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ABSTRACT

In this study, new derivatives of 2,5-dimercapt¢3,4-thiadiazole were synthesized by cyclization @oupling
reactions, in a satisfactory yield. The reaction2¢b-dimercapto-1,3,4-thiadiazole with ethyl bromete in
absolute ethanol afforded the ester derivative (@hich was treated with hydrazine hydrate to give t
corresponding carbohydrazide (2). The carbohydeat®) was reacted with two and four equivalentsmethyl
acetoacetate, and afforded the corresponding meplgyazolone (3) and pyranopyrazole (8), derivatives
respectively. Furthermore, the carbohydrazide ¢2rtred with acetyl acetone and gave dimethyl pyeaderivative
(4). Refluxing of carbohydrazide (2) with anhydsddike succinic, maleic and phthalic anhydridefforded the
compounds (5), (6) and (7) respectively. Treatnodértarbohydrazide (2) with tetrahydrofuran in gié@cetic acid
gave the compound (9). The reaction of carbohydeag?) with phenyl isothiocyanate, furnished comubi10),
which is successfully cyclized upon addition of B¥4OH under reflux, to give the corresponding metcapazole
derivative (11). Also, a series of amino acid mée#sters (12a-c) and dipeptides (14a-c) attache¢ketdeterocyclic
ring were successfully synthesized, starting fromin® acid esters and azides (2a,13a), respectivdlythe
synthesized compounds were screened for thewitro antimicrobial activities against six pathogenic teaal
strains, Staphylococcus aureusStaphylococcus epidermidisStreptococcus pyogenes Escherichia coli
Pseudomonas aerugingsklebsiella pneumoniand three fungal straing\spergillus niger, Aspergillus terreus
and Candida albicanshy well diffusion method.These compounds showed ereté antibacterial activities, and
both compounds (9 and 14c) exhibited the most patatifungal activities againsispergillus terreusAll the
synthesized compounds were in good agreement Veithemtal and spectral data ( FTARNMR spectroscopy).

Keywords: 2,5-dimercapto-1,3,4-thiadiazole derivatives, rmoracids, antibacterial, antifungal,

INTRODUCTION

One of the main objectives of organic and mediciclaémistry is the design, synthesis and productbn
compounds having considerable value as human,pbetia agents. Thiadiazole is an important scafkwidwn to
be associated with several biological activitieke Bulfur atom of thiadiazole imparts improved $iplubility, and
the mesoionic nature of thiadiazoles makes theswoands better to cross cellular membranes[1]. $ymethesis of
new derivatives containing 1,3,4- thiadiazoles htigcted widespread attention due to diverse egiins as
antibacterial [2-4],antifungal [2,5], antitubercul$§?,6,7], antiviral [2,8],antioxiant[3.9],antitumal [3,10],anti-
inflammatory [2,11,12],and anticonvulsant[2,13};.€herefore, the present study was undertakewrithssize new
compounds having 2,5-dimercapto thiadiazole ringchied to different moieties, (3-14c).All the neampounds
were characterized by elemental and spectral anadysl screened for theim vitro, antibacterial and antifungal
activities.
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MATERIALS AND METHODS

Experimental

All the newly synthesized compounds gave moderately. The homogeneity of the synthesized compouvats
ascertained by thin layer chromatography (TLC) iinasgel G (Merck) coated plates by using the etiéint solvent
system.lodine chamber and UV lamps were used &uralization of ( TLC) spots. The chemicals and sots were
purchased from Fluka, BDH, and Thomas Baker congzarMelting points were determined on Thomas Hoover
electric melting points apparatus and are uncatecET-IR spectra (KBr) were recorded on Shimadzi-IR-
8400S spectrophotometer amiHNMR spectra measured with 400MHz, Avance |l 4Q0@Q#r, using
tetramethylsilane (TMS) as an internal standard diemical shifts are expressed in ppstale. The percentage of
carbon, hydrogen and nitrogen were obtained usinGHWNS analyzer ( Euro EA3000 elemental analyzer).

Ceneral Methods
The target compounds were synthesized by the follpwsteps.

Synthesis of diethyl 2,2' [(1,3,4-thiadiazole-2,5id) bis (sulfanediyl) acetate (1) [14]

To a solution of 2,5-dimercapto-1,3,4-thiadiazddel(mol,15 g) in ( 20 ml) of absolute ethanol, (hal,12 g) of
potassium hydroxide, (KOH) was added.The solutias stirred for 30 min., and then ethyl bromoacegt&& mol,
25 ml) was added dropwise to the solution.The feaanixture was refluxed for 4-5 hrs., Then cootedroom
temperature, poured into (100 ml) of ice water.phecipitate was filtered off, washed with water aedrystallized
from ethanol to get white fluffy powder. .Yield 79%.p. 47-48 °CJR (v cm™, KBr) : 2988 (CH-aliph. str) ,1742
(C=0 str of ester);'HNMR (400MHz, DMSO-d6, & ppm ). 4.22(s,4H,2CHS-CH-C=0), 4.16-4.09
(9.4H,2CH),1.21-1.16 (t, 4H, 2CH), 1.21-1.16 (t,6H,2Ck), and singlet signal at 2.5 and 3.34 ppm duehéo t
solvent DMSO-¢ and water dissolved in DMSQs-drespectively [19].

