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Abstract—A new series of S-alkylisothiosemicarbazones of 3- and 4-pyridincarboxaldehyde and 4-fluoro- and 4-tri-
fluoromethylbenzaldehyde was synthesized and evaluated for biological activity against various Mycobacterium strains. Inhibitory
activity against Mycobacterium tuberculosis H37Rv ATCC 27294 and INH-R ATCC 35822 was compared with activity against clinical
isolated Mycobacteria as well as against MOTT. Some of newly prepared compounds showed best inhibitory values against clinical
isolated Mycobacteria, besides to low citotoxicity values. © 2002 Elsevier Science Ltd. All rights reserved.

Introduction

Tuberculosis (TB) is a contagious disecase with high
mortality worldwide. The statistics indicate that 3 mil-
lion people worldwide die annually from complication
of tuberculosis'? and there are estimated 8 million of
new cases each year, 95% of which occur in developing
countries.® Therefore the incidence of tuberculosis is
rising at alarming rates coincident with the increase of
AIDS cases. In addition, about a third of the world’s
population harbors a dormant Mycobacterium tubercu-
losis infection, representing a significant reservoir of
disease for the future. The disease resurgence is attrib-
uted to emergence of drug-resistant strains, immigration
from high-prevalence countries combined with poor
access to healthcare in inner cities.

Furthermore, in the late 1950s, species of mycobacteria
other than M. tuberculosis (MOTT) were being encoun-
tered with increasing frequency in medical practices.*
MOTT are considered saprophytic mycobacteria, that
can cause a wide range of infections in patients with
predisposing conditions. Among the species potentially
pathogenic in humans, M. avium-intracellulare (MAI
complex or MAC), M. Kansasii, M. fortuitum-chelonae
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complex, M. scrofulaceum, M. szulgai, M. marinum and
M. xenopi are particularly important for they clinical
relevance. Pulmonary manifestations of MAC infections
are similar to those of M. ruberculosis.> Usually, condi-
tions predisposing humans to pulmonary infections with
MAC include chronic obstructive pulmonary disease,
recurrent pneumonia, inactive or active tuberculosis,
bronchogenic carcinoma® and cystic fibrosis.” However,
MAC was considered of low pathogenicity for humans
until AIDS epidemic. Chronic pulmonary disease
resembling classical tuberculosis is the most common
manifestation following infection with M. kansasii.®~'°
However, occasional cases of extra pulmonary infec-
tions have been reported, including osteomyelitis,!!
lymphadenitis'> and soft tissue infections.!? Dis-
seminated diseases due to M. kansasii have been
observed in the presence of severe immunosuppression
and in patients with AIDS.'* M. fortuitum and M. che-
lonae have been associated with a variety of infections
involving skin, lungs, CNS, bone and disseminated dis-
ease.'>1® M. fortuitum may colonize the respiratory
tract of immunocompromised patients or with chronic
obstructive pulmonary disease. MOTT are frequently
resistant to the commonly used antituberculosis drugs.
Macrolides and quinolones show high MIC values
against M. kansasii, M. scrofulaceum, M. avium-intra-
cellulare, M. chelonae, and M. fortuitum.'” In the case of
M. avium-intracellulare, it seems that this resistance is
due to the impermeability of the bacteria to the
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drugs,'®!° but many patients treated with multiple-
drugs regimens respond favorably to the therapy. Fur-
thermore, many strains of MOTT rifampin-resistant,°
beta-lactame-resistant?>! but also multidrug-resistant>?
have been recently isolated. Therefore, new molecules
for the therapy of infection sustained by MOTT and
multidrug resistant M. tuberculosis (MDRTB) are nee-
ded. In continuation of our efforts to obtain new anti-
mycobacterial agents>> we became interested to
isothiosemicarbazones as analogoues of thiosemicarba-
zones. In fact thiosemicarbazone derivatives are known
for their antibacterial, %> antimalarial,>>?7 anti-
neoplastic?®?° and antiviral’*—* properties. In a pre-
vious paper, we have described the evaluation of
antimicrobial activity of isothiosemicarbazones derived
from 5-nitrofuraldehyde and 4-nitrobenzaldehyde.?> In
this paper, we wish to report on the synthesis of a new
series of isothiosemicarbazones derived from 4-fluoro-
benzaldehyde, 4-(trifluoromethyl)benzaldehyde, 3- and
4-pyridinecarboxaldehyde and on the results of biologic
screening against M. tuberculosis H37Rv ATCC 27294
and M. tuberculosis resistant to isoniazid (INH-R) ATCC
35822 and clinical isolated strains of Mycobacteria as
well as against MOTT.

