra (KBr) were recorded with a Bruker-Ve2ir
instrument (Bruker, Bremen, Germany). 1H-NMR speeatere recorded with a Varian Gemini spectromete30&x
MHz with TMS as internal standard. Chemical shifesrereported ind scale (ppm) relative to TMS as a standard,
andthe coupling constants (J values) are given inElzmassspectra were recorded with a HP D5988 A 1000 MHz
instrument(Hewlett-Packard, Palo Alto, CA, USA). Elementalabises (C, H and N) were carried out at the
Microanalytical Center of Cairo University, Gizagypt. The elemental analyses were found to agaeerébly
with the calculated values. The progress of theti@as was monitored by TLC using aluminum silied plates 60
F245. 5-benzyl-B-tetrazole(2) [33] was prepared according to the reported proesdur

Chemistry

General procedure for the synthesis of compounds 3 and 4

To a well stirred solution of the tetrazol derivat? [33] (1.60 g, 10 mmol) and potassium hydroxide (0g5@.0
mmol) in absolute ethanol (15 ml) was added to I8rcipropane-1,2-diol or 2-(2-chloroethoxy)ethantd (mmol).
The solution was heated under reflux with stirrfog 5 h. The solvent was removed under reducedspresand
ether (20ml) was added to afford a precipitate Winas crystallized from ethanol to gi8eor 4 respectively.
3-(5-benzyl-2H-tetrazol-2yl)propane-1,2-di8)

Yield 82%, mp 115-118C; IR (KBr, cm®): 3430 (OH), 1658 (C=N)}H-NMR (300 MHz, DMSOdg): 5 3.61 (m,
1H, CH), 3.88-4.30 (m, 4H, 2GH 4.11 (s, 2H, Ch), 4.52 (m, 2H, 20H), 7.22-7.35 (m, 5H, Ar-H) ppEI:MS:
m/z234 [M']; Anal. Calcd. For ¢H14N4O,; C, 56.40; H, 6.02; N, 23.92. Found: C, 56.426H2; N, 24.11.
2-[2-(5-benzyl-2-H-tetrazol-2yl)ethoxy]ethan(dl

Yield 85%, mp 117-118C; IR (KBr, cnil): 3450 (OH), 1660 (C=N)YH-NMR (300 MHz, DMSO€): § 3.51-3.92
(m, 4H, 2CH), 4.12 (s, 2H, Ch), 4.96 (1H, m, OH), 5.27 (t, 2H,= 6.2 Hz, CH), 5.57 (t, 2H,J = 6.2 Hz, CH),
7.20-7.34 (m, 5H, Ar-H). EI-MSm/z248 [M]; Anal. Calcd. For GH;6N,O,; C, 58.05; H, 6.50; N, 22.57. Found:
C, 58.15; H, 6.55; N, 22.61.

Ethyl-2-(5-benzyl-2H-tetrazol-2-yl)aceta®

Compound? (1.60 g, 0.01 mol) was dissolved in a solutiorsadium (0.01g. atom) in 350 ml. of absolute ethanol
The solution was stirred at reflux and the ethypliboacetate (1.6 ml, 0.01 mol) was added in portidhe refluxing
was continued for 15 h. The reaction mixture wasntfiltered hot and concentrated under reducesspre. The
crude product was filtered and crystallized frogueous ethanol. Yield 86%, mp 63-8%; IR (KBr, cm'): 1716
(CO), 1241 (N-N=N-), 1160 (tetrazole ring) ¢mH-NMR (300 MHz, DMSO#ds): 1.21 (t, 3H,J = 7.2 Hz, CH), &
4.32- 5.95 (s, 4H, 2CH 4.20 (q, 2HJ = 7.2 Hz, CH) and 7.22-7.35 (m, 5H, Ar-H) ppm; EI-M&V/z 246 [M;
Anal. Calcd. For gH14N,O,: C, 58.52; H, 5.50; N, 22.75. Found: C, 58.08453; N, 22.79.
2-(5-benzyl-2H-tetrazol-2-yl)acetohydrazid®. (

Ethyl acetateés (2.46 g, 0.01 mol) and 99% hydrazine hydrate (0009, in 100 ml. of ethanol, was reflux for 8 h.
The reaction mixture was concentrated and coolecdrystallize out hydrazide. The hydrazide wasféd and
recrystallized from ethanol. Yield 90%, mp 110-PC1 IR (KBr, cm?): 3316 (NH), 3205 (Nk), 1620 (CON), 1284
(N-N=N-), 1143 (tetrazole ring) cm *H-NMR (300 MHz, DMSOd): & 4.45 (brs, 2H, Nb), 4.33-5.83 (s, 4H,
2CH,), 7.22-7.35 (m, 5H, Ar-H), 9.65 (brs,1H, NH), ppBi-MS: m/z 250 [M]; Anal: Calcd. For GoH1,NgO: C,
48.01; H, 5.21; N, 36.18. Found: C, 47.58; H, 5N036.20.