Synthesis of 2, 2'-[( 1,3,4-thiadiazole-2,5-diyl)b{sulfanediyl)]di(acetohydrazide) (2) [19]

A Suspension of compound (2) (0.02 mol, 6.4 gRid inl) of absolute ethanol was stirred for 15 mén40 °C until
the ester was dissolved , (0.04 mol, 2.2ml) of hydre hydrate (80 %) was added and the solutichstiered for
30 min., and refluxed for 4 hrs, cooled, filteredished and recrystallized from ethanol (90%) tondete crystals.
Yield 74%; m.p.140-142 °QR (v cm™, KBr) : 3319 (NH str), 3293,3270 (Nk+$tr), 1694 (C=0 str).

Synthesis of 2,2'(2,2'-[(1,3,4-thiadiazole-2,5-d)pis(sulfaneddiyl)]bis(acetyl)]bis
(5-methyl-2,4-dihydro-3H-pyrazol-3-one (3) [15]

(0.002mol,0.5 g ) of compound (2) was stirred 36r min., in absolute ethanol (50 ml), then (0.00dl 0.5 g)
methyl acetoacetate was added, then refluxed fos 8 cool and filtrate the residue which wasystllized from
chloroform to get off white powder. Yield 70%: m.p44-146 °C; IR (v cm™, KBr): 3199 (NH str.) and
disappearance of Ntband, 1732 (C=0 str of pyrazolne), 1684 ( C=® o$tacyclic amide)’HNMR( 400MHz,
DMSO-ds , 8 ppm): 4.43( s,4H,2Chipyrazoline ring), 4.06 (s, S-GH 2.14( s, 2Ck); Anal.Calcd. for
Ci1H1NgO4Ss: C, 39.43; H, 3.31; N,19.71; S, 22.55. Found: €93; H, 3,52; N, 19.24; S, 22.07

Synthesis of 2,2' [(1,3,4-thiadiazole-2,5-diyl)bigsulfanediyl)]bis(1-(3,5-dimethyl-H-pyrazol-1-yl)ethan-1-one
(4) [16]

(0.002 mol, 0.5 g) of compound (2) was stirred 36r min., in absolute ethanol (50 ml) then (0.004,0c4 g)
acetylacetone was added, and refluxed for 6 Hms.résidue was collected, after concentration aading, the solid
product formed was filtered off and recrystalliZemim benzene, to get white fluffy powder. Yield%Q m.p.49-51;
IR (v cm, KBr): 2988,2937 (CH aliph. str), 2955 (CHaliph.str), disappearance of Midnd NH-bands, 1728
(C=0 str of amide)'HNMR (400MHz, DMSO-dg & ppm): 2.35, 2.15(2s,12H, 4CGH3and 5-di-methyl pyrazole
ring), 4.22 (s,2H,S-CH); Anal. calcd. for GgH1eNgO,S;: C, 45.48; H, 4.29;N, 19.89; S, 22.67 . Found443®1;
H,4.03; N,19.03; S,22.81

Synthesis of compounds (5), (6) and (7) [17]

(0.002 mol, 0.5 g) of compound (2) stirred for 2thmin glacial acetic acid then (0.04 mol), (0.B4miccinic
anhydride ,( 0.33g) maleic anhydride, (0.59) plith@anhydride, added and refluxed for 8hrs., thealed, filtered,
and recrystallized from ethyl acetate: DMF, to thet desired product:

Compound (5yWhite crystals. Yield 65% ; m.p. 232-235°C; lRofmi*, KBr): 3210 éecNH str.), 2986, 2938 (CH
aliph. str), 1691 (sym. and asym str cyclic C=Odeji'HNMR( 400MHz, DMSO-¢ 5 ppm): 9.5¢, 2H, sec 2NH
of amide), 4.08(m, S-CHC=0), 2.45(t,4H,2CHsuccinic hydrazide), 2.36 (t, 4H, 2guccinic hydrazide); Anal.
Calcd for G4H14NsOsSs: C, 36.67; H,3.08; N,18.33; S,20.98. Found: C,37.8,3.20; N,19.05; S, 20.22 .
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Compound (6) Brown crystals. Yield 57% : m.p.265-26C; IR (v cm, KBr): 32116ecNH str of amide) and
absence of (NKstr) band, 1785, 1735 ( sym. and asym. cyclic Gt 1690 (acyclic C=0 str of amide); Anal.
Calcd. for GsH10NeOgSs: C,37.00; H,2.22; N, 18.49; S,21.16. Found:C,36H,2.31; N, 19.08; S, 22.01 .

