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Abstract

In this study, some 1,4-disubstituted thiosemicarbazide, 1,2,4-triazole and 1,3,4-thiadiazole type novel compounds derived from 3-hydroxy-
2-naphthoic acid hydrazide were synthesized to screen for their antimicrobial activity. The structures of these substances were elucidated
using elemental analysis and UV, 'H NMR, and mass spectral methods. All of these compounds were tested in vitro for their antibacterial

and antifungal activity.
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1. Introduction

Some aroylthiosemicarbazide derivatives have recently
been reviewed. The considerable biological activities of
aroylthiosemicarbazides are responsible for this interest. Fur-
thermore, the chemistry of these structures is very interesting
and 1,2,4-triazoline-5-thione and 1,3,4-thiadiazole rings can
be obtained from these compounds [ 1,2]. The investigations
showed that 1-aroyl-4-substituted thiosemicarbazides [ 3-8],
3,4-disubstituted-1,2,4-triazoline-5-thiones [6-9] and 2,5-
disubstituted-1,3,4-thiadiazoles [3,10] have antimicrobial
activity. Therefore 16 original compounds derived from 3-
hydroxy-2-naphthoic acid hydrazide, which have these struc-
tures, have been synthesized to establish their possible
antibacterial and antifungal activity.

2. Chemistry

For the synthesis of 1-aroyl-4-substituted thiosemicarba-
zides Ia—d, 3-hydroxy-2-naphthoic acid hydrazide I was
added to ethyl-, cyclohexyl-, benzyl- and p-fluorophenyl-
sothiocyanates. 1,3,4-Thiadiazole IVa—d and 1,2,4-triazo-
line-5-thione ITa—d derivatives were obtained by the cycli-
zation of the thiosemicarbazides in acidic medium and

* Corresponding author.

alkaline medium, respectively. Furthermore, acetylated
derivatives of the 1,2,4-triazoline-5-thiones IIle-h have also
been synthesized. All of the triazoles underwent acetylation
from the hydroxyl group, but two compounds without a meth-
ylene group attached to the N4 nitrogen of the triazole ring
also underwent diacetylation from the N2 nitrogen of the
triazole (IIIf h). According to these results, electronic prop-
erties and/or spatial arrangements of groups linked to the N4
nitrogen of the triazole and also the heating time can be
important in acetylation reactions. The synthetic route to
these compounds is presented in Scheme 1 and the physico-
chemical properties of the synthesized compounds are listed
in Table 1.

The structures of these compounds were confirmed by UV,
'H NMR and mass (IIla,g and IVd) spectral methods
together with elemental analysis.

According to UV spectroscopic data, the K band of the
triazole ring was observed in the range 226-236 nm. All of
the compounds, which have benzyl- and p-fluorophenyl moi-
eties, exhibited the E band of the benzene ring at 204207
nm. The monoacetylation products (Ille,g) showed maxi-
mum absorbance at about 255-256 nm which was different
from the diacetylated ones.

The '"H NMR spectra of the compounds showed the signals
of aromatic protons in the range 6.92-8.75 ppm. For the
thiosemicarbazides, the signals of the protons linked to N1—
N2 and N3 nitrogens were shown at 11.16-11.44 and 7.76—
9.85 ppm, respectively. The signals of the hydroxyl protons
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Scheme 1. Synthetic route to compounds ITa—d, Illa~h and IVa-d.

of the naphthoy! ring were observed at 9.49-9.85 and 10.22-
10.73 ppm in thiosemicarbazides and nonacetylated triazoles,
respectively; in thiosemicarbazides, the signals of the
hydroxyl protons appeared lower field than nonacetylated
triazoles. While the NH proton of the secondary amine of
thiadiazole was observed at higher field, the NH proton of
the nonacetylated triazole ring shifted lower field and it was
observed at 13.72-14.05 ppm as a singlet. In the diacetylated
triazoles, the signal of the NH proton was not observed and
the methyl protons of the acetyl groups (N-acetyl and O-
acetyl) showed two singlets at 2.23-2.73 ppm. In the
monoacetylated triazoles, only one singlet was observed at
2.18-2.16 ppm. These results supported the accuracy of our
compounds. The 'H NMR and mass spectral data were con-
sistent with the proposed structures.

The mass spectra of ITla,g and IVd revealed the molecular
ion (M) peaks (Table 2). Each of them showed fragments
characteristic of the substituted naphthol moiety at m/z 169,
141, 140 and 114. The main mass fragmentation patterns of
the compounds are shown in Scheme 2.

3. Experimental
3.1. Chemistry

Melting points were determined on a Biichi 530 melting
point apparatus and are uncorrected. UV spectra were
obtained on a Shimadzu UV 2100S spectrophotometer (1
mg/100 ml in ethanol). The elemental analyses were per-
formed on Carlo-Erba 1106 and Leco CHNS-932 instruments
and the results were within +0.4% of the theoretical values.
"H NMR spectra were taken on a Bruker AVANC-DPX 400
spectrometer in DMSO with TMS as internal reference;
chemical shifts & are expressed in ppm. Mass spectraof IIla,g
and IVd were obtained on a Fisons Instruments VG Platform
I LS-MS spectrometer.