Sugar-2-(5-benzyl-2H-tetrazol-2-yl)acetohydrazide 7-9
General procedurd:o a well stirred solution of the monosaccharife® (1.8 g, 10 mmol) in water (2ml), and glacial
acetic acid (0.3 ml) was added 2-(5-benzyl-2H-tmil2-yl)acetohydrazidés), (2.50 g, 10 mmol) in ethanol (15 ml
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). The mixture was heated under reflux for 3h tkesufting solution was concentrated and left to cddle
precipitate formed was filtered off, washed withtevraand ethanol, then dried and crystallized frénaeol.
D-Gulocose2-(5-benzyl-2H-tetrazole-2-yl)acetylhyuinae(7)

Yield 85%, mp 130-13£C; IR (KBr, cm): 3450-3380 (OH), 3150 (NH), 1620 (C=N), 1138 r@eble ring);'H-
NMR (300 MHz, DMSO¢): & 3.32 (m, 2H, H-6', H-6"), 3.36 (m, 1H, H-5), 4.em, 1H, H-4"), 4.35 (m, 1H, H-3),
4.41 (t, 1HJ = 5.8 Hz, H-2'), 4.61 (s, 2H GH 4.90 (m, 1H, OH), 4.96 (d, 1K,= 6.3 Hz, OH), 5.21 (m, 1H, OH),
5.35 (t, 1HJ = 4.5 Hz, OH), 5.44 (t, 1Hl = 4.5 Hz, OH), 5.76 (s, 2H, GH 7.22-7.35 (m, 5H, Ar-H), 8.96 (d, 1H,
J=7.8 Hz, H-1"), 9.61 (s, 1H, NH) ppm; EI-M&7z394 [M']; Anal. Calcd. For ¢HxNgOs: C, 51.77; H, 5.60; N,
21.31. Found: C, 51.77; H, 5.51; N, 21.32

D-Galactose2-(5-benzyl-2H-tetrazole-2-yl)acetylrgabneg(8)

Yield 87%, mp 132-133C; IR(KBr, cm®): 3440-3370 (OH), 3300(NH), 1577(C=N), 1140 @etl ring);*"H-NMR
(300 MHz, DMSO#dg): 6 3.31 (m, 2H, H-6', H-6"), 3.35 (m, 1H, H-5"), 2.@n, 1H, H-4"), 4.34 (m, 1H, H-3"), 4.42
(t, 1H,J = 5.8 Hz, H-2"), 4.60 (s, 2H Gl 4.91 (m, 1H, OH), 4.95 (d, 1H,= 6.3 Hz, OH), 5.20 (m, 1H, OH), 5.34
(t, 1H,J = 4.5 Hz, OH), 5.45 (t, 1H] = 4.5 Hz, OH), 5.76 (s, 2H, GH 7.21-7.34 (m, 5H, Ar-H), 8.96 (d,1H,=
7.8 Hz, H-1"), 9.61 (s, 1H, NH) ppm; EI-M$&1/z394 [M]; Anal. Calcd. For ¢H,,NgOs: C, 51.77; H, 5.60; N,
21.31. Found: C, 51.78; H, 5.52; N, 21.30.

D-Mannose 2-(5-benzyl-2H-tetrazole-2-yl)acetylhyuinae(9)

Yield 80%, mp 135-136C; IR(KBr, cni'): 3423-3380 (OH), 3220 (NH), 1138 (tetrazol ring570 (C=N).'H-
NMR (300 MHz, DMSOs): 6 3.30 (m, 2H, H-6', H-6"), 3.34 (m, 1H, H-5"28.(m, 1H, H-4"), 4.34 (m, 1H, H-
3", 4.40 (t, 1HJ = 5.8 Hz, H-2"), 4.60 (s, 2H GH 4.92 (m, 1H, OH), 4.95 (d, 1H,= 6.3 Hz, OH), 5.20 (m, 1H,
OH), 5.36 (t, 1HJ = 4.5 Hz, OH), 5.45 (t, 1H] = 4.5 Hz, OH), 5.77 (s, 2H, GN 7.22-7.35 (m, 5H, Ar-H), 8.95
(d,1H,J = 7.8 Hz, H-1), 9.62 (s, 1H, NH) ppm; EI-MBvz 394 [M]; Anal. Calcd. For GHxNgOg: C, 51.77; H,
5.60; N, 21.31 . Found: C, 51.69; H, 5.58 N, 21.29.

