J. Serb. Chem. Soc. 72 (6) 539544 (2007) UDC 542.913+547.53.024+547.79:615.281
JSCS-3585 Short communication

SHORT COMMUNICATION
A facile synthesis and the antimicrobial activity of some
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Abstract: Some 4-aryltriazoles were synthesized and tested for their antibacterial ef-
fects against Bacillus cereus, Pseudomonas testosteroni, Klebsiella pneumoniae
Micrococcus flavus, and Citrobacter freundii. The 4-aryltriazoles were obtained by
cyclization of the potassium salt of the appropriately substituted dithiocarbazinic
acid with aromatic amines. The new synthesized compounds were characterized us-
ing infrared and 'H nuclear magnetic resonance spectroscopy and further supported
by mass spectrometry.
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INTRODUCTION

Amongst the five-membered nitrogen containing heterocycles, the position of ni-
trogen atoms at 1, 2 and 4 activates the ring. 1,2,4-Triazole and its derivatives represent
one of the most biologically active classes of compounds, possessing a wide spectrum
of activities.]™# Many workers have reported different activities of 4-aryltriazoles.
Chambers et al.® investigated 4-aryltriazoles for use in the treatment of neurogenera-
tive disease. Pier ef al.® reported them as irreversible antagonists at the Az, AyA ade-
nosine receptor.” Furthermore, many workers reported 4-aryltriazoles as aromatic ste-
roid sulfatase inhibitors,8 GSKK-3 inhibitiors,? anticancer, !0 fungicidal,!! antibacte-
rial,!2 anti-inflammatory,!3 PKB (protein kinase B)!4 inhibitors. Triazole derivatives
have also been reported as better therapeutic agents. !

It has also been shown that the antivirall® and antibacteriall7-18 activities of
thiourea derivatives are due to the presence of the -NH-C(S)-NH- function in the
molecule and that changes in this activity depend on the nature of the substituents.
With the aim of synthesizing better therapeutic agents, some new 4-aryltriazole de-

rivatives were investigated. All the synthesized compounds were characterized by
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infrared and 'H nuclear magnetic resonance spectroscopy. The compounds were
screened for their in vitro antibacterial activity towards Gram positive and Gram
negative bacterial strains.

EXPERIMENTAL

The following compounds were synthesized:

. HAS-D1: 5-(4-methoxyphenyl)-4-(4-methylphenyl)-4H-1,2,4-triazole-3-thiol

. HAS-D2: 4,5-bis(4-methoxyphenyl)-4H-1,2,4-triazole-3-thiol

. HAS-D3: 4-(4-chlorophenyl)-5-(4-methoxyphenyl)-4H-1,2,4-triazole-3-thiol
HAS-D4: 5-(4-methoxyphenyl)-4-(2-nitrophenyl)-4H-1,2,4-triazole-3-thiol
HAS-DS5: 5-(4-methoxyphenyl)-4-(3-nitrophenyl)-4H-1,2,4-triazole-3-thiol

. HAS-D6: 4-(2,4-dimethylphenyl)-5-(4-methoxyphenyl)-4H-1,2,4-triazole-3-thiol
. HAS-D7: 4-(2,3-dichlorophenyl)-5-(4-methoxyphenol)-4H-1,2,4-triazole-3-thiol
. HAS-D8: 5-(4-methoxyphenyl)-4-(2-methylphenyl)-4H-1,2,4-triazole-3-thiol

. HAS-D9: 4-(3-chloro-4-fluorophenyl)-5-(4-methoxyphenyl)-4H-1,2,4-triazole-3-thiol
10. HAS-D10: 4-(2-methoxyphenyl)-5-(4-methoxyphenyl)-4H-1,2,4-triazole-3-thiol

el e R N

Synthesis of 5-(4-methoxyphenyl)-4-(4-methylpenyl)-4H-1,2,4-triazole-3-thiol

Synthesis of the ester.!® A methanolic solution of p-methoxybenzoic acid containing few drops
of conc. sulfuric acid was refluxed for 6 h. The reaction mixture was then poured onto ice. The prod-
uct was isolated and treated with saturated sodium bicarbonate solution.

Synthesis of hydrazide.'® An equimolar mixture of ester and hydrazine hydrate was heated for
10 h and poured onto ice. The product was isolated and crystallized from ethanol.

Synthesis of potassium salt. A mixture of hydrazide, KOH and CS, in methanol was stirred for
12 h and poured onto ice. The product was isolated from diethyl ether.