Compound (7} Off white crystals; Yield 72%; m.p.260-26@; IR (v cm™, KBr): 3211 (_NH str of amide) and
absence of (N) band, 3101(aromatic CH-str),1734,1794 (sym andnasyclic C=0 str )}HNMR (400MHz,
DMSO-ds . & ppm): 7.99-7.93 (m,8H, aromatic protons), 4.11(m, S;QHO); Anal.Calcd. for &H;4NOsS;: C,
47.65; H, 2.45; N, 15.15; S, 17.34. Found:C,47t632.60; N, 15.85; S, 17.31

Synthesis of 1,1'-(2,2'-[(1,3,4 thiadiazole-2,5-diybis (sulfanediyl) bis (acetyl)] bis (3,4-dimethipyrano [2,3-C]
pyrazol-6 (1H)-one) (8) [18]

(0.002mol , 0.5 g) of compound (2) an@.008 mol,1 g) of methyl acetoacetate in pyrex telse, heated in oil
bath in 180-185°C for 45 min., with gentle mixing flass rod then cooled and adding diethyl ethgafion the
brown residue which is washed by dilute HCI (0.1idish brown crystals are obtained, and redtizsd from
acetone. Yield 45%; m.p. 230-232; IR (v cm™, KBr):

Disappearance of NHbands, 3072,3028 (aromatic CH str), 2845 (sym.G#),1730 (C=0O cyclic ester), 1701
(acyclic C=0 amide)!HNMR (400MHz, DMSO-ds & ppm): 5.82(s,2H,2CH-pyran ring), 4.24 ( s,4H, 2SH
Anal. Calcd. for GH1gNgOsSs: C, 47.30; H, 3.25; N,15.05; S,17.22. Found: C728H,3.23; N, 15.53; 9,8.02 .

Synthesis of 2,2'-[(1,3,4-thiadiazole-2,5-diyl) bigulfanediyl)]bis (N-(pyrrolidine-1-yl) acetamide(9) [19]

A mixture of compound (2) (0.02 mol, 0.5 g) anddhtdrofuran (0.04 mol, 0.32g) in glacial acetiida@5 ml)
were refluxed for 8 hrs., the solvent was reducedrte third of its volume under reduced pressucethen cooled.
The solid separated on cooling, and was recryatalifrom benzene to give the desired product. Wiiystals.
Yield 63%; m.p. 219-22C; IR (v cm’, KBr): 3199 (NH-str), 2920 (CHaliph. str),1674 (C=0O amide), 1610
(C=N); '"HNMR (400MHz, DMSO0-d6,6 ppm): 4.01 (d,4H,2S-Ch), 2.51 (t, 4H, 2Chpyrrolidine), 1.92 (t,4H,
2CH,-pyrrolidine) ; Anal. Calcd. for GH,:NeO,Ss: C, 41.77; H, 5.51; N, 20.88; S, 23.90 . Found4@.67; H,5.29;
N, 21.3; S, 23.81 .

Synthesis of 2,2'-(2,2'-[(1,3,4-thiadiazole-2,5-diybis (sulfanediyl)] bis (acetyl))

Bis (N-phenylhydrazine-1-carbothioamide) (10)[20]

(0.004mol, 1g) of compound (2) was stirred for 3id.;min absolute ethanol (30ml) to dissolve it,nh@®.008mol,
0.8 g) of phenyl isothiocyanate was added, the umixtvas refluxed for 8 hrs., cooled , filtered aadrystallized
from ethanol/water (75:25), to get white crystafgeld 80%; m.p.180-182 °AR (v cm™, KBr): 3188 (NH str of
amide), 2994,2987 (sym and asym. CH aliph.str), 18850 str of amide), 1252 (C=S striINMR (400MHz,
DMSO-ds 6 ppm): 10.42 ( s,4NH,4H, S=C-NH-Ph) and (S=C-NH-NH), 9.{&2H, 2NHsec amide _NH-C=0),
7.44 -7.17 (m,10H-aromatic protons), 4.13 (s, SSCHO); Anal. Calcd. for gHyNgO,Ss: C, 42.54; H, 3.57; N,
19.84; S, 28.39. Found: C,43.87; H,3.86; N,19.02761 .