O-Acetylsugar 2-(5-benzyl-2H-tetrazole-2-yl)acetylhydrazone (10-12)

General procedurelo a solution of sugar hydrazofe9 (3.94 g, 10 mmol) in pyridine (7ml) was added aceti
anhydride (1 g, 10 mmol) was stirred at room terapee for 8 h. The resulting solution was pouredmnrushed
ice, and the product that separated out was filterf, washed with a solution of sodium hydrogemboaate
followed by water and then dried. The products weggystallized from ethanol.

2,3,4,5.6-Penta-O-acetyl-D-gulocopentitolyl-2-(5akgl-2H-tetrazole-2-yl)acetylhydrazo(E0)

Yield 75%, mp 109-116C; IR (KBr, cm'): 3310 (NH), 1720 (C=0), 1680 (CON), 1615 (C=N)38 (tetrazol
ring); "H-NMR (300 MHz, DMSOd): 6 1.97-2.44 (s, 15H, 5Cj 3.95 (dd, 1H,) = 11.2, 2.8 Hz, H-6"), 4.11 (dd,
1H,J=11.2, 3.2 Hz, H-6"), 4.34 (m, 1H, H-5), 4.361H,J = 7.5 Hz, H-4"), 4.61 (s, 2H, GH 5.15 (dd, 1H, =
3.4, 7.5 Hz, H-3), 5.26 (t, 1H,= 7.8 Hz, H-2"), 5.76 (s, 2H, GH 8.95 (d,1HJ = 7.8 Hz, H-1"), 7.22-7.34 (m, 5H,
Ar-H), 9.59 (brs, 1H, NH) ppnEI-MS: m/z604 [M]; Anal. Calcd. For GgH3,NgOy;: C, 51.65; H, 5.34; N, 13.90.
Found: C, 51.75; H, 5.23; N, 13.96.

2,3,4,5.6-Penta-O-acetyl-D-galactopentitolyl-2-(&rzyl-2H-tetrazole-2-yl)acetylhydrazorigl). Yield 69%, mp
112-113°C; IR (KBr, cm'): 3315 (NH), 1720 (C=0), 1712 (C=N), 1667 (CON)140 (tetrazol ringfH-NMR
(300 MHz, DMSO¢): 6 1.95-2.45 (s, 15H, 5CH 3.96 (dd, 1H,) = 11.2, 2.8 Hz, H-6"), 4.13 (dd, 1817 11.2, 3.2
Hz, H-6"), 4.33 (m, 1H, H-5", 4.35 (t, 18I~ 7.5 Hz, H-4"), 4.62 (s, 2H, G{ 5.17 (dd, 1HJ = 3.4, 7.5 Hz, H-3"),
5.27 (t, 1HJ = 7.8 Hz, H-2"), 5.77 (s, 2H, GH 8.94 (d,1HJ = 7.8 Hz, H-1"), 7.22-7.34 (m, 5H, Ar-H), 9.61 gbr
1H, NH) ppm;EI-MS: m/z604 [M]; Anal. Calcd. For gH3,NgOq:: C, 51.65; H, 5.34; N, 13.90. Found: C, 51.67;
H, 5.38; N, 13.93.

2,3,4,5.6-Penta-O-acetyl-D-mannopentitolyl-2-(5-b@r2H-tetrazole-2-yl)acetylhydrazon¥2y.

Yield 65%, mp 114-118C; IR (KBr, cm®): 3331 (NH), 1715 (C=0), 1660 (CON), 1710 (C=M}38 (tetrazol
ring). *H-NMR (300 MHz, DMSO¢): 6 1.95-2.46 (s, 15H, 5Gj{ 3.96 (dd, 1H,) = 11.2, 2.8 Hz, H-6'), 4.09 (dd,
1H,J=11.2, 3.2 Hz, H-6"), 4.31 (m, 1H, H-5), 4.341H,J = 7.5 Hz, H-4"), 4.60 (s, 2H, GH 5.18 (dd, 1H,) =
3.4, 7.5 Hz, H-3), 5.27 (t, 1H,= 7.8 Hz, H-2"), 5.76 (s, 2H, GH 8.97 (d,1HJ = 7.8 Hz, H-1"), 7.22-7.35 (m, 5H,
Ar-H), 9.60 (brs, 1H, NH) ppnEIl-MS: m/z604 [M]; Anal. Calcd. For gH3,NgO,1: C, 51.65; H, 5.34; N, 13.90.
Found: C, 51.68; H, 5.35; N, 13.89.
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2-phenylacetimidohydrazidé&g3).

