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Abstract

Novel 1,3,4-thiadiazole derivatives were prepargdciclization reaction of thiophene-2-
carboxylic acid withN-arylthiosemicarbazides and PQCThe antibacterial activities of the
synthesized compounds were tested against Grantivedpacteria $almonella enteritidis,
Salmonella typhimurium, Enterobacter aerogenesm8aklla infantis, Salmonella kentucky,
and Escherichia co)j Gram-positive bacterigS{aphylococcus aureus, Bacillus subtilis, and
Enterococcus duransand the fungu€andida albicansusing the disk diffusion method.
Selected 1,3,4-thiadiazole derivatives exhibitedeative antimicrobial activity against
Staphylococcus aureusC. albicans S. typhimurium Enterobacter aerogengsand S.
kentucky Therefore, 1,3,4-thiadiazole derivatives can bestlered as bioactive agents for
pharmacological and medicinal applications. Thettssized compounds were characterized
by using IR;*H NMR, and**C NMR spectroscopies and elemental analysis.

Keywords: thiophene-2-carboxylic acid, 1,3,4-thiadiazoled-arylthiosemicarbazides,

antimicrobial activity, spectroscopic methods.



1. Introduction

Heterocyclic chemistry is one of the most actii@ds of synthetic organic chemistry
research. Thiazoles, thiadiazoles, indoles, oxatkaz and pyrroles are important classes of
heterocyclic compounds due to their interestinddgical and synthetic applications [1-3].
Thiadiazole is a heterocyclic compound containinthimitrogen and sulfur atoms as part of
the five-membered aromatic ring. There are foumisoc forms of thiadiazole: 1,2,3-
thiadiazole; 1,2,5-thiadiazole; 1,2,4-thiadiazoderd 1,3,4-thiadiazole. The thermally most
stable among these four isomers is 1,3,4-thiadeafZjl

1,3,4-Thiadiazoles have been widely studied forr thiwlogical and therapeutic activities
with the following reported properties; antileishmad [5], antimicrobial [6,7], antifungal
[8,9], antibacterial [8,10], analgesjd1], anticonvulsani12,13], antioxidant [14], anti-
inflammatory [15], antipsychotic [16], antitumor 78], antidepressive [19],
antihypertensive [20], antiviral [21], antihistamaif22],and antitubercular [23]. Additionally,
1,3,4-thiadiazoles are broadly used in agricultuaglplications, such as in pesticides,
herbicides, fungicides, insecticides, and baceEi[23-25].

In this study,N-aryl-1,3,4-thiadiazole derivatives were preparecbigh the reaction of
thiophene-2-carboxylic acid,N-arylthiosemicarbazides, and phosphorous oxyctgorid
(POCE). The synthesized thiadiazoles were charactelif¢dNMR, and elemental analysis)

and studied as antimicrobial agents against 10aoiganisms.

2. Experimental

2.1.Measurement and reagents

All starting materials and solvents were purchafedh Aldrich, Carlo Erba, Acrds

Organics, or Merck Chemical Company and used witlfurther purification. Melting points



(uncorrected) were measured on a Stuart SMP 3@ratleermal apparatus. The elemental
analysis was performed on CHNS-932 (LECO). IR spewere recorded on Bruker Alpha
FT-IR spectrophotometetH NMR and**C NMR spectra were recorded in DMS@ah a
JEOL-ECS 400 MHz spectrometer using tetramethyisilas an internal standar@ihe
splitting patterns are indicated as s (single(dalblet), dd (doublet of doublet), t (triplet), td

(triplet of doublet) and m (multiplied).

2.2.Synthesis

The general procedure for thiadiazole synthesis a@dollows: The mixture of 2-
thiophenecarboxylic acid (n mol) aidarylthiosemicarbazide derivatives (n mol) waslelil
in a refrigerator and phosphorous oxychloride (3ol)mvas added drop-wise by stirring.
Then, refluxing was continued 9D for 4 h. After completion of the reaction, thextnre was
cooled to room temperature, poured into ice-coldewavith stirring, and then neutralized
with ammonia. The precipitated product was filtenedshed with water, and crystallized in a
suitable solvent. Novel thiadiazole derivatives aveynthesized according to the method [6]

illustrated in Scheme 1.
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Scheme 1Synthetic overview of 1,3,4-thiadiazole formation.

Synthesis of N-phenyl-5-(thiophen-2-yl)-1,3,4-thiadiazol-2-amine(l): Brown solid.
Yield: 88%. m.p. 70-72 °C. IR (KBO)ma/cm : 3360.4 (stretching, —NH), 3099.9 (Afzene
C—H), 2981.6 (Afiophene C—H), 1600.1 (thiadiazole, C=N), 709.2 (C-S—).NMR (400
MHz, DMSO-g) &/ppm: 10.48 (s, 1H, —NH), 7.68-7.66 (1H,Jd 4.9 Hz, thiophene), 7.60-
7.58 (2H, dJ = 7.9 Hz, ArH), 7.55-7.50 (1H, d,= 4.0 Hz, thiophene), 7.34-7.30 (2HJt
7.9 Hz, ArH), 7.14-7.12 (1H, 8 = 4.3 Hz, thiophene), 7.00-6.96 (1HJ& 7.3 Hz, ArH)*C

NMR (100 MHz, DMSO-¢) &/ppm: 164.1, 152.4, 140.9, 132.9, 129.7, 129.1,7,2822.7,
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118.1, 117.3. Anal. Calcd. for18HgNsS, (%): C, 55.58; H, 3.50; N, 16.20; found: C, 55.33;

H, 3.45; N, 15.99.

Synthesis of N-(3'-chlorophenyl-5-(thiophen-2-yl)-1,3,4-thiadiazé-2-amine  (11):
White solid. Yield: 84%. m.p. 166-168 °C. IR (KBs)a/cm* : 3185.0 (stretching, —NH),
3052.3 (Abenzene C—H), 2878.8 (Afiophene C—H), 1593.8 (thiadiazole, C=N), 716.0 (C-S-C).
H NMR (DMSO-d) &/ppm: 10.69 (s, 1H, —NH), 7.87 (s, 1H, ArH), 7.76& (1H, d,J = 4.9
Hz, thiophene), 7.57-7.56 (1H, d= 3.7 Hz, thiophene), 7.41-7.39 (1H, dds 7.3, 1.2 Hz,
ArH), 7.35-7.31 (1H, tJ = 8.2 Hz, ArH), 7.15-7.13 (1H, §, = 4.0 Hz, thiophene), 7.04-7.01
(1H, dd,J = 7.3, 1.8 Hz, ArH)*C NMR (DMSO-d) &/ppm: 163.59, 153.15, 142.19, 134.07,
132.70, 131.26, 129.69, 129.41, 128.78, 122.19,.4617116.51. Anal. Calcd. for

C12HgN3S,Cl (%): C, 49.06; H, 2.74; N, 14.30; found: C, 48.H, 2.88; N, 14.19.