Synthesis of 5,5'-(((1,3,4-thiadiazole-2,5- diyl)bis(sulfangiyl))bis(methylene))bis (4-phenyl-4H-1,2,4-triazole-
3-thiol) (11) [21]

A mixture of (0.0015 mol, 0.85 g) of compound (1030 ml) of 2M (NaOH) was refluxed for 6 hrs.etlholution
cooled and acidified by 1N (HCI), the precipitatasw filtered , recrystallized from ethyl acetate afford white
powder. Yield 51%; m.p. 226-22€; IR (v cm’, KBr): 3119 ( NH str.),2920 (_Chlaliph. str),1610 (C=N str);
"HNMR (400MHz, DMSO-dg & ppm):13.95(s, 2H,2NH-thione -tatuomerism), 13.08 (s,28H) , 7.65-7.26 (
m,10H- aromatic protons), 4.2 (s.S-gHAnal. calcd. for GoH1¢NgSs: C, 45.44; H, 3.05; N, 21.19; S, 30.32. Found:
C,46.30; H 3.11; N,20.56; S,29.90 .

Procedure for azide method: synthesis of amino aciderivatives attached to 2,5-dimercapto-1,3,4-thiadzole
(12a-c) [22]

To a cold solution 0°C of (0.002 mol, 0.5 g) compdy?) in acetic acid (6 ml), IN HCI (3 ml), andtema(20 ml)
was added to a solution of Nab(@®.006mol, 0.36 g) in cold water (10 ml). The &t mixture was stirred at 0 °C
for 15 min. The yellow syrup formed, was extractgth cold ethyl acetate (30 ml), washed with cotd BlaHCQ,
water, and finally dried over anhydrous ¢NS&)y). The extract was kept below 5 °C for 24 hr. T tholution
(0.004) mol of the amino acid ester, phenylalai&16 g) , leucine (0.636 g) and tyrosine (0.78vggs stirred
with triethylamine (2ml) in ethyl acetate (20mly 20 min., then filtered.

The residue was added to the azide (2a), extragoedously with ethyl acetate, and stirred for Zitat 0 °C then
other 24 hrs. at room temperature.
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The solvent evaporated, and the residue washed(@itiN) HCI then by acetone, and recrystallizedrfra suitable
solvent, to afford the desired product24-c).

Compound (12a) White powder, recrystallized from petroleum etatryl acetate. Yield42%; m.p.14-116 °R

(v cm®, KBr): 3306 (secNH-str of amide) 3030 (aromatic CH str), 1751( C=0 str of esté§51(C=0 str of
amide),1537 (NH-bend.amidéiNMR (400MHz, DMSO-dg . & ppm): 8.78 (d,2H,2NH, amide bond), 7.29-7.19
(m, 10H-aromatic protons), 4.52(mCH-amino acid ),4.02 (d, 2x S-GH=0), 3.61(s,6H, 2x O-C§); Anal.calcd.
for CyeH2gN4O6Ss: C, 53.05; H, 4.79; N, 9.52; S, 16.34. Found: £53; H, 4.63; N, 9.85; 96.87.

Compound (12b) Yellow powder, recrystallized from acetone. Yiel®%; m.p.54-56°C;IR (v cm™, KBr):
3330,3261 (NH str of amide), 3086 (aromatic CH, £885,2930 ( sym and asym aliph.C#4), 2873 (CH sjr1755
(C=0 str of ester), 1676 (C=0 str of amid8JNMR (400MHz, DMSO-ds & ppm): 8.69 (d,2H,2NHsecamide ),
4.32-4.23 (mp-CH-amino acid), 4.06 (2d,4H,2S-Gi€=0), 3.62 (s,6H, 2xOC}jl 0.89-0.83 (2d,12H,4CHleu.);
Anal.calcd. for GgH3oN4O6Ss: C, 46.14; H, 6.19; N, 10.76; S, 18.47. Found4&30; H;5.96; N, 10.38; 8.90 .

Compound (12c) White powder, recystallized from ethyl acetatetaoe. Yield 39% ; m.p. 164- 165 °[R (v cm’

1 KBr) : 3454 (phenolic OH str), 3327, 3288¢ NH str of amide),30613037(aromatic_CH str), 2964,2929 ( sym
and assy. aliph.CHstr), 1728 (C=0O str of ester), 1645 ( C=0 straafide);'HNMR (400MHz, DMSO-ds . &
ppm): 8.72 (d, 2H,2NHsecamide), 6.99 (d,4H, &ftho aromatic protons to OH gr.), 6.67 (d,4Hm2&taaromatic
protons to OH gr.), 4.5 (na,-CH-amino acid), 4.42 (m,4H,2S-GI€=0), 3.59 (s, 6H,2x0O-C}}l , 3.22,2.98 t,

(CH,- attached to phenyl ringfinal. Calcd. for GgH,sN40sS;: C, 50.30; H, 4.55; N, 9.03; S, 15.50. Found Cp81
H, 4.61; N, 9.32 ; S16.03.

