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Abstract—A series of novel N-alkyl/aryl-N0-[4-(4-alkyl/aryl-2,4-dihydro-3H-1,2,4-triazole-3-thione-5-yl)phenyl]thioureas 1–19 and
three S-alkylated representatives of the former, N-alkyl/aryl-N0-[4-(3-aralkylthio-4-alkyl/aryl-4H-1,2,4-triazole-5-yl)phenyl]thiour-
eas 20–22, were synthesized and tested for antimycobacterial activity against Mycobacterium tuberculosis H37Rv as well as Myco-
bacterium fortuitum ATCC 6841 which is a rapid growing opportunistic pathogen. Compounds 4 and 9–11 were found to possess
the same MIC value with that of Tobramycin against M. fortuitum ATCC 6841 whereas 1–3 and 21 had positive response against
M. tuberculosis H37Rv at varying degrees. Compound 21 was identified as the most potent derivative of the 1–22 series by an MIC
value of 6.25 mg/mL and selectivity index of 1.6. # 2001 Elsevier Science Ltd. All rights reserved.

Introduction

There has been an increasing demand for new anti-
tuberculosis agents, as the fast development of myco-
bacterial resistance to conventional drugs is one of the
major difficulties in the treatment of tuberculosis.
Among azoles, 1,2,4-triazoles have been reported to
exhibit antibacterial,1�5 antifungal,3�7 antiviral8 and
tuberculostatic9 activities. Earlier reports also indicated
similar biological properties such as antibacterial10 and
anti-HIV11,12 effects associated with substituted thiour-
eas. Thiacetazone [A] which possesses a thiosemicarba-
zone structure, has been reported as a tuberculostatic
agent. In a previous work, Doub and co-workers
revealed antituberculosis properties of a wide number of
phenylthioureas [B].13 Glasser and Dougthy also repor-
ted similarly the same type of activity associated with a
number of thiourea derivatives substituted with a het-
erocyclic ring at one nitrogen.14 Based on these obser-
vations we have prepared a number of N-substituted-N0-
[4-(4-alkyl/aryl-2,4-dihydro-3H-1,2,4-triazole-3-thione-5-
yl)phenyl]thioureas 1–19 as well as three S-alkylated
derivatives 20–22. The similarity of pharmacophores
present in our structures with those of reported anti-

tuberculosis agents led us to investigate the anti-
mycobacterial effects of these compounds (Fig. 1).

Chemistry

Synthesis of 1–22 required stepwise reactions including
benzoylation of benzocaine15 at the first step which
provided protection of the amino function during the
following two reactions (Scheme 1) and allowed to
introduce different groups at R1 and R2 positions.
Hydrazinolysis of I then gave 4-(benzoylamino)-
benzoylhydrazine II15 which was then reacted with
alkyl/aryl isothiocyanates to give 1-aroyl-4-alkyl/aryl
thiosemicarbazides III16 as described. Cyclocondensa-
tion of the latter to give 5-(4-aminophenyl)-4-alkyl/aryl-
2,4-dihydro-3H-1,2,4-triazole-3-thiones IV was per-
formed by refluxing III in alkaline medium.6 3-Ben-
zylthio-4-alkyl/aryl-5-(4-aminophenyl)-4H-1,2,4-triazoles
V were obtained as previously described by the reac-
tions of IV with appropriate benzylchlorides in etha-
nolic sodium hydroxide.17,18

The final step comprised of the reaction of the amines
IV or V with various alkyl or aryl isothiocyanates
yielding the corresponding title compounds 1–22. This
kind of reaction was reported to be performed in certain
dry solvents or mixtures.10,17,19�22 In the present study,
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dioxane–methanol (1:2, v/v) was tried and found to be
useful.23,24 The yields of title compounds seemed, how-
ever, to be affected by the possible formation of several
byproducts such as urethans.13 Another yield-limiting fac-
tor might be the side reaction of isothiocyanates with het-
erocyclic nitrogen at the second position of 1,2,4-triazoline
ring present in IV series.22 In spite of these probabilities,

spectral findings such as the 1H NMR resonances at 13–14
ppm due to heterocyclic NH–CS function and the lack of
resonances attributable to NH2 function supports the
regioselectivity of this reaction. Of these compounds, 8,25

20,26 2127 and 2228 were originally synthesized in the pre-
sent study and were characterized by UV, IR and 1H
NMR spectroscopy data as well as elemental analysis.