Synthesis of N-(4'-chlorophenyl)-5-(thiophen-2-yl)-1,3,4-thiadianl-2-amine (llI):
White solid. Yield: 86%. m.p. 223 °C. IR (KBoa/cm * : 3250.3 (stretching, —NH), 3036.8
(Arenzene C—H), 2981.3 (Afiophene C—H), 1596.3 (thiadiazole, C=N), 690.2 (C-S-&J.
NMR (DMSO-d&) &/ppm: 8.24 (1H, s, —NH), 7.67-7.66 (1H,Xs 5.0 Hz, thiophene), 7.63-
7.61 (2H, dJ = 8.7 Hz, ArH), 7.53-7.52 (1H, d,= 3.7 Hz, thiophene), 7.37-7.35 (2H,J&
8.7 Hz, ArH), 7.14-7.12 (1H, t] = 4.7 Hz, thiophene}>C NMR (DMSO-@) &ppm: 163.8,
152.9, 152.6, 139.8, 132.6, 129.5, 129.3, 128.8,112119.6. Anal. Calcd. for1gHgN3;S,Cl

(%): C, 49.06; H, 2.74; N, 14.30; found: C, 48.852.69; N, 14.17.

Synthesis of N-(2'-fluorophenyl)-5-(thiophen-2-yl)-1,3,4-thiadiaml-2-amine (IV):
Yellow solid. Yield: 78%. m.p. 108 °C. IR (KBOma/cm *: 3434.6 (stretching, —NH), 3124.3
(Arpenzene C—H), 2981.9 (Afiophene C—H), 1622.1 (thiadiazole, C=N), 613.2 (C-S-&).
NMR (DMSO-d;) &/ppm: 10.29 (1H, s, —NH), 8.33-8.29 (1H,Jt= 8.2 Hz,Jur = 8.1 Hz,

ArH), 7.67-7.66 (1H, dJ = 5.0 Hz, thiophene), 7.53-7.52 (1H, d= 3.2 Hz, thiophene),



7.27-7.16 (2H, m, ArH), 7.14-7.12 (1H,Jt= 4.2 Hz, thiophene), 7.06-7.00 (1H, m, ArtfC
NMR (DMSO-&;) d/ppm: 164.2, 153.7, 153.6, 151.3, 132.9, 132.2,.6,3029.4, 129.2,
129.1, 128.8, 125.4, 125.3, 123.9, 123.8, 121.8,911115.7. Anal. Calcd. forgHgN3S;F

(%): C, 51.97; H, 2.91; N, 15.15; found: C, 51.B8.2.88; N, 14.99.

Synthesis of N-(4'-fluorophenyl)-5-(thiophen-2-yl)-1,3,4-thiadiaml-2-amine  (V):
White solid. Yield: 82%, mp: 175-178 °C. IR (KBu)s/cm ' : 3259.7 (stretching, —NH),
3164.6 (Abenzene C—H), 2876.3 (Afiophene C—H), 1587.5 (thiadiazole, C=N), 631.7 (C-S—C).
'H NMR (DMSO-d;) 8/ppm: 10.49 (s, 1H, NH), 7.68-7.66 (1H, H= 4.9 Hz, thiophene),
7.63-7.59 (2H, dJ = 4.3 Hz,Jue = 3.4 Hz, ArH), 7.53-7.51 (1H, d, = 3.7 Hz, thiophene),
7.12-7.19 (3H, m, thiophene(1H) and ArH (2Bl,= 9.2 Hz,Jy= = 9.1 Hz))."*C NMR
(DMSO-ds) &/ppm: 164.20, 159.11, 157.08, 156.74, 152.41, E37182.89, 129.38, 129.15,
128.73, 119.86, 119.77, 116.35, 116.12. Anal. CdtwdC,;,HgNsSF (%): C, 51.97; H, 2.91;

N, 15.15; found: C, 51.73; H, 2.87; N, 14.93.

Synthesis of N-(4'-nitrophenyl)-5-(thiophen-2-yl)-1,3,4-thiadiazd-2-amine  (VI):
Yellow solid. Yield: 95%. m.p. 237-240 °C. IR (KBu)a/cm * : 3168.9 (stretching, —NH),
3044.4 (Abenzene C—H), 2913.4 (Afiophene C—H), 1583.3 (thiadiazole, C=N), 687.3 (C—-S—C).
'H NMR (DMSO-d;) &/ppm: 11.21 (s, 1H, -NH), 8.22-8.20 (2H, 1= 8.5 Hz, ArH), 7.80-
7.78 (2H, dJ = 9.2 Hz, ArH), 7.71-7.70 (1H, d,= 4.9 Hz, thiophene), 7.59-7.58 (1H,Jk
3.1 Hz, thiophene), 7.15-7.13 (1H,Jt= 4.0 Hz, thiophene)*C NMR (DMSO-&) &/ppm:
162.9, 154.5, 146.6, 141.5, 132.5, 130.1, 129.8.812126.0, 117.6. Anal. Calcd. for

C12HgN4O-.S; (%): C, 47.36; H, 2.65; N, 18.41; found: C, 46.B82.76; N, 18.44.

Synthesis ofN-benzyl-5-(thiophen-2-yl)-1,3,4-thiadiazol-2-amingVIl): Yellow solid.
Yield: 90%. m.p. 95 °C; IR (KBbma/cm™ : 3188.0 (stretching, —NH), 3080.0 (Afzene C—

H), 2981.7 (Afhiophens C—H), 1571.7 (thiadiazole, C=N), 693.1 (C-S—t&).NMR (DMSO-



ds) O/ppm: 8.42-8.39 (1H, t] = 5.5 Hz, -NH), 7.59-7.58 (1H, d,= 4.9 Hz, thiophene), 7.38-
7.37 (1H, d,J = 4.2 Hz, thiophene), 7.35-7.29 (4H, m, ArH), 7282 (1H, m, ArH), 7.09-
7.07 (1H, tJ = 4.3 Hz, thiophene), 4.49-4.48 (2H Jd 5.5 Hz, -CH). 3C NMR (DMSO-d)
o/ppm: 168.50, 151.04, 138.95, 133.52, 128.95, ®8128.31, 128.28, 128.10, 127.74,
48.61.Anal. Calcd. for GH1iNsS; (%): C, 57.12; H, 4.06; N, 15.37; found: C, 56.9¥;

3.98; N, 15.16.

Synthesis ofN-(2'-methoxyhenyl)-5-(thiophen-2-yl)-1,3,4-thiadiarl-2-amine (VIII):
Yellow solid. Yield: 87%. m.p. 68-70 °C. IR (KBDma/cm * : 3187.1 (stretching, —NH),
3082.5 (Abenzene C—H), 2928.3 (Afiophene C—H), 1569.5 (thiadiazole, C=N), 694.8 (C-S-C).
'H NMR (DMSO-d) &/ppm: 9.85 (1H, s, -NH)8.24-8.22 (1H, dJ = 8.5 Hz, ArH), 7.64-
7.62 (1H, dJ = 4.9 Hz, thiophene), 7.48-7.46 (1HJds 3.7 Hz, thiophene), 7.13-7.10 (1H, t,
J = 4.3 Hz, thiophene), 7.03-6.91 (3H, m, ArH), 38, —OCH). °C NMR (DMSO-g)
o/ppm: 164.7, 153.0, 148.9, 133.1, 129.9, 129.0,9,2828.7, 123.6, 121.2, 119.7, 111.6,
56.3. Anal. Calcd. for GH11N30S, (%): C, 53.96; H, 3.83; N, 14.52; found: C, 53.88;

3.75; N, 14.28.