Synthesis of 2,2' [(1,3,4-thiadiazole-2,5-diyl)bidllfanediyl)]bis(N-(1-hydrazinyl-3-(4-hydroxyphenyl)-1-
oxopropane-2-yl)acetamide (13) [23]

(0,0016 mol,1g) of compound (12c) was stirred isadlte ethanol for 30 min., at (50 °C), (1ml) ofdhgzine
hydrate (99%) was added slowly and the reactioxture refluxed for 8 hrs., then stirred overnigmiliered ,the
residue (white crystals), recrystallized from etla70%. Yield; 66%; m.p. 225-22T; IR (v cm™, KBr): 3321(
phenolic_OH str), 3292,3269 (_NHtr), 3200 (_NH str of amide), 308@aromatic CH str) dlsappearance of (C=0
ester) band at 1755 c]rn 1689, 1633 (C=0 str of amides).

Procedure for azide method: synthesis of peptide dgatives (14a-c) [22]

To (0.0008 mol, 0.5 g) of compound (13) was stinredcetic acid (6 ml), 1N HCI (3 ml), and wat@0(ml) was
added to a solution of NaNO(0.006mol,0.36 g) in cold water, (10 ml). Theat&@n mixture was stirred at 0 °C for
15 min. The yellow syrup formed was extracted wibtkd ethyl acetate (30 ml), washed with cold 5% K&+ H,O
and finally dried over anhydrous (p&0O;), the extract was kept at 0 °C. To this solutiomreo acid ester, (0.0016
mol), leucine (0.36 g ), alanine (0.29 g), glyc{®e2 g) was stirred with (2ml) triethylamine in (B ethyl acetate
for 20 min. The solution continues worked up asjogsly mentioned in the synthesis of (12a-c), ¢ the desired
products.

Compound (14a) Brown crystals , recystallized from ethyl acetateild 49%; m.p. 90-92C; IR (v cm™, KBr):
3340(phenolic_OH str ), 3277%&éc NH str of amide) , 3086 ( aromatic CH str.B50(CH str), 1734 (C=0 str of
esten, 1645 (C=0O str of amide)HNMR (400MHz, DMSO-ds & ppm): 9.18 (s, OH-tyr.), 8.48-8.40 (2d, 4NH, for
the peptide bond), 4.48-4.28 (mCH-amino acid), 7.01(d, 4H, @tho-aromatic protons to OH gr.5.63 (d,4H,2-
metaaromatic protons to OH gr Anal. Calcd. for GgHsgNgO19 Ss: C, 53.88; H, 5.95; N, 9.92; S, 11.35.Found;C,
54.45; H, 5.84; N, 10.2(5,10.99 .

Compund (14 b} Brown crystals, recrystallized fron ethyl acetateetone (60/40).Yeild 30%; m.p. 125-1271R;
(v cm™®, KBr): ) 3419 (phenolic OH str.), 3255dcNH str of amides), 304@aromatic CH str), 29582921 (sym
and asym aliphaic Chtr), 1734 ( C=0 str of ester), 1637 (C=0 str. wide): 'HNMR (400MHz, DMSO-dg &
ppm): 9.18 (s, 2H, 20H-tyr), 7.8-7.4 (2d,4NH, for thepfide bond), 7.02 (d,4H,8rtho- aromatic protons to OH
gr.), 6.64 (d,4H,thetaaromatic protons to OH gr.), 4.5-4.28 (mCH-amino acid), 4.02 (d,4H, 2 S-Gi€=0),
3.62 (s,6H, 2xO-Ch); Anal. calcd for CgH3gNgOoSs: C, 50.38; H, 5.02; N, 11.02; S, 12.61. Found5C.95; H,
4.89 ; N, 11.30; S12.20.

Compound (14 c) Dark brown crystals, recrystallized from acetone. Y&%&¥; m.p. 78-81°C IR (v cm™, KBr):
3419.0( phenolic_OH str), 3301,3275dc NH str of amides), 3057aromatic_CH str), 2952929 (sym and asym.
aliph. CH str), 1712 (C=0O str of ester), 1649 (C=0 str wiide); 'HNMR (400MHz, DMSO-dsé ppm): 9.19
(s,2H,20H-tyr) 8.57-8.52 (2t,4H,4NH, for the peptidond), 7.02 (d,4H,Zrtho- aromatic protons to OH gr.), 6.64
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(d,4H,2-meta aromatic protons to OH gr.), 4.02 (d,4H,2 S,£B=0 ), 3.63 (s,6H, 2xQ-C8J; Anal. calcd_for
C3H3aNgO010Ss: C, 49.04; H, 4.66; N, 11.44; S, 13.09. Found4.95; H, 4.98; N, 11.82; S, I8 .