Figure 1.

Scheme 1. Synthetic route to 1–22. Reagents and conditions: (a) C6H5COCl/(C2H5)2O; (b) H2N–NH2
.H2O/EtOH, reflux; (c) R1-NCS/EtOH, reflux;

(d) NaOH (2 N), reflux; (e) Ar-CH2Cl/NaOH–EtOH; (f) R2-NCS/dioxane–MeOH (2:1, v/v), reflux.
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Results and Discussion

Antimycobacterial activity of the synthesized com-
pounds were investigated against M. fortuitum ATCC
6841, a rapidly growing strain, by the use of microdilu-
tion broth susceptibility method.29�32 As shown in
Table 1, most of the thiourea derivatives showed activ-
ity against M. fortuitum ATCC 6841 whilst six com-
pounds, 8, 12, 18 and 20–22 were found completely
inactive. Of the screened compounds, 4, 9, 10 and 11
were observed to have the same MIC with that of
tobramycin, the standard used, by 32 mg/mL. However,
it was also observed that the substituents at the terminal
nitrogen of thiourea function had no determining influ-
ence on the antimycobacterial activity towards M. for-
tuitum ATCC 6841.

Compounds 1–22 were also tested for in vitro anti-
tuberculosis activity against M. tuberculosis H37Rv
using the BACTEC 12B medium using a broth micro-
dilution assay, the Microplate Alamar Blue Assay
(MABA).33,34 Rifampicin was used as the standard in
the antimycobacterial assays. As shown in Table 1,
compounds 8 and 10 were completely inactive against
M. tuberculosis H37Rv at 12.5 mg/mL, whereas remain-
ing compounds exhibited varying degrees of inhibition
in the primary screen. Of these compounds, the ones
which exhibited < 90% inhibition in the primary screen
(MIC>12.5 mg/mL) were not considered for further
evaluation.

Compounds 1–3 effecting �90% inhibition in the pri-
mary screen at 12.5 mg/mL were re-tested at lower con-
centrations against M. tuberculosis H37Rv to determine
the actual MIC in a broth microdilution assay using
MABA. The MIC is defined as the lowest concentration

effecting a reduction in fluorescence of 90% relative to
controls. Only the re-test of 21 was performed using the
BACTEC 460 radiometric system as it could not be
achieved using MABA because of the fluorescent nature
of this compound.33

As illustrated in Table 2, only one 3-alklythio derivative
(21) of 1–22 demonstrated potent inhibitory activity
against M. tuberculosis H37Rv by an MIC value of 6.25
mg/mL, whereas remaining compounds 1–3, which were
selected for level 2 screening, did not possess an MIC
less than 12.5 mg/mL.

Compound 21 was also screened to assess toxicity to a
VERO cell line at concentrations equal to and greater
than the MIC for M. tuberculosis H37Rv.34 The IC50

value was found at a concentration level of >10 mg/mL
for compound 21 and the resulting selectivity index
(SI=IC50/MIC) was calculated as >1.6 (Table 2). Hav-
ing the SI<10, this compound was not considered to be
evaluated further due to its remarkable cytotoxicity.

Three representatives of 1–19 series, namely compounds
1–3 were tested in vitro for killing of M. tuberculosis
Erdman (ATCC 35801) in monolayers of mouse bone
marrow macrophages by determining EC90 and EC99,
lowest concentration effecting a 90 and 99% reduction,
respectively, in colony forming units at 7 days compared
to drug-free controls.35 As shown in Table 2, compounds
1–3 were observed to effect 90% reduction in myco-
bacterial growth at concentration levels 18–34-fold lower
than those of their MIC values whilst EC99 of the above
were extremely high to compare to that of standard used.