Synthesis of N-(3'-methoxyhenyl)-5-(thiophen-2-yl)-1,3,4-thiadiapl-2-amine  (IX):
White—yellow solid. Yield: 89%. m.p. 201-204 °C. (RBr) uma/cm * : 3267.0 (stretching, —
NH), 3062.8 (Abenzene C—H), 2960.7 (Afiophene C—H), 1578.3 (thiadiazole, C=N), 699.7 (C—
S—C).*H NMR (DMSO-d&) d/ppm: 10.49 (s, 1H, -NH), 7.68-7.66 (1H, d,= 4.9 Hz,
thiophene), 7.53-7.52 (1H, d,= 3.1 Hz, thiophene), 7.31 (1H, s, ArH), 7.24-7(28i, t,J =
8.2 Hz, ArH), 7.15-7.12 (1H, f] = 4.2, thiophene), 7.07-7.05 (1H, ddk 7.9, 1.8 Hz, ArH),
6.58-6.56 (1H, ddJ = 8.2, 2.1 Hz, ArH), 3.72 (3H, s, -OGH®C NMR (DMSO-&) &/ppm:
164.0, 160.5, 152.5, 142.1, 132.9, 130.5, 129.9,2228.7, 110.7, 108.1, 104.1, 55.6. Anal.

Calcd. for GsH11N30S, (%): C, 53.96; H, 3.83; N, 14.52; found: C, 53.1443.78; N, 14.60.



Synthesis of N-(4'-methoxyhenyl)-5-(thiophen-2-yl)-1,3,4-thiadianl-2-amine (X):
Yellow solid. Yield: 93%. m.p. 181-184 °C. IR (KBu)a/cm * : 3241.3 (stretching, —NH),
3111.3 (Abenzene C—H), 2981.9 (Afiophene C—H), 1588.2 (thiadiazole, C=N), 698.5 (C-S—C).
H NMR (DMSO-d) &/ppm: 10.27 (1H, s, —NH), 7.64-7.62 (1H, d#i,= 5.0, 0.9 Hz,
thiophene), 7.51-7.47 (2H, d, J = 8.2 Hz, ArH)47-7.45 (1H, dJ = 3.7 Hz, thiophene),
7.13-7.10 (1H, tJ = 4.3 Hz, thiophene), 6.92-6.88 (2H, H= 8.2 Hz, ArH), 3.69 (3H, —
OCHg). °C NMR (DMSO-@) &/ppm: 164.9, 155.3, 151.4, 134.4, 133.1, 129.0,8,2R28.7,
120.1, 114.9, 55.8. Anal. Calcd. fof811N30S, (%): C, 53.96; H, 3.83; N, 14.52; found: C,

53.90; H, 3.75; N, 14.73.
2.3. Antimicrobial Activity Testing
2.3.1. Microorganism Strains

Gram negative §. enteritidis S. typhimurium Enterobacter aerogenges$. infantis S.
kentucky andE. coli) and Gram positiveStaphylococcus aure&TCC 25923),B. subtilis
andEnterococcus durandacteria were selected for antibacterial actitaésting. The fungus
C. albicans(ATCC 26555)was selected for antifungal activity testing. Stoapycin and
ketoconazole were used as reference clinical stdadar the antibacterial and antifungal
activities, respectively. Most strains were ATCCSNDZ, and SL type standard ones. Other
strains, which have no standard ID information, evésolated from food samples and

identified in the Department of Biology at Ankarailersity.

2.3.2. Disc Diffusion Method

The disk diffusion method published by Andrews wesed for antimicrobial activity
testing [26]. Petri dishes (90 mm diameter) comtgyr25 mL of Mueller—Hinton Agar were

used [27,28]. The newly synthesized 1,3,4-thiadeaderivatives were dissolved in ethanol to



make a final concentration of 5 mg/mL. Thereaf@®, ug/mL, 50 pg/mL, and 80 pg/mL
samples were loaded on empty sterile antibioti€dighe disks were maintained at room
temperature for 24 h in aseptic conditions. Micgamrism suspensions (0.5 McFarland) were
inoculated on the surfaces of the Mueller—HintoraAglates and kept in aseptic conditions
for 2—3 min before application to the disks [29ftek 24 h, the zone of inhibition, including
the disk, was measured. The zone diameters wersumgehin millimeters. The disc diffusion

assay was performed in triplicate. Compoults VI, andIX were not tested because they

could not be dissolved in solvent.

3. Results and Discussion

3.1. Spectral characterization

Physical data, IRH NMR, and**C NMR of the synthesized compounds are presented in

Tables 1-4, respectively.

Table 1.Physical characterization data for synthesizedtt/dadiazoles.

. Melting .
Compounds -Ar IUPAC name YLeld Point Element.al Analysis
%0 C) (Theoretical/Found)

| CH N-(phenyl)-5-(thiophen-2-yl)- 88 70-72 (%): C, 55.58; H, 3.50; N,16.2(

6 1,3,4-thiadiazol-2-amine (%): C, 55.33; H, 3.45; N, 15.99
N-(3'-chlorophenyl)-5

3-Cl- . - (%): C, 49.06; H, 2.74; N,14.3(

Il CeHe (thlophen-22-3_/fli)r-TiLi,nSé4 thiadiazol; 84 166-168 (%): C, 48.74; H, 2.88; N, 14.19
N-(4'-chlorophenyl)-5-

4-Cl- . . (%): C, 49.06; H, 2.74; N,14.3(

Il CeHe (th|ophen-22/2;},;4-th|adlazol 86 223 (%): C, 48.95; H, 2.69; N, 14.17
N-(2'-fluorophenyl)-5-

2-F- . - (%): C, 51.97; H, 2.91; N,15.15

\ CeHs (th|ophen-22/2;},;4-th|adlazol 78 108 (%): C, 51.88: H, 2.88: N, 14.99
N-(4'-fluorophenyl)-5-

4-F- . . (%): C, 51.97; H, 2.91; N,15.15

\% CeHs (th|ophen-22/2;},;4-th|adlazol 82 175-178 (%): C, 51.73: H, 2.87: N, 14.95

VI 4-NO»- N-(4'-nitrophenyl)-5-(thiophen- 95 237-240 (%): C, 47.36; H, 2.65; N,18.41