3-Hydroxy-2-naphthoic acid hydrazide, ethylisothio-
cyanate and cyclohexylisothiocyanate were purchased from
Sigma. Benzylisothiocyanate and p-fluorophenylisothio-
cyanate were supplied from Fluka and Aldrich, respectively.
Sodium hydroxide, sulfuric acid, hydrochloric acid, acetic
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Table 2
The mass spectral data of IIla,g and IVd
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Comp. M™ (relative Characteristic ions (relative abundance in %)
abundance in %)
a 271 (100) 273 (M+2) (15),272 (M+1) (66),270 (21), 254 (54), 243 (32), 170 (19), 169 (28), 152 (15), 141 (40), 140
(23), 126 (15), 115 (14), 114 (33), 113 (23), 69 (19), 60 (19), 59 (19), 45 (15), 42 (23)
g 375 (23) 376 (M+1) (14), 334 (15), 333 (54), 169 (12), 141 (14), 140 (19), 114 (14), 92 (12), 91 (100), 65 (16), 43 (85)
vd 337 (46) 338 (M+1) (12), 187 (14), 169 (39), 168 (44), 155 (22), 141 (70), 140 (59), 128 (90), 115 (86), 114 (97), 109

(36), 102 (16), 95 (86), 88 (29), 83 (70), 75 (100), 63 (43), 57 (29), 51 (21)
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anhydride and methanol used in the experiments were all
purchased from Merck.

3.1.1. Synthesis of 1-(3-hydroxy-2-naphthoyl)-4-substituted
thiosemicarbazides Ila—d

0.0025 mol of I in 20 ml of ethanol was heated until it
dissolved. Ethyl-, cyclohexyl-, benzyl- or p-fluorophenyl-
isothiocyanate (0.003 mol) was added and the mixtures were
refluxed for 3 h. The crystalline product was recrystallized
from ethanol.

3.1.2. Synthesis of 1,4-dihydro-3-(3-hydroxy-2-naphthyl)-4-
substituted-SH-1,2,4-triazoline-5-thiones Illa—d

A solution of 0.0015 mol ITa—d in 2N sodium hydroxide
solution (4 ml) was heated under reflux for 2.5 h. After
cooling at room temperature, concentrated hydrochloric acid
was added. The precipitate was filtered and washed several
times with distilled water. The pure compounds were
obtained following crystallization from ethanol.

3.1.3. Synthesis of 1,4-dihydro-3-(3-acetyloxy-2-naphthyl)-
4-substituted-SH-1,2,4-triazoline-5-thiones Ille,g and
1,4-dihydro-1-acetyl-3-(3-acetyloxy-2-naphthyl)-4-
substituted-SH-1,2,4-triazoline-5-thiones IIf,h

A mixture of 0.0015 mol ITla—d and acetic anhydride (2.5
ml) was heated under reflux for 30 min. After cooling, dis-
tilled water was added. The resulting precipitate was filtered
and washed with distilled water. The residue was purified by
recrystallization with methanol.

3.1.4. Synthesis of 5-(3-hydroxy-2-naphthyl)-2-substituted
amino-1,3,4-thiadiazoles IVa—d

0.0015 mol ITa-d was dissolved in concentrated sulfuric
acid. The mixture was stirred at room temperature for 30 min.

Table 3
MIC values (pg/ml) of the compounds

It was poured into cooling water and washed with distilled
water. The precipitate was recrystallized from ethanol.

3.2. Microbiology

The antibacterial and antifungal activity of the 16 original
substances (Ila—d, Ila-h, IVa—d) and the starting com-
pound I were tested by the microdilution method [11-13].
In the determinations of antibacterial activity against Staph-
ylococcus aureus, Escherichia coli and Pseudomonas aeru-
ginosa and antifungal activity against Candida albicans,
Mueller-Hinton broth (pH 7.3) and yeast nitrogen base,
respectively, were used.

All of the compounds were dissolved in DMSO and con-
centrations of 0.25-500 p.g/ml were examined. The results
from these experiments were compared with those of ceftri-
axone (Roche) and miconazole (Sigma) as references for
antibacterial and antifungal agents, respectively. The concen-
tration ranges of ceftriaxone for Staph. aureus, E. coli and
Ps. aeruginosa were 0.015-32, 0.0019-3.84 and 0.12-256
g/ ml, respectively. For C. albicans, the concentration limits
were 0.05-100 pg/ml.

4. Results and discussion

The minimum inhibitory concentrations (MICs) of cef-
triaxone for Staph. aureus, E. coli and Ps. aeruginosa, are 2,
0.06 and 8 .g/ml, respectively, and the MIC of miconazole
for C. albicans is 0.05 pg/ml. These values are within the
limits given by the National Committee for Clinical Labora-
tory Standards (NCCLS) [13].

The MIC values of the compounds are listed in Table 3.
For nine compounds, the antibacterial activity against Staph.
aureus is better than that of the starting compounds I. The

Comp. Staph. aureus E. coli Ps. aeruginosa C. albicans
ATCC 29213 ATCC 25922 ATTC 27853 ATCC 2091

I 250 500 500 250

IIa 64 500 500 250

b 64 500 500 500

e 500 500 >500 250

IId 64 125 500 250

IIa 250 500 500 250

nm 250 250 500 250

e 250 500 500 125

1Id 250 500 500 250

e 125 500 500 250

mf 125 250 250 250

g 500 500 > 500 250

HIh 64 500 500 500

IVa 125 125 125 125

IVb 250 500 500 250

IVe 125 125 125 125

Ivd 125 250 250 125
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thiadiazole derivatives, except for IVb, have better activity
than I against all the examined bacteria and the fungus. When
the acetylated triazoles are compared with the nonacetylated
triazoles, it is observed that the acetylated ones (especially
IITh), except for Illg, are more potent against Staph. aureus.
IIc and ITIg, which have the benzyl moiety, were found to
exhibit less antibacterial activity against Staph. aureus and
Ps. aeruginosa than 1. The antibacterial activity against
Staph. aureus of the thiosemicarbazide derivatives, except
for Ilc, is about four times higher than that of I. As a result,
Ia,b,d and IITh were the most active compounds against
Staph. aureus, and may be considered promising for the
development of new antibacterial agents.
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