In many cases, it has been demonstrated that sub-
stituted thioureas may be of interest as antibacterial,

Table 1. Antimycobacterial activity versus M. fortuitum ATCC 6841 and primary antituberculosis activity screening results of 1–22

Compound R1 R2 R3 R4 MICa

(mg/mL)
MICb

(mg/mL)
Inhibitionc

(%)

1 CH3 CH3 — — 64 <12.5 93
2 CH3 CH2CH3 — — 64 <12.5 90
3 CH3 CH2CH¼CH2 — — 64 <12.5 94
4 CH3 C6H11 — — 32 >12.5 10
5 CH3 C6H5 — — 64 >12.5 29
6 CH2CH3 CH2CH¼CH2 — — 64 >12.5 89
7 CH2CH3 C6H11 — — 64 >12.5 10
8 CH2CH¼CH2 CH3 — — >128 >12.5 0
9 CH2CH¼CH2 CH2CH¼CH2 — — 32 >12.5 71
10 CH2CH¼CH2 C6H5 — — 32 >12.5 0
11 C6H11 CH2CH¼CH2 — — 32 >12.5 35
12 C6H11 C6H11 — — >128 >12.5 12
13 CH2CH2C6H5 CH2CH¼CH2 — — 64 >12.5 6
14 C6H5 CH3 — — 64 >12.5 27
15 C6H5 CH2CH3 — — 64 >12.5 17
16 C6H5 CH2CH¼CH2 — — 64 >12.5 12
17 C6H5 C6H11 — — 64 >12.5 13
18 C6H5 C6H5 — — >128 >12.5 13
19 C6H5 C6H4Cl(4) — — 64 >12.5 11
20 CH3 CH3 H H >128 >12.5 85
21 CH3 CH2CH¼CH2 Cl Cl >128 <12.5 94
22 C6H5 CH2CH¼CH2 Cl Cl >128 >12.5 63

aMIC effecting M. fortuitum ATCC6841; MIC of tobramycin=32 mg/mL.
bMIC effecting M. tuberculosis H37Rv; MIC of rifampicin=0.25 mg/mL.
cReduction of mycobacterial growth using M. tuberculosis H37Rv at 12.5 mg/mL.
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antiviral or antituberculosis agents. As 1,2,4-triazoles
have also been reported as possible antimicrobials,
incorporation of these two moieties in a single molecule
was aimed to enhance possible antituberculosis activity
which might arise from each side.

In contrast to the results obtained from M. fortuitum
ATCC 6841, in vitro antituberculosis assay results of 1–
22 using M. tuberculosis H37Rv revealed that either
substituents at the N-4 position of the triazole ring (R1)
or the ones at the terminal nitrogen of thioureas (R2)
influenced the antituberculosis activity. As shown in
Tables 1 and 2, optimal activity was achieved with the
derivatives possessing a methyl group at the R1 position
whilst a linear decrease in antituberculosis activity was
observed in the direction of methyl>ethyl>allyl>
heavier groups. On the other hand, functionalities
bulkier than an allyl group at the R2 position also gave
rise to almost complete loss of inhibition of myco-
bacterial growth. The fact that highest antituberculosis
activity in phenylthioureas could be reached by deriva-
tives with the terminal nitrogen substituted by a single
short chain alkyl group, was also in accordance with
previous reports.13,14

From the above data one can conclude that both 1,2,4-
triazole or thiourea components of the structures 1–22
contributed to antituberculosis activity. Moreover,
bulky groups introduced at either R1 and R2 positions
led to a dramatic decrease in activity most probably due
to a steric hindrance which does not allow the com-
pounds to reach the active site. In addition, S-alkylation
products of three derivatives selected from the 1–19
series have been prepared not only to mask the –NH–
CS– function present in 1,2,4-triazoline-3-thiones but
also to provide them an increased lipophilicity. This
modification led to the most active derivative, com-
pound 21, which still needs to be improved from the
toxicological point of view.
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(Weinheim) 1991, 324, 189.
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Y.; Ang, Ö. Pharmazie 1992, 47, 796.
17. Ram, V. J.; Vidyottama, D.; Pieters, L. A. C.; Vlietinck,
A. J. J. Heterocycl. Chem. 1989, 26, 625.
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