Biological screening. Antimicrobial activity test.

The antimicrobial activity of the synthesized compds was donén vitro, by using well diffusion method [27,
28].All the compounds were screened for thiairvitro antibacterial activityagainst Staphylococcus aureus,
Staphylococcus epidermidis, Streptococcus pyogédtseherichia coli, Pseudomonas aeruginosa and Kédlasi
pneumoniaat a concentration of 50 and 1Q@ml. Netilmicin was used as a reference drug atpg0ml
concentration. Similarlyin vitro antifungal activity of synthesized compounds watedeined by well diffusion
method againsAspergillus nigerAspergillus terreusandCandida albicanst concentration of 25®/ ml in potato
dextrose agar (PDA) media. Fluconazole was useal standard drug at a concentration ofigftnl. The freshly
prepared bacterial cells and fungal spores wereaspbonto the Muller-Hinton agar plates and ( PDAdam in
laminar air flow chamber, then were cultured armlbated at 37 °C for 24hr., for the bacteria an80atC for 72
hr. for the fungi species. The test compounds et previously dissolved in DMSO, the zone ofiliitton was
measured in (mm), after incubation of plates 24fdwthe antibacterial and 72 hr. for the antifuingiad the results
are demonstrated {nTable 1 and 2)

RESULTS AND DISCUSSION

CHEMISTRY

The synthesis of compound8-9), (10-12c)and (13-14c)was accomplished and outlinedsoheme: 12 and3,
respectively. It involves the reaction of 2,5-digapto-1,3,4-thiadiazole with ethyl bromoacetat¢hie presence of
a base to form ethyl ester derivati\g, then refluxing (1) with hydrazine hydrate téoafl the carbohydrazide (2).
The hydrazide (2), was treated with two and fouriegjents of methyl acetoacetate, and gave metyrgzolone (3)
and pyranopyrazol (8), derivatives, respectivelyhid/ The hydrazide (2), when refluxed with acedgktone, in
ethanol afforded the dimethyl pyrazole derivati#® Correspondingly, the hydrazide (2) was treatét different
anhydrides , like succinic, malice and phthalidyyadrides using acetic acid, to furnish compours)g§ ) and (7),
respectively.

In another reaction of hydrazide (2) with tetratofdran in acetic acid afforded compound (8theme 1)

The reaction of hydrazide (2) with phenyl thioiganate, provided (10), which was treated with 5%Nasolution,
to afford mercapto triazole derivative (11). (Cygell compound)scheme 2)

The synthesis of new amino acid derivatives coupléith biologically active heterocyclic rings attted our
attentions, and the acyl azide pathway is one effittst method developed for peptide coupling bytiDe [24].
Synthesis of the target amino acid series (12aerkwuccessfully produced via the azide couplinthate[22, 25]
which was reported to reduce the degree of raceimizan the amino acid coupling. Tl situ generated azide (2a)
solution in ethyl acetate, reacted with an aminim anethyl ester hydrochlorideplf.ala, leuc. andtyr.) in the
presence of triethylamine (TEA) to afford (12a+tli moderate yieldscheme 2)

Further development of azide coupling was obtaimgthe synthesis of N-substituted dipeptide sgfids.-c).Thus,
boiling the amino acid ester derivative (12c), (Tiypethyl ester) with hydrazine hydrate affordedtilgdrazide (13),
(scheme 3).

The nitrosation of hydrazide (13) finally produdb@ azide (13a), by treatment with NajN&hd HCI mixture. The
in situ generated azide (13a) in ethyl acetate reactedamitimo acid methyl ester hydrochloridel,ala., andgly.)

in the presence of triethylamine (TEA), producegkgitide derivatives (14a-c), in a reasonable yiaslcheme 3)

The IR spectrum of compound (3) showed strong raiism bands at1732, 1684 ¢mthat accounted for carbonyl
(C=0) group of pyrazolone ring and acyclic amiasspectively. Compound (4) showed absorption badd 28 cm

! due to carbonyl, (C=0) group of the amide. Reactibanhydrides with the hydrazide (2) displayedarelsteristic
bands in the range of 3211-3210tnand assigned to the (NH) stretching of amidemmunds (5-7), also the
anhydride derivatives exhibited characteristicomptions, at 1691 ct due to cyclic (C=0) stretching of amide for
compound (5), other absorption bands at 1735-17384-1785 cm for compound (6) and (7), respectively, that
accounted for symmetric and asymmetric stretchihgyelic carbonyl (C=0) group of amide. Compound, (8
displayed characteristic absorption band at 2843 due to symmetric_(CHjl stretching,1730 cthdue to carbonyl
(C=0) of cyclic ester and 1701 &pstretching of acyclic (C=0) group.
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Scheme 3. Synthesis of compounds (13-14c)