CeHs 2-yl)-1,3,4-thiadiazol-2-amine (%): C, 46.98; H, 2.76; N, 18.44

N-( benzyl)-5-(thiophen-2-yl)- (%): C, 57.12; H, 4.06; N,15.37

Vil CeHsCH 1,3,4-thiadiazol-2-amine %0 9 (%): C, 56.97; H, 3.98; N, 15.16

N-(2'-methoxyhenyl)-5- A

2-OCH;- . . (%): C, 53.96; H, 3.83; N,14.52

VIII CeHe (th|ophen-222;,;3(;4-th|adlazol 87 68-70 (%): C, 53.88; H, 3.75; N, 14.28

IX - - -(3'-methoxyhenyl)-5- — 0): C, 53.96;
3-OCH; N-(3' hoxyhenyl)-5 89 201-204 (%): C, 53.96; BB3.N,14.52




CeHs (thiophen-2-yl)-1,3,4-thiadiazol (%): C, 53.74; H, 3.78; N, 14.60

2-amine
N-(4'-methoxyhenyl)-5-
(thiophen-2-yl)-1,3,4-thiadiazolt 93 181-184
2-amine

4-OCH;-
CeHs

(%): C, 53.96; H, 3.83; N,14.52
(%): C, 53.90; H, 3.75; N, 14.73

3.2.Interpretation of the IR Spectra

IR spectra were obtained between 4000 and 200" @n a Bruker Alpha FT-IR
spectrophotometer. At the end of the reaction,cimbonyl group absorption on the starting
material (carboxylic acid) was neither observedrrig#00 cm* nor the OH stretching band
observed at 3500-2700 cmFurthermore, the asymmetric and symmetric stiegchbands of
the N-arylthiosemicarbazides amino group (—lhvere not observed at 3500-3200 tm
Instead, new absorptions for the amine group (—blirjtching vibrations were observed at
3434.6-3168.9 cm, absorptions for —C=N group on the thiadiazole nimere observed at
1622.1-1569.5 ci, the —C-N group absorptions were observed at 329P94.7cm', and
C-S—C vibrations from the thiadiazole ring were esied at 716.0-613.2 cinfor the
synthesized compounds-K). The other remarkable very strong vibrationaldsawere in the
spectrum of compounds-X resulting from the Ar—Cl, Ar-F, -N§ -CH,, -C-O functions,
respectively. Ar-Cl absorption bands of compouHdsandlIll were observed at 866.2 and
871.3 cnt. Ar-F absorption bands were observed at 845.9827d3 cn for compoundsV
and V. The asymmetric and symmetric stretching bandshefnitro group (-Ng were
observed at around 1431.9 and 1304.5'dor compoundVl. The -CH absorption band of
compoundVIl was observed at 2888.7 ¢mThe —C-O group absorption bands of compounds
VIII-X were observed at 1245.1, 1234.7, and 1226.8, cespectively. These observations
provided key evidence for thiadiazole formatione3$é data are consistent with the values of
earlier reported for similar compounds [1,6,12,3@ble 2 lists the key IR absorptions of the
synthesized thiadiazole, and a representative #Rtgpm ofN-(4'-chlorophenyl)-5-(thiophen-

2-yl)-1,3,4-thiadiazol-2-amindl( ) is presented in Figure 1.
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Table 2.Key IR absorption frequencies of the synthesizedmmunds I-X).

Compounds | U(nw)-stretching | Uc-H (aromatic) Uc-H (Ar-thiophene) | Uc=N (thiadiazole) UcnN Ucsc
| 3360.4 3099.9 2981.6 1600.1 1255.3 709.2
I 3185.0 3052.3 2878.8 1593.8 1259.0 716.0
I 3250.3 3036.8 2981.3 1596.3 1241.2 690.2
v 3434.6 3124.3 2981.9 1546.4 1249.9 613.2
\% 3259.7 3164.6 2876.3 1587.5 1258.8 631.7
\ 3168.9 3044.4 29134 1583.3 1194.7 687.3
Vi 3187.1 3082.5 2928.3 1569.5 1259.5 694.8
Vil 3207.8 3102.3 2981.8 1599.9 1292.3 699.3
IX 3267.0 3062.8 2960.7 1578.3 1250.4 699.7
X 3241.3 3111.3 2981.9 1588.2 1278.3 698.5
C><)

90

70
1

60
1

Transmittance [%]

40

30
I

20
1

=@
o
I=p
oo
o —
Behis]

T T T T T T T
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Wavenumber cm-1

Figure 1. IR spectrum oN-(4'-chlorophenyl)-5-(thiophen-2-yl)-1,3,4-thiad@2-amine

().

3.3.Interpretation of théH NMR Spectra

The 'H NMR spectra of the synthesized compounds wererded in DMSO-¢ and the

chemical shifts are presented in Table 3. For camgsl-X, aromatic proton signals of the
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benzene ring were observed between 8.33 and 6156 g@pd aromatic proton signals of the
thiophene region were observed between 7.71 anf ppf. In compoundsv(ll , IX, and
X), —OCH; proton signals were observed as a singlet inghge of 3.83-3.69 ppm. The —NH
proton signals were observed as singlets in thgeraof 11.21-8.24 ppm for all the
compounds. For compoundl , the methylene group proton signal was detectea gsublet

at 4.49-4.48 (2H, d] = 5.5 Hz) ppm; the —NH proton signals were obsg¢@a® a triplet 8.42-
8.39 (1H, t,J = 5.5 Hz) A representativéH NMR spectrum ofN-(4'-chlorophenyl)-5-
(thiophen-2-yl)-1,3,4-thiadiazol-2-amindl() is presented in Figure 2. As seen in compound
[l , while aromatic protons (H4-H8) of benzene ringrev@bserved at 7.63-7.35 ppm,
aromatic protons (H1-H3) of thiophene ring wereesbed at 7.67-7.12 ppm. The H4 and H8
proton coupled to the H5 and H7 proton and detedtedblet peaks at 7.63-7.61% 8.7 Hz)
ppm, respectively. The H5 and H7 proton coupledh® H4 and H8 proton and detected
doublet peaks at 7.37-7.3% € 8.7 Hz) ppm, respectively. The H1 proton cougledhe H2
proton and detected doublet peaks at 7.67-7166%.0 Hz) ppm. The H2 proton coupled to
the H1 and H3 proton and detected triplet peakslat-7.12 J = 4.7 Hz) ppm. The H3 proton
coupled to the H2 proton and detected doublet peak&53-7.52 J = 3.7 Hz) ppm. The
amino group (—NH) proton signal showed as a singlehe range of 8.24 ppm. DMSQ-d
and water in DMSO (HOD, #¥D) signals were seen around at 2.50 (quintet) aB@ 3
(variable, based on the solvent atsdconcentration) ppm, respectively [31]. Thesaults are
consistent with the values of earlier reporteddionilar compounds [1,6,12, 30]. Moreover,
selected compounds’ IRH NMR, and **C NMR spectra were given as supplementary

material.
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Table 3."H NMR data of compounds fo+X, (8/ppm).

