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ABSTRACT

Several fatty chain palmitylthiadiazole derivatives have been synthesized by reaction of palmitic acid with
thiosemicarbazide in presence of phosphorous oxytrichlorideto afford the corresponding 5-pentadecanyl-amino
thiadiazole which in turn has been reacted via its nucleophilic amino group with different reagentssuch as acid
chlorides, acid anhydrides, aldehydes and isocyanates to give the corresponding 5-pentadecanyl-2-amino-1,3,4-
thiadiazole derivatives in an excellent yield. The antimicrobial study of all products has been screened and showed
that most of thiadiazolecompounds exhibited high to moderate inhibitory effect particularly the
acetamidothiadiazoloe2which showed the highest effect against all employed microorganisms. Sructure of all
products wascharacterised by IR, *H-NMR, Mass spectra and elemental analyses.

Keywords: Amino thiadiazoles; palmitoyl chloride; fatty asjcanti-microbial; sulphur containing compounds.

INTRODUCTION

1,3,4-Thiadiazole derivatives are of great intemdsss of heterocyclic compounds having an impontédde range
of pharmacological properties. They showed antiotsant[1-5], analgesic[6,7], anti-secretory [8], dan
antimicrobialactivities[9-13]. Among these compoar]5-disubstituted -1,3,4- thiadiazole derivativevebeen
reported to exhibit antibacterial activity[14,1d5jtitypanosomal profile [16], anti-tubercular aittiv[17] and
anticancer [18,19]. In addition, 2,5-disbstitute8-4- thiadiazole derivatives have used as effectiheap, and safe
drugs for the treatment of leishmaniasis[20]. Basedhese facts and on following to our strateigyynthesis of
biologically active molecules [21-23]we get prontpte utilize palmitic acid as a target materiasymthesis of new
thiadiazole derivatives carrying a long aliphatiain at position (5) and studying their biologiaativities.

EXPERIMENTAL SECTION

Melting points are uncorrected and determined gy dpen capillary method using Gallen Kamp meltiminp
apparatus.Spectrophotometer (KBr disk) of the sgited compounds was recorded on FT/IR-BRUKER, afect
22(Germany).Microanalyses were carried out by Midrmlytical Unit at Cairo UniversitftHNMR Spectra were
recorded in deuterated chloroform (CDCL3) or dimkthiphoxide (DMSO-d6) on a Varian Germini-200 MHz
instrument.Mass Spectra were recorded on HP-MODE-3989A (U.S.A) and/or Shimadzu GCMS-QP-1000EX
mass spectrometer at 70e.v.All reactions were rodtby thin layer chromatography, carried out ¢hrém silica
gel 60 F254 (Mark) plates. The physical propertiEthe newly synthesized compouridsiOare tabulated in tables
1.The synthesized compounds were tested for bicdbgictivities in Botany Department, Faculty of Saie, Benha
University.
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Materials
Starting materials: Plmitic acid, thiosemicarbazighosphorous oxychloride, acid anhydrides, acidrides and
aldehydeswere used as received from chemical supplll employed solvents have been used as cooiatgr

provided.

Table 1: Physical properties of thiadiazole compoundsl -10.

No. M.F. M.wt | Solvent of crystallsn. Y(i)zld '(\{JICF)) Ac:nalysisgatacajc,ilfound EVS"
1| CuHaNsS | 31153 Benzene 95 130 22:23 ig:gi ig:‘l‘g ig:gg
2 | CiHsN:SO | 35357 Ethanol 90 135 23:2‘2‘ 1%9281 ﬁ:gg Z:%
3 | CaHaNiSO | 430.65 Ethanol 70 140 gg:gg g:gg ig:% ;:‘1‘2
4 | CuHaN:SO | 415.64 Ethanol 85 140 gg:i? g:% 1;?5161 ;ﬁ
5 | CoHuN:SO, | 460.63 n-butanol 85 | 147-150 22:22 ;:gg ig:}lg s:gg
6 | CiHaN:SOCL | 388.01 Ethanol 85 150 gg:gi g:gg i(l):ig %g
7 | CiHaNsSO | 383.60 Methanol 80 155 gg:‘?‘i g:;é ig:gg g:gs
8 | CuHaNsS | 399.64 Ethanol 70 | 143-145 ;g:ﬁ g:gf ig:gé g:gg
9 |  CuHaNsS | 430.66 Ethanol 75 155 gg:g? g:ig g:;g ;:‘2‘2
10 | CuHuNSO, | 441.63 Ethanol 85 | 152-155 g;:gg ;:351’ g:gé ;:ég