Results and Discussion

NH, appears at 7.73-9.91 ppm as one or two broads
singlets. In the IR spectra of la—q the bands in the
region 3450-3100 cm~! are due to the stretching fre-
quencies v (NH,). The typical bands of v (C=N) and v
(C=C) appear in the frequency range 1670-1560 cm~".

Biological evaluation

The effects on the growth of Mycobacteria of com-
pounds la—q was ecvaluated against M. tuberculosis
H37Rv ATCC 27294, M. tuberculosis INH-R ATCC
35822 and M. avium ATCC 19421. The anti-
mycobacterial activity of compounds la—q was also
evaluated against six strains of M. tuberculosis, six
strains of M. tuberculosis INH-R, six strains of M.
avium and M. phlei, M. fortuitum, M. kansasii, M. szul-
gai, M. gordonae, M. chelonei, M. intracellulare, M.
scrofulaceum, M. bovis, all isolates from patients with
active clinical infection.

Several of the tested compounds showed a specific activ-
ity against M. tuberculosis and M. avium (Tables 2 and 3).
In particular, compounds le and 1h exhibited a MIC of
12.5 pg/mL against M. tuberculosis H37Rv ATCC
27294, and at the same concentration compound 1k

Table 2. Cytotoxicity® and antibacterial activity against ATCC
strains of M. tuberculosis of isothiosemicarbazone derivatives la—q

Chemistry
Compound  MNTD (pg/mL) MIC (pug/mL)
The synthegis of the target isothiosemic'arbaz.ones lg—q M. tuberculosis M. tuberculosis
is depicted in Scheme 1. Treatment of thiosemicarbazide H37Rv INH-R
with the appropriate alkyl halide in ethanol gave the ATCC2729%4 ATCC35822
alkyl 1s0th1qsemlcarba21de salt 1qtermed1ates. These lat- la = 1000 =100 - 100
ter were directly condensed with aldehydes without 1b > 1000 > 100 > 100
isolating them from reaction mixture (Table 1). 1c >1000 >100 >100
1d 250 > 100 >100
The IR and '"H NMR spectra of 1 were consistent with le 125 12.5 %
the assigned structure. The 'H NMR spectra of i 63 " "
e assigned structure. The spectra of com- Ig 250 =100 100
pounds la—q show a singlet at 8.12-8.50 ppm relative to 1h 250 12.5 25
the proton on the C=N double bond, while the signal of li 125 100 12.5
1j 62.5 50 25
1k 500 25 12.5
H 11 250 25 12.5
HN NQ i), if) HN NG AN Im 62.5 50 100
\ﬂ/ NH, —————= Y N" A In 62.5 25 25
S SR HX 1o 250 >100 50
1p > 1000 50 25
1a-q 1q 62.5 100 50
INH > 1000 0.09 100
Scheme 1. Synthesis of isothiosemicarbones la—q. Reagents and con-
ditions: (i) RX, EtOH; (ii) ArCHO, EtOH. 2Expressed as maximum non toxic dose (MNTD).
Table 1. Isothiosemicarbazone derivatives la—q
Compd R Ar X Compd R Ar X
1a CH; 3-Pyridyl I 1j CH,CH=CH, 4-CF;CeH,4 Br
1b CH3; 4-Pyridyl I 1k n-C4Hg 3-Pyridyl Br
1c CH3 4-FC5H4 1 11 n—C4H9 4—Pyr1dyl Br
1d C,H; 3-Pyridyl Br 1m n-C,Hy 4-FCGH, Br
le C,H;5 4-FC¢H,y Br In n-C4Hg 4-CF;C¢Hy Br
1f C2H5 4-CF3C6H4 Br 1o CH2C6H5 3—Pyr1dy1 Br
1g CH,CH=CH, 3-Pyridyl Br 1p CH,C¢Hs 4-Pyridyl Br
1h CHch:CHz 4-Pyr1dy1 Br lq CH2C6H5 4-FC6H4 Br
1i CH,CH=CH, 4-FCgHy Br
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inhibited the growth of M. tuberculosis INH-R ATCC
35822. Interestingly, several compounds, such as le, 1k,
11, 1o, 1p and 1q were slightly more active against the
strains of M. tuberculosis, M. tuberculosis INH-R and
M. avium isolated from clinical specimens (Table 4).