Hs
Hs
H H
H N\N 4 / | e
2 \ \ / A\ \ : §
S N H,
s H
Hl Hg
Aromatic protons (benzene) Aromatic protons (themd) -OCHs
Comp. or -NH
H4;H8 H5; H7 H6 AL H2 H3 -CH;
7.55-7.50
| 7.60-758 (2H, | 7.34-7.30 (2H,| 7.006.96 (IH, | 7.68-7.66 (1H, | 7.14-7.12 (IH, 1| ([ 5"57 ] 10.48
d,J=7.9Hz) | 4,J=79Hz) | t,J=73Hz) | d,J=49Hz) J=43Hz) 201 :
7.87 (1H, s)
| 7.04-7.01 (1H,| 7.35-7.31 (1H Za4§'_7'$93(11H2’ 7.70-7.68 (1H, | 7.15-7.13 (1H, t, (1'37;,7359 ] 10.69
dd,J=7.3,1.8| t,J=8.2Hz) =SSl g )= 4.9 H) J=4.0 Hz) G0 = :
Hz) 3.7 Hz)
Hz)
" 7.63-7.61 (2H,| 7.37-7.35 (2H, ) 7.67-7.66 (1H, | 7.14-7.12 (1H, t, (1'33;,735_2 ] 824
d,J=87Hz) | d,J=8.7Hz) d,J=5.0 Hz) J= 4.7 Hz) 37 He) :
N 8.33-8.29 (1M, 1) = 8.2 HzJur = 8.1 H2), ——rnr (13367553 _ o0
7.06-7.00 (1H, m), 7.27-7.16 (2H, m) d,J=5.0Hz) J=2 2l 3.2 Hz)
L RE TS e | s | 00 | | o
Jr=34Hz) | Jue=9.1Hz) e 3.7 Hz)
v | GGtk | do=Bs | - | 770N | TasTI@RL GD0T g
ArH) ArH), =4 =+ 3.1Hz)
Vil TEEEETERNG 7.25-7.22(1H, | 7.59-7.58 (1H, | 7.09-7.07 (1H, 1, (gﬁsgf_? 449- | g4
o9l ’ m) d,J= 4.9 Hz) J=43Hz) ashp | ass | 839
Vil 8.24-8.22 (1H, d)=8.5 Hz), 7.64-7.62 (1H, | 7.13-7.10 (1H, t, (1':8;,7343 283 | oss
7.03-6.91 (3H, m, ArH), dJ=49Hz) | J=43H2) 3.7 Hz)
731 (1H,s) | 6.58-6.56 (1H,| 7.07-7.05 (1H, ) ] 753752
IX | 7.24-7.20 (1H,| dd,J=8.2,2.1| dd,J=7.9, 1.8 L'Bf]fg |(_|1Z';' 7'%5_74122 SZ')* U @M dJ= | 372 | 1049
t,J=8.2 Hz) Hz) Hz) e =4 3.1Hz)
7.64-7.62
X 7.47-751 (2H,| 6.88-6.92 (2H, ) 718710 (AH, 4| 745747 | oo | 1007
d,J=8.2Hz) | d,J=8.2Hz) (1H,dd,J=50,| J=4.3Hz) (1H, d,J = : :
0.9 Hz) 3.7 Hz)
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Figure 2.'H NMR spectrum oN-(4'-chlorophenyl)-5-(thiophen-2-yl)-1,3,4-thiad@2-amine(lll ).

3.4.Interpretation of thé*C NMR Spectra

The*C NMR spectra of the synthesized compounds wemded in DMSO-¢ and the
chemical shifts are presented in Table 4. The ationtasignals from the benzene ring (C7—
C12) were observed between 157.1 and 104.1 pprallfaompoundsi€X), those from the
thiophene ring (C1-C4) were observed between 182d1121.2 ppm, and from the 1,3,4-
thiadiazole ring (C5 and C6) were observed betvidshS and 151.0 ppm.

In the presence of electronegative elements (—N\N;-€, and —F), the resonances of the
carbon atoms shifted down-field (high valuesspf Conversely, the carbon atoms resonated
up-field (low values ofd) due to the increase in electron density in thesg@nce of
electropositive atoms (Li, Si). In compoundk, V (two carbons)VI, and X, the C10

carbons resonated at 152.6; 157.1, 156.7; 151d;146.6 ppm, respectively. As for, the
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effect of different groups are seen in the compsuHid V, VI, andX, where the signals of
the para carbons are shifted upfield by the 4-Cl, 4-F, 4.N@nd 4-OCH groups, relative to
the signals of benzeng, (28.5 ppm). Additionally, in compound¢ andV, the C atoms (for
C7-C12) were also split into doublets due to inteng with the atomic nucleus of F.

The C6 signal was down-field compared to the C5 wuthe decrease in the electron
density from multiple inductive effects (surroundad heteroatoms). For all compoundis (
X) the C6 was observed between 168.5 and I&ih9 whereas C5 was observed between
159.1 and151.0 ppm.

In compounds\(lll , IX, andX), the methoxy carbon atoms (—O¢}Hesonated at 56.3,
55.6, and 55.8 ppm, respectively. In compound8 (, IX, andX), the C7-C12 carbon atoms
were affected by both methoxy (—OgHand amino (-NH, C7) groups. Therefore, the shift
induced by these substituents were added, whdreisignals of the carbons (C7-C12) were
observed up-field or down-field shifts relative ootho, metaand para position of these
groups.

For compound/ll , the methylene C13 was detected at 48.6 ppm. Tteseconsistent
with the values of earlier reported for similar qmounds [1,6,12,30,32]. A representativé
NMR spectrum ofN-(4'-chlorophenyl)-5-(thiophen-2-yl)-1,3,4-thiad@2-amine (Il ) is
presented in Figure 3.

Table 4.%°C NMR data of compoundsX, (5/ppm)

HH O~ D @4% v,

CompunaVli

Compounds-X except foVIl

R H 3-Cl | 4-Cl 2-F 4-F 4-NO, | H 2-OCH; 3- OCI—b 4-OCH;
I Il Il Iv?@ A VI VI VIII IX X

Cl 132.9| 131.3] 132.4 1329 128|7 128.§ 133.5 129.9 130.5 133.1
C2 129.1| 128.8] 128.§ 130.6 137/5 130.1 128.6 128.9 128.7 128.8
C3 122.7 | 122.2] 126.1 1212 1329 129.§ 12f.7 128.7) 129.2 128.7
C4 140.9| 132.7] 129.3 1322 152|4 132.5 138.9 129.0] 129.4 129.0
C5 152.4 | 153.1] 152.9 151.83 159|1 154.1 150.0 153.0] 152.5 155.3
C6 164.1| 163.6/] 163.§ 164.2 1642 162.9 168.5 164.7| 164.0 164.9
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C7 129.7 | 134.1] 139.8 1239 | 1294 | 1415 128.1] 133.1 142.1 134.4
123.8 | 129.2
J=45 =
Hz 12.0
Hz
Cs8 117.3| 129.4| 129.5 1294 | 116.4 | 117.6 128.2| 123.6 110.7 114.9
129.2 | 116.1
J=8 =
Hz 23.0
Hz
C9 118.1| 129.7| 119.6 1254 | 1199 | 126.0 128.9| 119.7 132.9 120.1
125.3 | 119.8
J=16 =
Hz 8.6 Hz
C10 128.7| 1175 152.6 129.1 | 157.1 | 146.6 128.3| 121.2 108.1 151.4
128.8 | 156.7
J=26 =
Hz 234.5
Hz
Ci11 118.1| 142.2| 119.6 1159 | 1199 | 126.0 128.9| 111.6 160.5 120.1
115.7 | 119.8
J=34 =
Hz 8.6 Hz
C12 117.3| 116.5| 129.5 153.7 | 116.4 | 117.6 128.2| 148.9 104.1 114.9
153.6 | 116.1
2275 | 23.0
Hz Hz
C13 - - - - - : 48.6 | - - -
R - - - - - 56.3 55.6 55.8