Synthesis of 2-amino-5- pentadecyl-1,3,4-thiadiazole (1):

A one pot reaction mixture of palmetic acid (0.@le&) thiosemicarbazide (0.01mole) and 20 ml PO®las

refluxed for 4hrs. The reaction mixture was coniced then poured on crushed ice with stirriny®ga solid

mass. The resulting productwas filtered off, digedl crystallized from benzene in an excellent y{skk table 1). ).
IR (KBr), cmi: vNH,in the region of 3311-3260C-H aliphatic at 2920- 285@C=N at 1638, 1554 ctbeside the
characteristic bands for thiadiazole ring.MS (BD, &), m/z (Irel, %): molecular ion peak (Yat m/z = 460,
0.45% and the base peak at m/z= 160, 100%..

Synthesis of N-(5-Pentadecyl-1,3,4-thiadiazol-2-yl)-acetamide (2):

Compoundl (0.01mole) was refluxed in 30ml of acetic anhydridr 3hrs then cooled to room temperature. The
solid product that separated was filtered off, vealstvith water, dried and crystallized from appraf#isolvent. IR
(KBr), cm™: showsvNH at 3167 yC-H aliphatic at (2918, 2849C=0 at 1692 cm-1.MS (El, 70 eV), m/z (Irel, %):
molecular ion peak (M.++1) at m/z =354, 1.01 % #relbase peak at m/z= 157, 100%.

Synthesis of 1-(5- pentadecyl-1,3,4-thiadiazole-2-yl)-3-phenyl urea (3):

A mixture of an equimolar ratio of compounhdnd phenylisocyanate in 40ml dry acetone was xedultill
completion after 5hrs. The solid product was atadion cooling at ambient temperature then filtesédunder
vacuum using Buckner funneland recrystallized fettranol. IR (KBr), crit: vC-H aromatic at 30623,C=0 at 1714
and vNH at 3373, 3220 in addition to the other bandsratteristic for the nucleusH-NMR (DMSO- d6) 3,
ppm3’S at 0.9 (t,3H,terminal C§), 1.3-1.6 (m, 26H, 13CHi, 1.76 (t, 2H,CH), 7.06-7.57 (m, 5H,Ar-H), and 8.7
(s,2H,2NH) which disappear in the presence gOD

Synthesis of N-(5- pentadecyl-1,3,4-thiadiazole-2-yl) benzamide (4) and 4-Nitro-N-(5- pentadecyl-1,3,4-

thiadiazole-2-yl)benzamide (5).

General procedure:

To a solution of 0.01mol of the amino thiadiaZole@ 40mlidry benzene containing triethylamine (3dvops a
catalyst, 0.01mol of either benzoyl chlorideor grdlibenzoyl chloride (0.01mole) was added. Thetieacenixture
was refluxed, monitored by TLC until completioneafBhrs,then cooled at room temperature. The stghsslid
was filtered off and crystallized from appropriatdvent (see table 1) to givieorsrespectively.

For compound4: IR (KBr), cmi™: vNH at (3227) and/C=0 at 1691 cribeside the characteristic bands of the

product. MS (El, 70 eV), m/z (Irel, %): MS (El, &), m/z (Irel, %): molecular ion peak (M 1) atm/z = 416 ,
11.1 % and the base peak at m/z = 105, 100 %.
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For compound: IR (KBr), cmi™: vNH at (3227) and’C=0 at 1691 cf. MS (El, 70 eV), m/z (Irel, %): molecular
ion peak (M) at m/z =460, 0.45% and the base peak at nds 100%.