Compounds 1 were usually more active against M.
tuberculosis than M. avium. However, it is interesting to
point out that some compounds showed a specific
activity against M. avium. Compound 1m, which exhib-
ited a MIC of 50 and 100 pg/mL against M. tuberculosis
H37Rv ATCC 27294 and M. tuberculosis INH-R
ATCC 35822, respectively, was significantly more active
against M. avium ATCC 19421 (MIC 6.25 pg/mL) and
the strains of M. avium isolated from clinical specimens
(MIC 3.12-6.25 pg/mL). Compound 1i, which was
almost ineffective in inhibiting the growth of M. tuber-
culosis H37Rv ATCC 27294 (MIC 100 pg/mL), showed

Table 3. Antibacterial activity against M. avium ATCC 19421 and
clinical isolates of MOTT of isothiosemicarbazone derivatives la—q*

Comp. MIC (pg/mL)

M.a®* M.p. Mf. Mk. Missz. M.g. M.c. Mi. M.se. M.b.

la >100 >100 >100 >100 >100 >100 >100 >100 >100 >100
1b >100 >100 >100 >100 >100 >100 >100 >100 >100 >100
1c >100 >100 >100 >100 >100 >100 >100 >100 >100 >100
1d >100 >100 >100 >100 >100 >100 >100 >100 >100 >100
le >100 >100 >10012.5 >100 >100 >100 >100 >100 12.5

1f 0.78 >100>100 25 25 50 100 100 50 50
1g >100 >100 >100 >100 >100 >100 >100 >100 >100 100
1h >100 >100 >100 25 >100 >100 >100 >100 >100 12.5

li 125 >100 >100 50 >100 >100 >100 >100 >100 > 100
1j 50 100 >100 25 50 50 100 100 50 50
1k 125 >100 >100 25 >100 100 >100 >100 100 100
11 125 >100 >100 25 >100 50 >100 >100 100 25
Im 6.25 >100>100 50 100 50 >100 100 >100 25

In 6.25 100 >100 >100 100 100 100 25 50 25
lo 50 >100 >100 50 >100 >100 >100 >100 >100 50
1p 25 >100 >100 25 >100 50 100 100 >100 50
1q 25 >100 >100 25 50 50 >100 >100 >100 50

INH 125 125 3.12 3.12 1.56 125 50 10012.5 0.78

“M.a., M. avium ATCC19421; M.p., M. phlei; M.f., M. fortuitum;
M.k., M. kansasii; M.sz., M. szulgai; M.g., M. gordonae; M.c., M.
chelonei; M.i., M. intracellulare; M.sc., M.scrofulaceum; M.b., M.
bovis.

Table 4. Range of activity against clinical isolates of M. tuberculosis,
INH-R M. tuberculosis and M. avium of compounds la—q

Compound MIC (pg/mL)

M. tuberculosis® M. tuberculosis INH-R* M. avium®
1c 12.5-100 12.5-100 25-100
le 3.12-6.25 3.12-6.25 6.25-100
1h 6.25-25 12.5-25 100-> 100
1i 100-> 100 100—> 100 12.5-25
1k 6.25-12.5 1.56-12.5 12.5
11 6.25-12.5 1.56-6.25 12.5
1m 12.5-50 12.5-50 3.12-6.25
1o 12.5-50 12.5-100 50
1p 6.25-12.5 3.12-25 12.5-25
1q 12.5-50 12.5-25 6.25-25
INH 0.045-0.18 50-200 6.25-> 100

aSix strains assayed.

a MIC of 12.5 pg/mL against M. avium ATCC 19421.
Compound 1f exhibited the most interesting activity
against M. avium ATCC 19421 (MIC 0.78 pg/mL). A
good activity against M. intracellulare, which is fre-
quently resistant to the commonly used antituberculosis
drugs, was shown by compound 1In (MIC 25 ng/mL).
Furthermore several of compounds inhibited the growth
of M. kansasii (MIC 12.5-50 pg/mL).

Cell cytotoxicity of compounds 1a—q was tested in vitro
on cultures of Vero cells. With the exception of com-
pounds 1f, 1j, Im, 1n and 1q which showed to be toxic
at concentrations higher than 62.5 pg/mL and 1e and 1i
which showed to be toxic at concentration higher than
125 pg/mL, the tested compounds exhibited high values
of maximum non toxic dose (MNTD) on Vero cells,
ranging from 250 pg/mL, for 1d, 1g, 1h, 11 and 1o, to
500-1000 pg/mL for the other members of the series.
Results of cytotoxicity assays, expressed as MNTD, are
reported in Table 2.