2In compoundg$V (different six C) and/ (different four C), C7-C12 atoms were observed gmtb doublets by

interacting with the atomic nucleus of F.

is e 02

0 G 002 D03 04 Q05 06 007 008 008 Bl 001 02 603 004 0SB 00T

abumadancs

A ’ "L b " o

ey . e : . L . ' ' ' '
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X : parts per Millien +Carbon13

Figure 3."*C NMR spectrum oN-(4'-chlorophenyl)-5-(thiophen-2-yl)-1,3,4-thiad@2-amine (Il ).
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3.5. Antimicrobial Activity

In vitro antimicrobial activity tests of the synthesize8,4;thiadiazoles were performed
against nine different bacteri&dlmonella enteritidis, Staphylococcus aureus, Saétha
typhimurium, Enterobacter aerogenes, Salmonellanté$, Bacillus subtilis, Salmonella
kentucky, Escherichia coland Enterococcus durafsand one fungusGandida albicans
using the disk diffusion method. The antimicrobgitivities were measured with zone
inhibition in mm and the results were presentedable 5. Compoundg andVIIl revealed
antifungal activity agains€. albicans,with inhibition zones of 7 and 8 mm, respectively.
Compared tostandard of Ketoconazole (13 mm), compountisand VIII were shown
moderate antifungal activity. All the tested compdsi (compoundHBl , VI, andIX could not
be tested due to solubility issues) revealed act@gl activity againstStaphylococcus
aureus Compoundl has the best antibacterial activity agaiStiphylococcus aureusith
inhibition zones of 14 mm at 80 pg/mL. Comparedstandard of Streptomycin (18 mm),
compoundsV, VII andX haveshown good antibacterial activities, while compaaihdil ,
IV, and VIl have exhibited moderate antibacterial activitieem@oundV demonstrated
good inhibition againstStaphylococcus aureuat 50 and 80 pg/mL. The order of the
antimicrobial activity againsdtaphylococcus aureus as followsV=VIl >X>[>11 >V >VIII
(30 pg/mL), V>VII >X>1>1>VIHE =V (50 pg/mL), andll >V>VII>X>1>IV>VIE - (80
pg/mL).

Compoundll reported antibacterial activity agairSt typhimuriumwith an inhibition
zone of 7 mm. Compoundil revealed antibacterial activity agaifiStterobacter aerogenes
with inhibition zones of 8, 9, and 9 mm using 30, &hd 80 pg/mL, respectively. Compounds
VIII andX indicated antibacterial activity agair$st kentuckyvith inhibition zones from 7 to

9 mm. Nevertheless, none of the tested compoundsmigrated antibacterial activity against
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the remaining five bacterial strain$.( enteritidis, S. infantis, B. subtilis, E. codind
Enterococcus durans

The synthesized 1,3,4-thiadiazoles presented ohffedlegrees of antimicrobial activity.
All of the testable compounds presented significattibacterial activity against
Staphylococcus aureusSelected compounds presented antimicrobial actiaginst C.
albicans S. typhimurium, Enterobacter aerogenesd S. kentuckyhowever, none of the
compounds presented antimicrobial activity agaBisenteritidis, S. infantis, B. subtilis, E.
coli, andEnterococcus duranslhese results corroborate those of Hussain et3l [Bhey
synthesized novel 4-amino-2-{5-[(4-substitutedphimino]-1,3,4-thiadiazole-2-yl} phenol
derivatives and found them to display antibactea@ivity againstE. coli (Gram negative)
and Staphylococcus aurey§&ram-positive) bacteria. Moreover, Gur and cokeos studied
1,3,4 ithiadiazole moiety and their antimicrobial actiegi [34]. They found antifungal
activity againstC. albicans antibacterial activities again§taphylococcus aureu$ram-
positive) and Enterobacter aerogeng$ram negative). Bhat and co-workers studied
antimicrobial activities of 3-(1,3,4-thiadiazoleyPguinoline derivatived35]. They found
antibacterial activities againSt typhimuriun{Gram negative).

Table 5. Antimicrobial activity results of compoundisli, IV, V, VI, VIII , andX.

Microorganisms, zone of inhibition (mm)
S.
pal/ C. Stap. S. E. S. B. S. E. E.
Comp. enterit
mL albicans| aureus| Typhimur.| aerogeneg infants | subtilis| kentucky| coli | durans
idis
30 - - 10
| 50 10 8
80 - - 10
30 - - 8 7
I 50 9 7
80 - - 14 7
30 - - 7
\Y
50 - - 8
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80 [ - - 9
0| - 7 12
v 50 | - 7 13
80 | - 8 13
0| - - 12 - 8
VI 50 | - - 12 - 9
80 | - - 12 - 9
0| - 7 - - - - - 9
VIl 50 | - 7 8 : - - : 9
80 | - 7 8 : - - : 9
0| - - 11 - - - : 7
X 50 | - - 11 - - - : 7
80 | - - 11 : - - - 7
Strept. | 80 | 5 NA 18 12 15 6 2 14 - 5
Ketoco. | 80 | NA 13 NA NA NA NA NA NA | NA | NA

Strep. : StreptomycinKetoco.: Ketoconazole NA = not applicable

Note: Compoundil , VI, andIX could not be studied due to solubility issues

4. Conclusions

In this study, novel 1,3,4-thiadiazole compoundsewsynthesized from the reaction of
thiophene-2-carboxylic acid and-arylthiosemicarbazides in the presence of phosptsor
oxychloride at reflux. The synthesized compoundsencharacterized by using B NMR,
and °C NMR spectroscopies and elemental analysis. Theiltieg 1,3,4-thiadiazole
derivatives were prepared in excellent yields (49 and tested for the antimicrobial
activity. Selected compounds demonstrated actiagainst Staphylococcus aureus, C.
albicans S. typhimurium, Enterobacter aerogenasdS. kentuckyit was seen that the 1,3,4-
thiadiazole compounds have antibacterial activityaiast Staphylococcus aureus, S.
typhimurium, Enterobacter aerogenesidS. Kentuckyalong with antifungal activity against
C. albicans Compoundl is the best antibacterial activity agai®aphylococcus aureus
(gram-positive). Compoundg, VIl andX wereshown good antibacterial activities against

Staphylococcus aureus.