Synthesis of 2-chloro-N-(5-pentadecyl-1,3,4-thiadiazol-2-yl)acetamide (6):

To a solution of 0.01mol of compoutid 40ml dry benzene containing triethyl amine (8h) as a ctalyst, 0.01mol
of chloroacetyl chloride in 5ml dry benzene wasextidrhe reaction mixture was refluxed for 5hrs Hreh cooled

at ambient temperature to afford the solid produbich was filered off, dried and recrystallized r(fphysical
properties, see table 1).IR (KBr), ¢mNH at 3230 and/C=0 at 1691 cmbeside the CH aliphatic bands at 2918,
2849. MS (El, 70 eV), m/z (Irel, %): molecular ipeak (M) at =388 , 18.7 % and the base peak at m/z =, 191
100 %.

Synthesis of 2-hydrazo-N-( 5- pentadecyl-1,3,4-thiadiazole-2-yl) acetamide (7):

A mixture of 0.01 mole hydrazine hydrate and 0.0Laficcompoundbs in 40ml ethanol was refluxed for two hours.
The reaction mixture was left to cool down at ro@mperature to afford the solid product in a veopd) yield
(80%). The resulting product was filtered off, driend recrystallized from the appropriate solvéRt(KBr), cm™:
vNH, at 3222 andC=0 at 1693 cifbeside the’CH aliphatic absorption bands at 2918, 2849.MS THIgV), m/z
(Irel, %):molecular ion peak (ML) at m/z =382 , 8.21 % and the base peak at r8& =100 %.

Synthesis of 2-[(benzylidene)-amino]-5-pentadecyl-1,3,4-thiadiazole (8) and 2-[(4-methoxybenzylidene)-amino] 5-

pentadecyl- 1,3.4-thiadiazole (9).

General procedure:

An equimolar mixture of compoundl (0.01lmole) and 0.01 mole of either benzaldehyde por
methoxybenzaldehydein 30ml ethanol was heatederurdfluxand monitored by TLC till completion aftghrs,
then cooled to the ambient temperature. The seszheatlid product was filtered off and crystalliZeaim ethanol to
give pure crystals of the corresponding arylidemaeiazol®or 9 respectively.

For compound8: IR (KBr), cmi®: vC=N at 1586 cm, aromatic and aliphatic bands at 3040 and 2910
respectively.MS (El, 70 eV), m/z (Irel, %):moleaulan peak (M-1) at m/z = 399, 92.86% and the base peak at
m/z= 112 , 100%.

For compound: IR (KBr), cni: vC=N at 1586 ci, vC-O at 1100 and ofp-substituted benzene ring at 961cm
beside aromatic and aliphatic bands at 3080 an8 g&spectively.MS (El, 70 eV), m/z (Irel, %):molémuion peak
(M™+3) at m/z = 434, 8.94% and the base peak at 87=100%.

Synthesis of 2-(5- pentadecyl-1,3,4-thiadiazole-2-yl)isoindoline-1,3-dione (10):

A mixture 0f0.01 mole of compountl was fused with 0.03 mole phthalicanhydrideon shath for 2hrs, then
cooled at room temperature. The melted product wasated with waterto afford the solid product iai was
filtered off, washed with water, dried and recrilstad from ethanol.IR (KBr), cift two vC=0 at 1735 and 1787
cmi’, and 2918, 2849 chrfor vCH aliphatic'H-NMR (DMSO- d6)3, ppmb at 0.8 (t,3H,terminal C), 1.3-1.6 (m,
26H,13CH), 1.84 (t, 2H,CH), and 7.8-8.2 (m, 4H,Ar-H). MS (El, 70 eV), m/z€l, %): molecular ion peak (i)
atm/z =441, 39 % and the base peak at mA4= 200 %.