The antimicrobial activity of compounds 1a—q was also
evaluated against six Gram-positive species (Staphilo-
coccus aureus, S. epidermidis, Streptococcus agalactiae,
S. faecalis, Bacillus licheniformis and B. subtilis), five
Gram-negative species (Escherichia coli, Pseudomonas
aeruginosa, Salmonella typhi, Proteus mirabilis, Kleb-
siella pneumoniae) isolated from clinical specimens and
against Candida albicans ATCC E10931. Compounds
la—q were ineffective on inhibiting the growth of the
strains of the Gram-negative species tested. A weak
activity against S. aureus was shown by compounds 1p
and 1q (MIC 100 pg/mL) and by compound 1p against
S. epidermidis (MIC 100 pg/mL). Compounds 1i, 1m, 1p
and 1q showed a poor activity against C. albicans (MIC
100 pg/mL).

Experimental Protocols

Chemistry

Melting points were determined on a Kofler hot-stage
and are uncorrected. Proton NMR spectra were recor-
ded on a Varian Unity 300 spectrometer. The coupling
constants were recorded in hertz (Hz) and the chemical
shift are reported in part per million (8, ppm) downfield
from tetramethylsilane (TMS), which was used as inter-
nal standard. Infrared spectra were obtained with a
Perkin-Elmer 398  spectrophotometer. Elemental
analyses were carried out with a Carlo Erba model 1106
Elemental Analyzer and the values found were with-
in+0.4% of theoretical values.

General procedure for the synthesis of isothiosemi-
carbazones la—q

A suspension of thiosemicarbazide 0.45 g (5 mmol) and
the appropriate alkyl halide (5.3 mmol) in ethanol (50
mL) was refluxed until the solid was completely dissolved.
Then the appropriate aldheyde (5 mmol) was added and
the heating was continued for further 30 min. After cool-
ing to room temperature, the isothiosemicarbazone
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hydrohalide was filtered off, then washed with diethyl
ether. Isothiosemicarbazones 1b, 1i, 1j, Im and In were
previously described.3¢-37

3-Pyridincarboxyaldehyde S-methylisothiosemicarbazone
hydroiodide (1a). Yield 72%. Mp 168-170°C (EtOH).
'H NMR (DMSO-dy) § 2.64 (s, 3H, CH3), 7.52, 8.62,
9.03 (m, 4H, pyridyl), 8.35 (s, 1H, CH), 9.38 (br s, 2H,
NH,). IR (Nujol) 3400, 3270, 2740, 1660, 1615, 1600
cm~!. Anal. calcd for CgH;(N,S-HI: C, 29.83; H, 3.44;
N, 17.39. Found: C, 29.87; H, 3.43; N, 17.42.

4-Pyridincarboxyaldehyde S-methylisothiosemicarbazone
hydroiodide (1b). Yield 75%. Mp 197-198°C (EtOH).
'"H NMR (DMSO-dq) & 2.57 (s, 3H, CHj), 7.90, 8.86 (br
s, 2H, NH,), 8.09, 8.73 (m, 4H, pyridyl), 8.29 (s, 1H,
CH). IR (Nujol) 3380, 3190, 1630, 1590 cm~!. Anal.
caled for CgH oN4S-HI: C, 29.83; H, 3.44; N, 17.39.
Found: C, 29.80; H, 3.42; N, 17.36.

4-Fluorobenzaldehyde S-methylisothiosemicarbazone hy-
droiodide (1¢). Yield 90%. Mp 185-187°C (EtOH). 'H
NMR (DMSO-dg) 8 2.68 (s, 3H, CH3), 7.30, 7.99 (m,
4H, Ar), 8.28 (s, 1H, CH), 9.54 (br s, 2H, NH,). IR
(Nujol) 3240, 3160, 3080, 1625, 1595 cm~'. Anal. calcd
for CngoFN:;S'HI: C, 3187, H, 327, N, 12.39. Found:
C, 31.90; H, 3.25; N, 12.42.

3-Pyridincarboxyaldehyde S-ethylisothiosemicarbazone
hydrobromide (1d). Yield 82%. Mp 185-187°C (2-
PrOH). 'H NMR (DMSO-dq) & 1.28 (t, 3H, J=7.0 Hz,
CHs3), 3.33 (q, 2H, J=7.0 Hz, CH,), 7.89, 8.84, 9.34 (m,
4H, pyridyl), 8.50 (s, IH, CH), 9.91 (br s, 2H, NH,). IR
(Nujol) 3345, 1630, 1560, 1530 cm~!. Anal. calcd for
CoH»N4S-HBr. C, 37.38; H, 4.53; N, 19.37. Found: C,
37.43; H, 4.55; N, 19.33.