A solution of the nitrile derivativd (1.47 g, 10 mmol), hydrazine hydrate (10 mmolgthanol was heated under
refluxed for 7 h. The solvent was removed undeuced pressure. The remaining precipitate was deliedried,
and recrystallized from ethanol to afford the ammmel3. Yield 77%, mp 66-67C; IR (KBr, cm®): 3415 (NH),
3120 (NH), 1630 (C=N)*H-NMR (300 MHz, DMSO¢k): & 4.64 (s, 2H, Ch), 7.62 (bs, 2H, Nk), 9.23-9.42 (bs,
2H, 2NH), 7.22-7.35 (m, 5H, Ar-H). EI-MSn/z149 [M']; Anal. Calcd. For gHy;Ns; C, 64.40; H, 7.43; N, 28.16.
Found: C, 64.52; H, 7.51; N, 28.25.

5-(benzyl-3-yl)-1,3,4-thiadiazol-2-thiol4).

To a solution of compoundi3 (1.49 g, 10mmol) in methanol (15ml) was added @arbdisulfide (15mmol). The
solution was heated under reflux with stirring #rh. The solvent was concentrated under reduasspre and left
overnight at 5C. The resulting precipitate was filtered off, wadhwith cold ethanol and crystallized from ethanol
to afford the thiadiazole derivative4. Yield 79%, mp 284-285C; IR (KBr, cm'): 3440 (SH), 1612 (C=N)}H-
NMR (300 MHz, DMSO+dg): 6 3.85 (s, 2H, Ch), 7.22-7.35 (m, 5H, Ar-H), 14.91 (s, 1H, SH). EBMmM/z 208
[M*]; Anal. Calcd. For GHgN,S,; C, 51.89; H, 3.87; N, 13.45. Found: C, 52.00;3H9; N, 13.50.

General procedurefor the synthesis of compounds 15and 16.

To a well stirred solution of the thiadiazole dative 14 (2.08 g, 10 mmol) and potassium hydroxide (0.560y,
mmol) in absolute ethanol (15 ml) was added to I8+cipropane-1,2-diol or 2-(2-chloroethoxy)ethantd (nmol).
The solution was heated under reflux with stirfog 11 h. The solvent was removed under reducesspre and
ether (20ml) was added to afford a precipitate Wiias recrystallized from ethanol to gil® or 16 respectively.
3-[5-(benzyl-3-yl)-1,3,4-thiadiazol-2-ylthio]proparl,2-diol 5).

Yield 83%, mp 294-295C; IR (KBr, cm?): 3420 (OH), 1630 (C=N)}H-NMR (300 MHz, DMSOd):  3.61 (m,
1H, CH), 3.88-4.30 (m, 4H, 2G}H 4.11 (s, 2H, Ch), 4.52-4.72 (m, 2H, 20H), 7.22-7.35 (m, 5H, Ar-pm; EI-
MS: m/z 282 [M]; Anal. Calcd. For GH1/N,S,0,; C, 51.04; H, 5.00; N, 9.92. Found:C, 51.15; 5d1; N,
10.01.

2-{2-[5-(benzyl-3-yI)-1,3,4,-thiadiazol-2-ylthioJebxy}ethanol 16).

Yield 71%, mp 287-288C; IR (KBr, cm): 3442 (OH), 1620 (C=N}H-NMR (300 MHz, DMSOds): & 3.92-3.51
(m, 4H, 2CH), 4.12 (s, 2H, Ch), 4.96 (1H, m, OH), 5.27 (t, 2H, J = 6.2 Hz, §+6.57 (t, 2H, J = 6.2 Hz, Gi
7.22-7.35 (m, 5H, Ar-H) ppm; EI-MSn/z296 [M]; Anal. Calcd. For @H¢N,S,0,; C, 52.68; H, 5.44; N, 9.45.
Found: C, 52.70; H, 5.41; N, 9.54

Pharmacological evaluation

Antibacterial activity

The synthesized compounds were tested for theimambbial activity against three microorganismsidathe
minimal inhibitory concentrations (MICs) of the ted compounds were determined by the dilution netho

Bacterial strains were supplied, nam8igcillus subtilis(ATCC 6633) (Gram-positive) Pseudomonas aeruginosa
(ATCC 27853) (Gram-negative) ar@treptomyces speci€dctinomycetes). The bacterial strains were maieih
on MHA (Mueller - Hinton agar) medium (Oxoid, Cheral Co.) for 24 h at 37°C. The medium was molteraon
water bath, inoculated with 0.5 mL of the cultufdte specific microorganism, and poured into &dfietri dishes
to form a layer of about 3-4 mm. The layer wasvadld to cool and harden. With the aid of cork-boremps of
about 10 mm diameter were produced [34].