Antibacterial, antifungal and antiyeast activation of the synthesized compounds:

The antimicrobial activities of the synthesizedthazoles in this study were determinediino using the hole plate
and filter paper disc method (Rosen, 1989) whichsmtered the most commonly used technique for aeténg
sensitivity of chemotherapeutic agents. Compounei®wissolved in 10% acetone at different concéatra (125,
250, 500 pg/ml). Agar plates were inoculated umiflgrfrom fresh broth culture of Gram +ve bactei@dherichia
coli), Gram —ve bacteriaBécillus subtilis), Fungi Pencicilliumchrysogenum), and yeastGandida albicans). The
disks were incubated at 28°C for 24hr, and the &arrimhibition zones were diffused into the agamfrthe disk
(this refers to the organism was inhibited by matpand were measured in mm [24 - 26].

Bacterial media: Nutrient agar and broth (pH 7Rgptone (0.5g), Beef extract (0.3g), Agar (15.0uJ distilled
water (1000.0)
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Fungal media: MgS 0.5g); KCI( 0.5g ); Sucrose (30.0g); FeS0.01g); NaNQ (3.0g); KHPO, ( 1.0g); Agar
(15.0g) and distilled water (1000.0 ml).
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Table 2: Antimicrobial activity of some synthesized thiadiazole compounds.

Compds Bacteria Fungi Yeast
E. coli (-ve) | B.subtilis(+ve) | P.chrysogenum | C. albicans
A MIC A MIC A MIC A MIC
+++ | 125 +++ 125 +++ 125 ++H 125
+++ | 125 ++ 250 +++ 125 ++1 125
++ 125 +++ 250 ++ 125 ++H 50(
+ 125 ++ 250 +++ 125 + 50(
500 ++ 500 + 250 + 500
++ 125 ++ 125 ++ 250 + 25(
++ 125 | +++ 250 ++ 125 ++1  25(
++ 125 ++ 250 ++ 250 + 25(
A = Antimicrobial activity of tested compounds
MIC = Minimuminhibitory concentration

+ => 10 mmdlightly active, ++ = >20 mm moderately active, +++=> 30 mm highly active.

Slo|~Njo| s wn|e
+
+

DISCUSSION

In one pot reaction ofpalmitic acid with thiosenmlzazide in presence of phosphorus oxychloride dédrthe
formation2-amino-5-pentadecyl-1,3,4-thiadiadol€he product was assumed to be constructed via fmmaf the
in situ palmitoyl chloride which in turn reacted svayclised with the thiosemicarbazide to give tber&sponding
thiazole (Scheme 2)

HO_ R
Y + poCl;, — C'WR

O 0
R=CsHy
Cl R
NH N W
HNT 2 N2 A N——NH
/k )'\ — R/</ﬂ R
H,N S H,N SH SHOo )
H /H
/ N—N R

L sy
H,N S R H,N S |/>O
OH Y
1

(Scheme 2)

IR spectrum showed a clear peak at 3311-3260cm-Nfft group and absorption peak at 1638-1554'fomthe
cyclic C=N frequencies in addition to C-Halipha#it 2920- 2850cfh Mass-spectrum showed molecular ion peak
(M*-1)at m/z =310, 0.56 % and the base peakzatm15 , 100 %.

Compoundl has been acetylated with acetic anhydride to dgive corresponding Also this compound N-(5-
Pentadecyl-1,3,4-thiadiazol-2-yl)-acetanfddR-spectrum showed NH at 3167¢amd C=O at 1692 cthand
molecular ion peak (VH1) on Mass spectrum at m/z =354.
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On the other hand reaction &fwith phenylisocyanate was carried out in boilingetane, the corresponding
thiadiazolyl ureaB was revealed. The product was formed via the phliéio addition of amino group in thiadizole
on the the carbonyl group of isocyanat.IR-spectshimwed the existence of C-H aromatic at 3062, CET¥ 44 and
3373,3220 ciffor NH absorption group in addition to C-Haliphaaic2920- 2850cth 'H-NMR spectrum showed a
multiple peak7.06-7.57ppm for the aromatic phemgt@ns and singlet peak at 8.7ppm for the two Nblpgs in
addition to a triplet peak at 0.9ppmfor the terrhi@&l; of the long fatty chain, and multiplet peak of &fhatic
protons at 1.3-1.6 ppmand 1.76.