19



Acknowledgements:We would like to thank Kastamonu University (Grawd. KUBAP-

01/2014-26) for its financial support of this wollke are grateful to the Scientific Research

Center for Industrial and Technological Applicasaand Research Centre (BETUM) and Dr.

Hatice Karadeniz for taking the NMR spectra.

Supplementary Material

IR, 'H NMR, and **C NMR, spectra of the compounds are given in thppstting

information.

Conflict of Interest: The authors declare that they have no conflichtdrest.

References

[1] H. Kumar, S.A. Javed, S.A. Khan, M. Amir, 1,3,4-@kzole/thiadiazole and 1,2,4-
triazole derivatives of biphenyl-4-yloxy acetic @csynthesis and preliminary evaluation
of biological properties, Eur. J. Med. Chem. 43(14p008) 2688-2698.
https://doi.org/10.1016/j.ejmech.2008.01.039

[2] A.K. Jain, S. Sharma, A. Vaidya, V. RavichandrarK.RAgrawal, 1,3,4/thiadiazole and
its derivatives: a review on recent progress idgieal activities, Chem. Biol. Drug Des.
81(5) (2013) 557-576. https://doi.org/10.1111/ch@d25

[3] H. Tahtaci, M. Er, T. Karakurt, K. Sancak, Syntkesf 1, 3, 4-thiadiazol-2 (3H)-one
derivatives via an unexpected intramolecular addiglimination reaction of 1, 3, 4-
thiadiazoles, Tetrahedron, 73 (2017) 4418-442%shitdoi.org/10.1016/.tet.2017.06.006

[4] K. Shrivastava, S. Purohit, S. Singhal, Studiesnitnogen and sulphur containing
heterocyclic compound: 1, 3, 4-thiadiazole, AsiaBidmed. Pharm. Sci. 3 (2013) 6-23.

[5] M. Behrouzi-Fardmoghadam, F. Poorrajab, S.K. A@@stS. Emami, A. Shafiee, A.
Foroumadi, Synthesis and in vitro anti-leishmarelivity of 1-[5-(5-nitrofuran-2-yl)-

1,3,4-thiadiazol-2-yl]- and 1-[5-(5-nitrothiophenyD-1,3,4-thiadiazol-2-yl]-4-

20



[6]

[7]

[8]

[9]

[10]

[11]

aroylpiperazines, Bioorg. Med. Chem. 16 (2008) 4509-4515.
https://doi.org/10.1016/j.omc.2008.02.052

M. Gur, N.Sener, H. M@lu, M.S. Cavy, O.E. Ozkan, F. Kandemirli, Sener, New 1, 3,
4-thiadiazole compounds including pyrazine moi&ynthesis, structural properties and
antimicrobial features, J. Mol. Struct. 1139 (2017) 111-118.
https://doi.org/10.1016/j.molstruc.2017.03.019

W.S. Hamama, M.E. Ibrahim, H.A. Raoof, H.H. Zoor@&ynthesis and antimicrobial
evaluation of some novel phenyl 15h Ithiazolo[4,3b][1,3,4] thiadiazole systems, J.
Heterocyclic. Chem. 54 (2017) 2360-2366. httpsi/fitg/10.1002/jhet.2826

P. Zoumpoulakis, C. Camoutsis, G. Pairas, M. Sakali Glamdglija, C. Potamitis, A.
Pitsas, Synthesis of novel sulfonamide-1,2 4-tlexo0 1,3,4-thiadiazoles and 1,3,4-
oxadiazoles, as potential antibacterial and angdliragents. Biological evaluation and
conformational analysis studies, Bioorg. Med. Che2D (2012) 1569-1583.
https://doi.org/10.1016/;.omc.2011.12.031

P. Li, L. Shi, M.N. Gao, X. Yang, W. Xue, L. H. JiD.Y. Hu, B.A. Song, Antibacterial
activities against rice bacterial leaf blight armmato bacterial wilt of 2-mercapto-5-
substituted-1,3,4-oxadiazole/thiadiazole derivaj\ioorg. Med. Chem. Let25 (2015)
481-484. https://doi.org/10.1016/j.bmcl.2014.12.038

Shirinzadeh, H., SUZEN, S., Altanlar, N., & Westly#l. D. Antimicrobial Activities of
New Indole Derivatives Containing 1, 2, 4-Triazolé, 3, 4-Thiadiazole and
Carbothioamide. Turk. J. Pharm. Sci. 15(3) (2018)-297. DOI: 10.4274/tjps.55707

G. Chawla, U. Kumar, S. Bawa, J. Kumar, Synthesed avaluation of anti-
inflammatory, analgesic and ulcerogenic activities 1,3,4-oxadiazole and 1,2,4-
triazolo[3,4-b]-1,3,4-thiadiazole derivatives, hzyme Inhib. Med. ChenR7(5) (2012)

658-665. https://doi.org/10.3109/14756366.2011.8365

21



[12]

[13]

[14]

[15]

[16]

[17]

[18]

J.J. Luszczki, M. Karpska, J. Matysiak, A. Niewiadomy, Characterizationd a
preliminary anticonvulsant assessment of some -ikiadliazole derivatives, Pharmacol.
Rep.67 (2015) 588-592. https://doi.org/10.1016/j.pha26p4.12.008

B. Sharma, A. Verma, U.K. Sharma, S. Prajapatickeffit synthesis, anticonvulsant and
muscle relaxant activities of new 2-((5-amino-1;8édiazol-2-yl)methyl)-6-phenyl-
4,5-dihydropyridazin-3(2H)-one derivatives, Med. edh Res. 23 (2014) 146-157.
https://doi.org/10.1007/s00044-013-0618-0

I. Khan, S. Ali, S. Hameed, N.H. Rama, M.T. Huss&nWadood, R. Uddin, Z. Ul-Haq,
A. Khan, S. Ali, M.l. Choudhary, Synthesis, antidant activities and urease inhibition
of some new 1,2 4-triazole and 1,3,4-thiadiazolevdéves, Eur. J. Med. Chem. 45(11)
(2010) 5200-5207. https://doi.org/10.1016/j.ejm26t0.08.034

A.A. Kadi, E.S. Al-Abdullah, I.LA. Shehata, E.E. HapT.M. Ibrahim, A.A EI-Emam,
Synthesis, antimicrobial and anti-inflammatory eitiés of novel 5-(1-adamantyl)-1,3,4-
thiadiazole  derivatives, Eur. J. Med. Chem. 45 (801 5006-5011.
https://doi.org/10.1016/j.ejmech.2010.08.007

H. Kaur, S. Kumar, P. Vishwakarma, M. Sharma, KSéxena, A. Kumar, Synthesis and
antipsychotic = and  anticonvulsant activity of some ewn substituted
oxa/thiadiazolylazetidinonyl/thiazolidinonylcarbdes, Eur. J. Med. Chem5 (2010)
2777-2783. https://doi.org/10.1016/j.ejmech.201M6Q

K. Sancak, Y. Unver, M. Er, Synthesis of 2-acylamiB-aroylamino and ethoxycarbonyl
imino-1,3,4-thiadiazoles as antitumor agents, TarkChem. 31 (2007) 125-134.