Agar diffusion technique

Antibacterial activities were tested against Basillsubtilis (Gram-positive), Pseudomonas aerugin@ram-
negative) and Streptomyces species (Actinomycetsislg MH medium (17.5 g casein hydrolysate, 1.Digtde
starch, 1000 mL beef extract). A stock solutioreath synthesized compound (500 pg/mL) in DMSO wepgred
and incorporated in sterilized liquid MH medium.fflBient concentrations of the test compounds in Divdre
placed separately in cups in the agar medium. Klles were incubated at %7 overnight. The inhibition zones
were measured after 24 h. The minimum inhibitorgaamtration (MIC) was defined as the intercepthef grave of
logarithm concentrations versus diameter of théitibn zones [35].
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h \
N_~.N

Scheme 1. Synthetic route of compounds 2-6.
Table 1. Minimum inhibitory concentrations (MIC-pg/mL) of the title compounds Negative control DMSO, o activity

Compound Gram positive ~ Gram negative Actinomycetes
Bacillus subtilis Pseudomonaaseuginosa Streptomyces Species

2 125 75 100

3 75 10C 75

4 75 100 75

5 100 100 125

6 12t 12t 10C

7 75 100 75

8 75 100 75

9 75 100 75

10 100 100 75

11 100 100 75

12 100 100 75

13 125 100 250

14 125 250 125

15 100 100 75

16 100 100 75
Penicillin 31 45 34

#Totally inactive (MIC > 500 pg/mL
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Scheme 2. Synthetic route of compounds 7-12.

R

N

10-12

Table 2. Antifungal activities of the synthesizedampounds (zone of inhibition in mmMIC in mg/mL given in parenthesis).

Compound T. mentagrophytes P. marneffei A. flavus . fufnigatus
2 <10 (50 <10 (50 <10 (50 <10 (50
3 16 (12.5) 16 (12.5) 13 (12.5) 12 (12.5)
4 17 (12.5) 17 (12.5) 15 (12.5) 13 (12.5)
5 <10 (50 <10 (50 <10 (50 <10 (50
6 <10 (100) <10 (100) <10 (100) <10 (100)
7 23 (6.25) 22 (6.25) 20 (6.25) 22 (6.25)
8 22 (6.25) 23 (6.25) 21 (6.25) 20 (6.25)
9 22 (6.25) 23 (6.25) 20 (6.25) 21 (6.25)
10 <10 (50) <10 (50) <10 (50) <10 (50)
11 <10 (50) <10 (50) <10 (50) <10 (50)
12 <10 (50) <10 (50) <10 (50) <10 (50)
13 <10 (100) <10 (100) <10 (100) <10 (100)
14 <10 (50) <10 (50) <10 (50) <10 (50)
15 22 (6.25) 21 (6.25) 20 (6.25) 20 (6.25)
16 21 (6.25) 23 (6.25) 21 (6.25) 22 (6.25)
Itraconazole 23 (6.25) 24 (6.25) 21 (6.25) 22 (6.25)

# MIC: Minimum inhibitory concentration
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,NYSH

N
H,N.<
NH,NH, H,0 “TNH s
272 NH CS,/MeOH
_

EtOH/reflux reflux
1 13 14

RCI/EtOH/KOH s
reflux

15, R= /\/\OH

OH
16,R= /\/O\/\OH

O

CN

Scheme 3. Synthetic route of compounds 13-16.