Reaction ofl with acid chlorides such as benzoyl chloride anitpe-benzoyl was allowed in dry benzene using
triethylamine or pipridine as a catalyst, the cspanding aryl amide derivatives ofthiadiazdlesnd 5 were
afforded respectively via elimination of a hydramiidle molecule. IR- spectrum showed NHabsorptieakpat
3227-3116 and C=0 at 1668-1691triMass spectrum of compouhdhowed molecular ion peak (Mr1) at m/z
=416, 11.1% and460, 0.45% for compo&nd

Similarly,2-Amino-5-pentadecyl-1,3,4-thiadiazoléwas reacted with chloroacetyl chloride in dry bemeze
containing of piperidine or triethyl amine to gitree chloroacetamide derivat&veéWhen the product 6 was allowed
to react further with hydrazine in ethanol, theresponding amido hydrazin@ was obtained. Formation of
compounds6 and 7 was proceededVia elimination of hydrochloride noale from reactants in each case.IR
spectrum of6 showed NH group at 3230 and C=0 at 1691* ¢maddition to the aliphatic peaks.Mass-Spectrum
revealfntil molecular ion peak (Wat =388 , 18.7%. IR spectrum divhich showed NH group at 3222 and C=0 at
1693cn.

When 2-amino-5-pentadecyl-1,3,4-thiadiazole wasvadl to be fused with phthalic anhydride on sarith bhove

its melting point, 2-(5-pentadecyl-1,3,4- thiadib2eyl)isoindoline-1,3-dionel0 was gained via the well-known
condensation reaction process. IR spectrurhOo$howed two C=0 at1735, 1787 ¢rand disappearance of NH
peak in addition to the long alkyl chain at 29285@cn".

The Schiff's base5-pentadecyl-2-(benzylidene)-arlif®)4-thiadiazol® or5-pentadecyl-2-(4-methoxybenzylidene)-
1,3.4-thiadiazole9has been obtained from reactionlofvith either benzaldehyde or anisaldehyde respagtin
boiling ethanol along with few drops of triethyl an@ or piperidine. The reaction was proceeded videophilic
addition of amin group of thiadiazdléo the carbonyl group of the aldehyde followedelignination elimination of

a molecule of water to give the correspondingazbmes8 and9. IR spectrum which showed C=N at 1586tm
with the disappearance of MHand in both of 8 and 9 in addition to two absanptbandsat 1100 for C-O and
961cm'p-substituted benzene ring of compound 9. Masstspshowed molecular ion peak {M) at m/z = 399,
92.86% for compoun® and molecular ion peak (M3) at m/z = 434, 8.94% for compou@d

Biological activities of thiadiazolescompounds 1-10:

The biological activity of all synthesized composndontaining thiadiazolenucleus have exhibited high
moderateinhibitory effect against all employed mémganisms. Thiadiazolylacetamitas showed the highest
antimicrobial effect of all microorganisms and made effect on gram positive bacteria. The benzamid
derivativedlshowed the highest antifungal activity while wage fbwest influence on gram negatigeherichia
coliand Candida albicans yeast. Schiff's bas& showed the highest inhibitory effect onboth of graositive
bacteria andCandida albicansyeast.

In general, the results have illustrated clearlt $uch thiadiazole compounds are effective aniditeld the growth
of all tested microorganisms.

CONCLUSION

In this study we have performed the synthesis aflyahiadiazole derivatives having a long alkyl ghavith
molecular weight suitable for becoming an amphiphitolecule with correct hydrophilic-lypophilic kzaice. This
advantage could enhance their anti-microbial a@iwiand lowering their toxicity. Compouridsd 2have showed
the highest inhibitory effect on all employed micrganisms.
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