CH,OH
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Scheme 1. Reaction scheme.
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Synthesis of 5-(4-methoxyphenyl)-4-(4-methylphenyl)-4H-1,2,4-triazole-3-thiol. A mixture of
the potassium salt and p-toludine was heated up to the evolution of H,S gas. DMF was added to this
mixture and the contents were poured onto ice. The crude product was filtered and crystallized from
ethanol, yield 65 %, m.p. 190 °C.

Similarly, the other 4-aryltriazoles were synthesized (Scheme 1).

Spectral data:

IR (KBr) cm'!. HAS-D1: 2948 (C—H str. asym), 1560 (C=C str. ring. ske.), 1656 (C=N str.),
2299 (S-H), HAS-D2: 2940 (C—H str. asym), 1514 (C=C str.), ring. ske.), 1641 (C=N str.), 2337
(S-H), HAS-D3: 2936 (C—H str. asym), 1516 (C=C str. ring. ske.), 1617 (C=N str.), 2302 (S-H),
HAS-D4: 2951 (C—H str. asym), 1519 (C=C str. ring. ske.), 1623 (C=N str.), 2308 (S-H), HAS-DS:
2945 (C—H str. asym), 1533 (C=C str. ring. ske.), 1629 (C=N str.), 2322 (S-H), HAS-D6: 2951 (C-H
str. asym), 1566 (C=C str. ring. ske.), 1622 (C=N str.), 2301 (S-H), HAS-D7: 2968 (C—H str. asym),
1577 (C=C str. ring. ske.), 1639 (C=Nstr.), 2309 (S—H), HAS-D8: 2972 (C—H str. asym), 1507 (C=C
str. ring. ske.), 1632 (C=N str.), 2299 (S-H), HAS-D9: 2939 (C—H str. asym), 1551 (C=C str. ring.
ske.), 1616 (C=N str.), 2302 (S-H), HAS-D10: 2958 (C—H str. asym), 1581 (C=C str. ring. ske.),
1636 (C=N str.), 2323 (S-H).

'H NMR (DMSO). HAS-D1: 3.78 (3H, s, OCHy), 2.45 (3H, s, CH3), 11.66 (1H, s, SH), 6.78
[2H, d (J=8.85Hz), Ar-H], 7.28 [2H, d (/= 8.22 Hz), Ar-H], 7.25 [2H, d (J=9.2.88 Hz), Ar-H], 7.17
[2H, d (J=8.10 Hz), Ar-H].

Mass. HAS-D1: m/z 136, 154, 165, 224, 284, 298.

Antibacterial activity

Test microorganisms. The bacterial strains studied were identified strains and were obtained
from the National Chemical Laboratory (NCL), Pune, India. The investigated microorganisms were
Bacillus cereus, Pseudomonas testosteroni, Klebsiella pneumoniae, Micrococcus flavus and Citro-
bacter freundii.

Preparation of the test compound solutions. The different concentrations, i.e., 20, 10 and 1
mg/L were prepared in DMSO for all the synthesized compounds.

Preparation of the plates and microbiological assays. A loopful of the given test strain was in-
oculated in 20 mL of N-broth (Nutrient Broth). To activate the given bacterial strain, the N-broth
was incubated for 24 h in an incubator at 37 °C. The agar well diffusion method was used for the an-
tibacterial assay. Molten agar (Mueller Hinton Agar No. 2, 28-30 mL) was added into a 100 mm di-
ameter Petri dish. Care should be taken to avoid air bubbles during inoculation and pouring. To
maintain sterile condition, all these procedures were done in a laminar air flow. The media were al-
lowed to solidify. After solidification of the media, a well was made in the plates with the help of a
cup-borer (0.85 cm), which was filled with a solution of a synthesized 4-aryltriazole derivative in
DMSO.

The antibacterial activities of these synthesized compounds were determined by the inhibition
zone formed by these compounds against the particular test bacterial strain.

RESULTS AND DISCUSSION

The physical data of the synthesized compounds are recorded in Table I.

The antibacterial activity of all the compounds in DMSO against the above
mentioned bacteria is shown in Fig. 1. It can be observed that HAS-D6 showed the
maximum activity against B. cereus, followed by HAS-D2, HAS-D4, HAS-D7,
HAS-D8 and HAS-D9, which showed the same maximum activity against B. ce-
reus whereas HAS-D1, HAS-D3, HAS-D5 and HAS-D10 showed no activity at
all. The different activities of the synthesized compounds arise because of the dif-
ferent groups present. HAS-D6 contains the 2,4-dimethylphenyl group whereas
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HAS-D2 contains the p-methoxyphenyl group. Thus, 2,4-dimethylphenyl and
p-methoxyphenyl groups affect B. cereus in DMSO.