S.M. Gomha, S.M. Riyadh, E.A. Mahmmoud, M.M. ElaassSynthesis and anticancer
activity of arylazothiazoles and 1,3,4-thiadiazolesing chitosan-grafted-poly(4-
vinylpyridine) as a novel copolymer basic catalyg@hem. Heterocycl. Comp. 51 (2015)

1030-1038. https://doi.org/10.1007/s10593-016-1815-

22



[19]

[20]

[21]

[22]

[23]

[24]

[25]

M. Yusuf, R.A. Khan, B. Ahmed, Syntheses and aspirédssant activity of 5-amino-1, 3,
4-thiadiazole-2-thiol imines and thiobenzyl derivas, Bioorg. Med. Chenil6 (2008)
8029-8034. https://doi.org/10.1016/j.bmc.2008.08.05

S. Turner, M. Myers, B. Gadie, A.J. Nelson, R. Rap&. Saville, J.C. Doxey, T.L.
Berridge, Antihypertensive thiadiazoles. 1. Synihed some 2-aryl-5-hydrazino-1,3,4-
thiadiazoles with vasodilator activity, J. Med. Ghe 31 (1988) 902-906.
https://doi.org/10.1021/jm00400a003.

M. Kritsanida, A. Mouroutsou, P. Marakos, N. Pous.S. Papakonstantinou C.
Pannecouque, M. Witvrouw, E. De Clercq, Synthests antiviral activity evaluation of
some new 6-substituted 3-(1-adamantyl)-1,2,4-ttd3p4-b][1,3,4]thiadiazoles, Il
Farmacq 57 (2002) 253-257. https://doi.org/10.1016/S0824X(01)01189-2.

E.E. Orug, S. Rollas, F. Kandemirli, N. Shvets, ABimoglo, 1,3,4-Thiadiazole
Derivatives. Synthesis, Structure Elucidation, étducture—Antituberculosis Activity
Relationship Investigation, J. Med. Chem.47  (2004) 6760-6767.
https://doi.org/10.1021/jm0495632

Y. Hu, C.Y. Li, X.M. Wang, Y.H. Yang, H.L. Zhu, 18 Thiadiazole: Synthesis,
reactions, and applications in medicinal, agricaltuand materials chemistry, Chem.
Rev.114 (2014) 5572-5610. https://doi.org/10.1021/c48H

X.J. Zou, L.H. Lai, G.Y. Jin, Z.X. Zhang, Synthesigngicidal activity, and 3d-gsar of
pyridazinone-substituted 1,3,4-oxadiazoles andd4fdadiazoles, J. Agric. Food Chem.
50 (2002) 3757-3760. https://doi.org/10.1021/jf0GD1

X.M. Ding, ZW. Zhai, L.P. Lv, Z.H. Sun, X.H. LiuMicrowave assisted synthesis of
new s-substituted derivatives of 1,2,4-triazol@HB][1,3,4] thiadiazole and evaluation of

their antifungal activity,). Chem. Soc. PakistaB8 (2016) 990-995.

23



[26]

[27]

[28]

[29]

[30]

[31]

[32]

J.M. Andrews, BSAC standardized disc susceptibility ibgstmethod (version 4), J.
Antimicrob. Chemothel56 (2005) 60-76. https://doi.org/10.1093/jac/dkil24

C.S. Eddy, L.S. Anjeeva, R. Saddam R. Kumar, A.jarj, Synthesis of new 1,2,4-
triazole[3,4-b][1,3,4]thiadiazoles bearing pyrazake potent antimicrobial agents, Chem.
Pharm. Bull. 58 (2010) 1328-1331. https://doi.o@g1P48/cpb.58.1328.

G.L. Almajan, S.F. Barbuceanu, G. Bancescu, |. iBataG. Saramet, C. Draghici,
Synthesis and antimicrobial evaluation of some duketerocyclic [1,2,4]triazolo[3,4-
b][1,3,4]thiadiazole derivatives, Eur. J. Med. Chem5 (2010) 6139-6146.
https://doi.org/10.1016/j.ejmech.2010.10.007

M.A. Syed, A.K. Ramappa, S. Alegaon, Synthesis evaluation of antitubercular and
anti-fungal activity of some novel 6-(4-substitutag/l)-2-(3, 5-dimethyl-1H-pyrazol-1-
yl) imidazo [2, 1-b][1, 3, 4] thiadiazole derivagig, Asian J. Pharm. Clin. Res. 6 (2013)
47-51.

H. Muglu, N. Sener, H.A.M. Emsaed, S. Ozkinali, O. E. Ozkan, Mr.Gynthesis and
characterization of 1, 3, 4-thiadiazole compoureisvéd from 4-phenoxybutyric acid for
antimicrobial activities, J. Mol. Struct. 1174 (1 151-159.
https://doi.org/10.1016/j.molstruc.2018.03.116

D.H. Williams, I. Fleming, Spectroscopic methodsairganic chemistry, McGraw-Hill
Book Company: London, 1989; pp. 35-142.

M. Er, A. Ozer,S. Direkel, T. Karakurt, H. Tahtaci. Novel substédtbenzothiazole and
Imidazo [2,1-b][1,3,4] Thiadiazole derivatives: 3$yaesis, characterization, molecular
docking study, and investigation of their in vitamtileishmanial and antibacterial
activities, J. Mol. Struct. 1194 (2019) 284-296.

https://doi.org/10.1016/j.molstruc.2019.05.104

24



[33] S. Hussain, J. Sharma, M. Amir, Synthesis and acrtioial activities of 1,2,4-triazole
and 1,3,4-thiadiazole derivatives of 5-amino-2-loyybenzoic acid, Eur. J. Cherh.
(2008) 963-968. http://dx.doi.org/10.1155/2008/924.7

[34] M. Giir, N.Sener, C.A. Katas, O.E. Ozkan, H. Mglu M.A. Elmaswari, Synthesis and
characterization of some new heteroaromatic comgtiaving chirality adjacent to a 1,
3, 4'1thiadiazole moiety and their antimicrobial actiegj J Heterocycl. Chem. 54 (2017)
3578-3590. https://doi.org/10.1002/jhet.2984.

[35] A.R. Bhat, A. Azam, I. Choi, F. Athar, 3-(1,3,4-8diazole-2-yl)quinoline derivatives:
Synthesis, characterization and anti-microbiahégti Eur. J. Med. Chend6(7), (2011)

3158-3166. https://doi.org/10.1016/j.ejmech.201103.

25



Highlights

* New 1,3,4-thiadiazoles based on thiophene-2-carboxylic acid were synthesi zed.
* The structures were determined using spectroscopic methods.

* The synthesized compounds were examined for antimicrobial activities.

 Some 1,34-thiadiazoles had effective antimicrobial activity against S aureus, S
typhimurium, E. aerogenes, S kentucky, and C. albicans.
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