Antifungal activity

We have also investigated newly synthesized congmdar their antifungal activity against four fuhgdrains
namely, Aspergillus flavus(NCIM No0.524), Aspergillus fumigatedNCIM No. 902), Penicillium marneffei
(recultured) andTrichophyton mentagrophytegecultured). Sabouraud agar media was preparedisgsplving
pepton (1.0 g), D-Glucose (4.0 g) and agar (2.ix gjerile water (100 mL) and the pH was adjuste8.7. Normal
saline was use to make a suspension of sporesigélfstrain for lawning. A loopful of particularrigal strain was
transferred to 3 mL of saline to get suspensiosarfesponding species. Agar media of 20 mL was qubim to
each petri dish. Excess of suspension was decantkthe plates were dried by placing them in anbator at 37
°C for 1 h. Using an agar, punch wells were madthese seeded agar plates, from 6.25 pg/mL to 10Qlugf the
test compounds in DMSO was added in to each labdisd Controls were run using DMSO at the same
concentration as used with the test compounds.péhé dishes were prepared in triplicate and maiethat 37°C
for 3 to 4 days. Antifungal activity was determinieg measuring the diameter of the inhibition zo86,87]. The
results of these studies was given in table 2 andpared with the standard Itraconazol drug.

RESULTS AND DISCUSSION

The synthetic procedures adopted to obtain theetacgmpounds are depicted in Scheme3 5-benzyl-H-
tetrazole(2) [33]. react with 3-chloropropane-1,2-diol or 2¢Rloroethoxy)ethanol using potassium hydroxides in
refluxing ethanol to giv8, 4in yield 82-85% respectively. Alkylation of the cpound2 usingethyl bromoacetate
in refluxing ethanol containing sodium ethoxideoaffed Ethyl-2-(5-benzyl42-tetrazol-2-yl)acetat€5) in good
yield. Compound5 was treated with hydrazine hydrate in absolute rethto yield 2-(5-benzyl-R-tetrazol-2-
yl)acetohydrazid¢6) (Scheme 1).

The structures suggested for all compounds 3-6nageod agreement with their analytical and speciopic data.

IR spectrum of compounds 3-6 showed the presencharfacteristic absorption bands at 3430, 32056,17138,
cm® corresponding to OH, NH C= O, tetrazol ring respectiveBH-NMR spectra of compoundsand4 showed
the proton of OH ad 4.52-4.96 ppm, compourigishowed triplet signals at 1.21 ppm, and quartgieds at> 4.20
ppm assignable to ethyl group in addition singiegle atd 5.95 ppm assignable to methylene group while the
spectra of compoun@ showed two PO exchangeable singlet signals assignable for aytagroup ab 9.95, 4.45
ppm, and signals of ethyl group is absent, in &dito the signals of the protons of aromatic ringhe ranged
7.22-7.35 ppm and singlet signal&B.91for CH. Mass spectrum showed the signal of the moledalampeak
which is in agreement with the molecular formula.
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When the hydrazidé was allowed to react with D-gulcose, D-galactosel B-mannose in an aqueous ethanolic
solution and a catalytic amount of acetic acid,dbgesponding sugar hydrazono derivative$were obtained in
80-85% yields. The structures of these compound wenfirmed by IR!H-NMR and mass spectra. The IR
spectra of compounds-9 showed the presence of characteristic absorptiod corresponding to the hydroxyl
groups in the region 3380-3420 ¢mThe'H-NMR spectra showed the signals of the sugar chaitons ab 3.32-
3.58 ppm, and the C-1 methine proton as doubliétemange 7.82-7.96 ppm.

Acetylating of 7-9 with acetic anhydride in pyridine at room temperat afforded the corresponding pe+-
acetylated derivatived0-12 in 65-75 % yields (Scheme 2). The IR spectra ofmpounds10-12 showed
characteristic absorption bands at 1660-1680 @md 1715-1720 crhcorresponding to the carbonyl amide and the
carbonyl ester groups, respectively. TieNMR spectra showed the signals of iBeacetyl-methyl protons as
singlets in the rangé 2.44-2.49 ppm. In additional mass spectrum shothedsignal of the molecular ion peak
which is in agreement with the molecular formula.

2-phenylacetimidohydrazidel) was prepared in 77% yield from reaction betwegrh@nylacetonitrile ) and
hydrazine hydrate in refluxing ethanol. Compout®iwas reacted with carbon disulfide in methanol eftux
temperature to afford the 5-benzyl-1,3,4-thiadig2zthiol (14) in 79% yield. Compound4 was allowed to react
with 3-chloropropane-1,2-diol or 2-(2-chloroethosthanol in the presence of potassium hydroxidetharel at
reflux temperature, the correspondif@substituted acyclic nucleoside analogues and 16 were obtained
respectively in 83% and 71 % yield (Scheme 3).