TABLE I. Physical constants of the synthesized compounds

R, Code M.wt./g mol! M.f. R{ value M.p./°C Yield/%
1 4-CH;-C¢H, HAS-DI  297.38 C,¢H,50N;S 0.63 190 66
2 4-OCH;-CgH, HAS-D2  313.38 C1gH;sON3S  0.59 196 79
3 4-Cl-C¢H,  HAS-D3 31780  C;4H;,OCIN;S  0.78 160 81
4  2-NO,~C4H, HAS-D4 32835 CsHj,0N,S 065 240 59
5  3-NO,~C4H, HAS-D5 32835 CsHj,O3N,S 045 260 77
6 2,4-(CH;),~C¢H; HAS-D6  311.40 C,7H,70N;S 0.51 162 74
7 23-Cl-C¢H; HAS-D7 35224  C,sH;;OCI,N;S  0.70 169 83
8  2-CH;C¢H, HAS-D8  297.38 C,¢H,sON;S 0.66 166 78
9 3-CL4-F-C¢H; HAS-D9 33579  C;sH;;OCIFN;S  0.61 135 64
10 2-OCH;-C¢H, HAS-DI0  313.38 C1¢H s0N3S  0.55 110 68

* Acetone: benzene = 0.5 : 9.5 for 1, 2, 5, 6, 7 and 9; Methanol: hexane =3 : 7 for 3, 4, 8 and 10
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Figure 1. Antibacterial activity of compounds HAS-D1 to HAS-D10.
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Against P. testosteroni, again HAS-D6 showed the maximum activity, fol-
lowed by HAS-D2 However, against this bacteria, HAS-D1 and HAS-D10 also
showed activity. HAS-D10 and HAS-D1 contain the o-methoxyphenyl and p-met-
hylphenyl group, respectively, which were found to be effective against P. testoste-
roni. The other compounds showed no effect at all.

HAS-D6 also showed the maximum activity against K. pneumoniae. HAS-D3
and HAS-D9 showed no activity at all against this bacterium, while the other com-
pounds showed some activity.

Against M. flavus, HAS-D1 showed the maximum activity, followed by
HAS-D6 and HAS-D7. All other compounds had no effect on M. flavus.

Antibacterial activity against C. freundii was observed only with HAS-D6 and
HAS-DA4. The other compounds had no effect at all.

Thus, the substitute groups present in different compounds have different ef-
fects against different bacteria. It is observed from the above findings that the
2,4-dimethylphenyl group present in HAS-D6 was not effective against the bacte-
ria studied in the present investigation.

The most susceptible bacteria is K. pneumoniae and the most resistant is C. freundii.

U3BOJ

JEJHOCTABHA CMHTE3A 1 AHTUMMNKPOBHA AKTMBHOCT HEKUX
4-APUJITPUA3OIJIA

SHIPRA BALUJA!, SUMITRA CHANDAZ, RAJESH CHABHADIYAZ, NIKUNJ KACHHADIA !, RATHISH NAIR? 1
ASIF SOLANKI!

IDepartment of Chemistry, Saurashtra University, Rajkot-360005 u 2 Department of Bioscience, Saurashtra University,
Rajkot-360005, Gujarat, India

CHHTETHCAHU Cy HEKU 4-apUIITPUA30IId U UCIIUTAHO je BUXOBO aHTUOAKTEPHjCKO Jej-
CTBO Ha Bacillus cereus, Pseudomonas testosteroni, Klebsiella pneumoniae, Micrococcus flavus n
Citrobacter freundii. 4- Apuntpuaszonu cy foOHjeHN IUKIN3AI]OM KaJIMjYMOBUX COJIH TIOJIe-
CHO CYNICTUTYUCAHUX TUTHOKAPOA3NHCKUX KICEIMHA C apOMaTHYHUM aMiuHuMa. HoBocuHTe-
TH30BaHA je[[MHEHa Cy OKapaKTepucaHa npuMeHoM uHdpanpsene, 'H NMR crekTpocko-
Tvje ¥ MaceHe CIeKTPOMETpHje.

(Mpumibero 3. maja, peBupupano 6. centemopa 2006)
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