Compound (9) showed a band at, 2920  aine to aliphatic (Ch Stretching , 1674 cth assigned to_(C=0)
stretching of amide and other important band at016m" due to stretching of (C=N) group present in the
heterocyclic ring. The IR spectrum of compound (d@nonstrated a characteristic peak at 3188that assigned
to (NH) stretching of amide, other peaks at168%212m’ that are attributed to stretching of (C=0) and $¢=
groups, respectively. Compound (11) demonstratedtspat 3119 cthdue to (NH) stretching and 1610 ¢ndue to
(C=N) stretching of the triazole ring.
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The IR spectra for amino acid derivatives (12astpwed distinguished peaks in the range of 33%1-3" that
assigned to_(NH) stretching of the amide, 1755-1a18 attributed to stretching of (C=0) ester groups] ather
important absorption bands in the range of 16765184’ that accounted for (C=0) stretching of the amide.
Compound (13) exhibited peaks at 3321'ctue to phenolic (OH) stretching , two peaks at®Ba6d 3292 cihthat
assigned to (N} stretching and 3086 chwhich is attributed to the aromatic (CH) stretchifihe disappearance of
(C=0) ester group at 1755¢mand the appearance of bands at 1689, 1633 itrat assigned to (C=0) stretching of
amides, and confirm the formation of compound (13).

The IR spectra for the dipeptide derivatives (1¥askowed the following bands, 3419-3340 tmiue to the
stretching of phenolic_(OH) group, 3277- 3255 cithat accounted forsee (NH) stretching of amide, other
important peaks are in the range of 1734 -1712-due to (C=0) stretching of ester group, and 164%716m",
assigned to (C=0) stretching of amide. TH8NMR spectrum of compound (3) displayed the follogyi
characteristic signals: Two singlets, one at 4.p&@ue to_CH of pyrazolone ring and another at 2.14 ppm,
attributed to CHgroup attached to the pyrazolone ring.

Compound (4) showed two singlets at 3.35 and 2%, pattributed to the six protons, (2xgH of 2 and 5-
dimethyl pyrazolone ring, respectively.

Two triplets observed at 2.45 and 2.36 ppm attefuib the _CH of succinic anhydride, compound (5). While
compound, (7) showed the aromatic protons as nhetitifpn the range of 7.99-7.93 ppm, assigned tdadht
anhydride.

The™MNMR spectrum of compound (8) exhibited a singlealpat 5.82 ppm assigned to one proton of (CH arpyr
ring. A triplet is observed in theINMR spectrum of compound (9), attributed to @bf pyrrolidine ring.

Compound (10) displayed a characteristic, singkik at 10.42 ppm, assigned to two protons, oneh®
thioamide ( S=C-NH-Ph.) and another for (S=C-NH)N&iso, another singlet peak appeared at 9.76 plpe to
the proton of secondary amide (NH-C=0). While thenaatic protons displayed in the range of 7.447Hhpm as a
multiplet.

The 'HNMR spectrum of compound (11) demonstrated tiing signals, one at 13.95 ppm, as a singlet,
assigned to NH-thione, due to tautomerism, andhemainglet at 13.08 ppm, due to thiol group (SWhile the
aromatic protons observed in the range of 7.65-B6 as a multiplet.

The amino acid derivatives (12a-c) were preparethfhydrazide (2) [25] via the racemization-freedazcoupling
method [22, 26].

Treatment of hydrazide (2) with nitrous acid (NalNGICI) in a strongly acidic medium at low tempeirat Thein
situ resulting azide (2a) is unstable at a higher teatpee, so it was extracted with cold ethyl acetatrjtralized
and also washed at low temperature.

The azide solution in ethyl acetate reacted witfedint amino acid methyl esters hydrochlorig#h.éla, leu., tyr),
previously treated with triethylamine in ethyl tate at low temperature to afford 2,5-di mercap®4lthiadiazole
amino acid derivatives (12a-c), in a reasonablielyi@heHNMR data showed doublet signal in the range 088.7
8.69 ppm attributed to the NH-proton of the peptded.

Multiplet signals in the range of 7.29-7.19 ppmigssd to the ten aromatic protons of compound (12wiitiplet
signal at 4.52-4.23 ppm ferCH proton of the amino acids and singlet peak.62-3.59 ppm for the six protons,
(2x OCH; ) of the ester groups. Also, the germinal couplbejween the two protons of the thioacetyl group
SCH,C=0 displayed between 4.42-4.02 ppm as two dosig@als, the other signals for the amino aciddress
are reported in the experimental part.