The structure of compounds3-16 was investigated qualitatively by elemental andcsml analysis (IR:HNMR,
and MS). IR spectrum of compouri8 revealed the disappearance of the CN group arndaidscharacteristic
absorption bands for the Nldnd NH groups appeared at 3415-3120 cfiso, *H-NMR spectrum of compount3
showed the NElgroup as singlet & 7.62 ppm, and the NH group signals5e8.23-9.42 ppm. The mass spectrum
showed the signal of the molecular ion peak atfb4%he molecular formula df3. The IR spectrum of compound
14 showed characteristic absorption bands for theaBH# C=N groups appeared at 3440, 1660".ctH-NMR
spectrum showed the SH group as singleb &t4.91 ppm. The IR spectra for compourids 16 showed
characteristic absorption bands correspondingedH and at 3420-3442H-NMR spectrum ofL5 and16 revealed
the presence of the hydroxyl groupdat.72- 4.96 ppm respectively, in additional to #signals protons of aromatic
ring in the rangeé 7.22—-7.35 ppm, andl4.11 for CH group. The mass spectrum for compoubiisl 6 showed the
signal of the molecular ion peak which is in agreatrwith the molecular.

Antimicrobial Activity

The synthesized compounds were evaluated for #mtimicrobial activity against three microorganismacillus
subtilis(ATCC 6633) (Gram-positiveRseudomonas aerugino$aTCC 27853) (Gram-negative) afdreptomyces
species (Actinomycetes). The values of minimal bitbry concentrations (MICs) of the tested compauade
presented in Table I. The MIC values of the mosivaccompounds were in accordance with the resiitained in
the primary screening.

The result revealed that compounds showed varyegyeds of inhibition against the tested microorgrasi In
general, compound displayed the highest inhibition activity agaifsteudomonas aeruginosédth MIC value of
75 pg/mL. Compounds, 4, 7, 8and9 displayed the highest activity with MIC value 7§/piL at least against two
of the microorganism under test. Compouffis11, 12, 15and 16 displayed the highest inhibition activity against
SreptomyceSpeciesalso with MIC value of 75 pg/mL. Some of the otlkempounds revealed moderate activity
while others revealed little.

Antifungal activity

Compounds2, 5, 11, 12 and 13 were less active against all the four fungal eganamely,Aspergillus flavus
Aspergillus fumigatesenicillium marneffeandTrichophyton mentagrophyte©n the other hand compoundss,

9, 15 and16 showed most antifungal activity against all tharféungal strains. The compounfisand 13 were
found to have very less active against four furggglanisms. Compound® and4 were showed good antifungal
activity against four fungal organisms
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Structure Activity Relationship (SAR) Studies

The antimicrobial activity results and structureidty relationship indicated that the attachmehtaoyclic sugar
moieties to tetrazole ring system resulted in iasee of antimicrobial activity. Furthermore, the tazbnes
incorporating free hydroxyl sugar chains showedhéigactivity than the corresponding acetylated agsal In
addition, the acycli€-nucleoside analogue attached to the tetrazolediasged high inhibition activity.

CONCLUSION

In conclusion, the antimicrobial screening sugdhat all the newly synthesized compounds showedenztdo
good activity against the tested organisms. Amdmgnewly synthesized compoungs4, 7, 8 and9 showed the
most promising antibacterial and antifungal acyivitlence the fact that the compounds preparedisnstady are
chemically unrelated to the current medication, gasts that further work with similar analogues Isady
warranted.

REFERENCES

[1] P. Rhonnstad, D. Wensbbetrahedron Lett2002 43, 3137.

[2] F. Ek, L.-G. Wistrand, T. Frejd,etrahedror2003 59, 6759.

[3] N. Umarani, K. llango, K.S. Narendiaer Pharma Chemic&01Q 2, 159-167.

[4] N. Hari Patil, Syed S. Dhayanithi Varadaraji, Venkat Suban, K. Ramasamy, Jai Sankarb K. G. Kdib&n, K.
Suchetha Raguramafyg. Commun201Q 3, 45-56.

[5] B. Popat Mohite, H.; Vaidhun B.he electronic J. Cher@01(Q 2, 311-315.

[6] K.C. Tsov, H.C.F. Su). Med. Chem1963 6, 693-699.

[7] V.C. Bary, M.C. Conalty, J.P. O’Sllivan, Dwbmey, Chemother. Proc. 9th Int. Con§®.77, 8, 103-104.

[8] A. Rajasekaran, P.P. Thampijr. J. Med. ChenR004 39, 273-279.

[9] K.D. StewartBioorg. Med. Cheml998 50, 529-536.