The dipeptide derivatives (14a-cltyrtleu.), (tyr.-ala) and {yr.-gly) respectively, were prepared from their
corresponding amino acid methyl ester derivativec)lafter conversion to hydrazide (13) by refluxiwgh an
excess of hydrazine hydrate in methanol. Then sation with a mixture of (NaNfDHCI) gave the azide (13a). The
dipeptide methyl ester derivatives (14a-c) wereamigtd by the azide coupling method in (30-49) %dgieThe
"HNMR spectra revealed two doublets for the four Nidtons of the peptide bonds, other two multipiatshe
range of 4.5- 4.28 ppm for the-CH protons of the four amino acids. In addition dther several peaks
corresponding to protons of individual side chand aromatic protons are listed in the experimeydetl
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Tablel.n vitro antibacterial activity of the synthesized compound$§3-14c)

Compound Zone of Inhibition Zone of Zone of Zone of Zone of Zone of
Conc.ug /ml in mm Inhibition in mm | Inhibition in mm | Inhibition in mm | Inhibition in mm | Inhibition in mm
S.aureus S.epidermidis S.pyogenes E.coli P.aeruginosa K.pneumonia
3 50 - - - - - -
100 - - - - - -
4 50 - - - - - -
100 - - - 2 - -
5 50 4 - - - - -
100 11 - - - - -
6 50 - - - - - -
100 - - - - 11 3
7 50 - - - - - -
100 - - - - - -
8 50 - - - - - -
100 - - - 6 - -
9 50 - - - - - -
100 - - - - -
10 50 - - - - - -
100 - - - - - -
11 50 - - 3 - 6 -
100 - 11 9 - 11 11
12a 50 - - 5 - - 4
100 10 - 9 12 - 13
12b 50 - - - - - -
100 - - - 11 - -
12c 50 - - 5 - 8 -
100 - - - - - -
14a 50 - - - - - -
100 - - - - - -
14b 50 - - 6 - - -
100 - - 8 - - -
14c 50 - - 3 - - -
100 - 7 8 - - -
Netilmicin 30 25 - 24 20 13 8
DMSO(control) - - - - - -
Highly active = +++ (inhibition zone > 16 mm)
Moderately active = ++ (inhibition zone 10-15 mm)
Slightly active = + (inhibition zone < 10 mm)
Table2.1n vitro antifungal activity of the synthesized compounds (34 c)
Compound Zone of inhibition in mm | Zone of inhibition in mm | Zone of inhibition in mm
Conc. 25Gig/ml
Aspergillus niger Aspergillusterreus Candida albicans
3 5 6 _
4 10 13 15
5 75 - -
6 - - -
7 2 - -
8 - - -
9 8 16 -
10 7 - -
11 4 3 -
12a 9 6 -
12b 8 7 -
12c - - -
14a - - -
14b 5 3 7
14c - 22 -
Fluconazole 20 - 17
DMSO - - -

Antimicrobial Evaluation :
The antimicrobial activities of the synthesized idatives attached to 2,5-dimercapto-1,3,4thiadi@zelere

measured by using well diffusion technique with @mparison to netilmicin and fluconazole, as staddar

antibacterial and antifungal agents, respectivdlije recorded dat@ables 1 and 2)lead to the following

conclusion:
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- All the tested compounds exhibited slightly todarate antibacterial activity, and the compoundajshowed the
greatest antibacterial activity against Gram-negaf.pneumonia and E.coli at 10Qug/ml concentrations,
respectively.

-It is evident that compound (14c) has the mostepotantifungal activity againsfspergillus terreusat a
concentration of 25Qg/ml while fluconazole showed no antifungal activit

- Compounds (9) exhibited high antifungal activatyainstAspergillus terreusit 250ug/ml concentration.

- Compound (4) showed the most potent antifung@ificagainstC.albicansand with moderate activity against

Aspergillus nigeandAspergillus terreus
Docking studies are under progress, to identify dhemical structures in the molecule responsible tfe
antimicrobial activities of the synthesized compdsirand the results will be published later.

CONCLUSION

A new series of 2,5-di-mercapto-1,3,4-thiadiazokrivchtives were successfully prepared and testedtHeir

antimicrobial activities. Amino acids attached ke theterocyclic ring displayed remarkable antifuragtivities,

especially compound (14c), which exhibited the mpstent activity against Aspergillus terreus While, the

comparison of the antimicrobial activities of otlsgnthesized compounds, with that of standard aertirbial drugs,
reveals that the produced derivatives show modéoatieod activity against the bacterial and furgjedins used in
this study.
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