[10] S.M. Ray, S.C. Lahirind. Chem. Sad 99Q 67, 324-326.

[11] M. Uchida, M. Komatsu, S. Morita, T. Kanbe Yamasaki, K. Nakagaw&hem. Pharm. Bulll989 37, 958—
961.

[12] I. Ueda, K. Ishii, K. Sinozaki, M. Htanak&hem. Pharm. Bulll991], 39, 1430-1435.

[13] Xian-Yu Dun, Cheng-xi-Wei, Xian-Qing Deng. Pharma. Scienc01Q 62, 272-277

[14] V. H. Bhaskar, P. B. Mohitd, Optoelectronics and Biomedical Materig?91Q 2, 249-259.

[15] S.R. Pattan, P. Kekare, A. Patil, A. Nikal@eS$. kittur,J. Pharma. Scienc009 5, 225-230.

[16] Y.L. Gao, G.L. Zhao, W. Liu, H. Shao, Y.L. Wg, W.R. Xu, L.D. Tangand, J.W. Wand,Chem201Q 47,
1499-1508.

[17] A.S. Gundugola, K.L. Chandra, E.M. Perchell&.M. Waters, S. RayaBioorg. and Med. Chem. Le01Q

20, 3929-392.

[18] S. Sharma, M.C. Sharma, D.V. Kohli,Biomedical materia01Q 3, 151-160.

[19] S. Hayao, H.J. Havera, W.G. Strycker, T.Jpk#y, R. RodriguezJ. Med. Cheml1965 10, 400-404.

[20] S.K. Fig dor, M.S. Von Wittenad, Med. Chem1967, 10, 1158-116

[21] D.M. Zimmerman, R.A. OlofsorT,etrahedron Lett1969 58, 5081.

[22] P. H. H. Hermakens, H. C. J. OttenheijmDRees,Tetrahedron1997, 53, 5643-5678.

[23] V. Krchnak, M.W. HolladayChem. Rev2002 102, 61-92.

[24] N.K. Terrett, M. Gardner, D.W. Gordon, R.Jlilecki,J. Tetrahedron1995 51, 8135-8173.

[25] A. A. EI-Emam, O. A. Al-Deeb, M. Lehmann -@mar,J. Bioorg. Med. Chen2004 12, 5107-5113.

[26] A.M.E. Omar, O.M. Aboul-Wafa]. Heterocycl. Cheni986 23, 1339-1341.

[27] B.S. Holla, K.N. Poorjary, B.S. Rao, M.K.i8anandaEur. J. Med. Chen?002 37, 511-517.

[28] S.A. Carvalho, F. A.S. Lopes, K. Saloma, @lida, R.M.S. Solange, V.S. de Castro, E.F. deagil C.A.M.
FragacBioorg. Med. Chemr200816, 413-421.

[29] F.A. Ashour, N.S. Habib, M. Taibbi, S. Din&, Dine, Farmaca 199Q 45, 134-139.

[30] A. Foroumadi, F. Soltani, M.H. Moshafi, A.@skari, Farmaca 2003 58,1023-1028.

[31] A. A-H. Abdel-Rahman, W.A. El-Sayed, H.M. dbl-Bary, A. E.-S. Abdel-Megied, E.M. Morc{jonatsh.
Chem 2008,139, 1095-1101.

[32] W.A. El-Sayed, A. A.-H. Abdel-Rahmakllonatsh. Chen2009 140, 365-370.

[33] A.V. Ostrovskii, M.S. Pevzner, T.P. Kofmna,B1 Shcherbinin, V.I. TselinskiiTarget Heterocycl. Syst999

3, 467.

1072
www.scholarsresearchlibrary.com



Said H. Kandeelet al Der Pharma Chemica, 2012, 4 (3):1064-1073

[34] J.H. Jorgensen, J.D. Jurnide, J.A. Washimgtntimicrobial susceptibility tests. In: Manuaf Glinical
Microbiology, 7th ed. P. R. Muarry, Baron, E.J. aRdC. Yolken eds, American Society for Microbiology
Washington, DC, USA, ph999 1526.

[35] A.M. Janssen, J.J. Scheffer, A.B. Svend&anta Med.1987, 53, 395.

[36] M. Ashok, B.S. Holla, N. Suchethaur. J. Med. Chen2007, 42, 308-385.

[37] B.S. Holla, M. Mahalinga, M.S. KarthikeyaR,M. Akberali, N. Suchethd&ioorg. Med. Chem2006 14,
2040-2047.

1073
www.scholarsresearchlibrary.com