4-Fluorobenzaldehyde S-ethylisothiosemicarbazone hydro-
bromide (le). Yield 64%. Mp 101-103°C. 'H NMR
(DMSO-dg) 6 1.26 (t, 3H, J=17.1 Hz, CH3), 3.27 (q, 2H,
J=7.1 Hz, CH,), 7.28, 7.95 (m, 4H, Ar), 8.29 (s, 1H,
CH), 9.49 (br s, 2H, NH,). IR (Nujol) 3340, 3250,
3100, 1600 cm~!. Anal. caled for C;oH;>,FN;S-HBr: C,
39.23; H, 4.28; N, 13.72. Found: C, 39.19; H, 4.30; N,
13.68.

4-Trifluoromethylbenzaldehyde S-ethylisothiosemicarba-
zone hydrobromide (1f). Yield 63%. Mp 164-165°C. 'H
NMR (DMSO-dg) & 1.28 (t, 3H, J=7.0 Hz, CH3), 3.28
(q, 2H, J=7.0 Hz, CH,), 7.80, 8.13 (m, 4H, Ar), 8.39 (s,
1H, CH), 9.71 (br s, 2H, NH,). IR (Nujol) 3450, 3250,
1640, 1610, 1590 cm~!'. Anal. caled for
C,1H»F3N3S-HBr: C, 37.09; H, 3.68; N, 11.80. Found:
C, 37.14; H, 3.70; N, 11.75.

3-Pyridincarboxyaldehyde  S-allylisothiosemicarbazone
hydrobromide (1g). Yield 81%. Mp 227-228°C. 'H
NMR (DMSO-dg) 8 3.47 (m, 2H, CH;), 5.03, 5.20 (m,
2H, CH,), 5.80 (m, 1H, CH), 8.12 (s, 1H, CH), 7.92,
8.56, 8.80, 9.01(m, 4H, pyridyl and NH,). IR (Nujol)
3410, 3040, 1670, 1610, 1590 cm~!. Anal. caled for
CioH12N4S-HBr: C, 39.88; H, 4.35; N, 18.60. Found: C,
39.93; H, 4.37; N, 18.54.

4-Pyridincarboxyaldehyde S-allylisothiosemicarbazone
hydrobromide (1h). Yield 77%. Mp 180-182°C. 'H
NMR (DMSO-dg) 6 3.36 (m, 2H, CH;), 5.13, 5.30 (m,
2H, CH,), 5.85 (m, 1H, CH), 8.04 (br s, 2H, NH,), 8.23,
8.75 (m, 4H, pyridyl), 8.34 (s, 1H, CH). IR (Nujol)
3360, 2650, 2600, 1630, 1600, 1570 cm~'. Anal. calcd for
C,oH2N4S-HBr: C, 39.88; H, 4.35; N, 18.60. Found: C,
39.83; H, 4.34; N, 18.63.

4-Fluorobenzaldehyde S-allylisothiosemicarbazone hydro-
bromide (1i). Yield 73%. Mp 161-163°C. 'H NMR
(DMSO-dg) 6 4.00 (m, 2H, CH,), 5.20, 5.34 (m, 2H,
CH,), 5.86 (m, 1H, CH), 7.30, 7.98 (m, 4H, Ar), 7.73,
9.67 (br s, 2H, NH>), 8.35 (s, 1H, CH). IR (Nujol) 3260,
3090, 1630, 1600 cm~!. Anal. caled for
C1Ho,FN5S-HBr: C, 41.52; H, 4.12; N, 13.21. Found:
C, 41.58; H, 4.10; N, 13.24.

4-Trifluoromethylbenzaldehyde S-allylisothiosemicarba-
zone hydrobromide (1j). Yield 56%. Mp 163-164°C. 'H
NMR (DMSO-dg) 6 4.02 (m, 2H, CH,), 5.20, 5.35 (m,
2H, CH,), 5.89 (m, 1H, CH), 7.81, 8.13 (m, 4H, Ar),
8.43 (s, 1H, CH), 9.77 (s, 2H, NH,). IR (Nujol) 3040,
1630, 1610, 1570 cm~'. Anal. caled for
C,H,F5N3S-HBr: C, 39.14; H, 3.56; N, 11.41. Found:
C, 39.20; H, 3.54; N, 11.44.

3-Pyridincarboxyaldehyde S-butylisothiosemicarbazone
hydrobromide (1k). Yield 75%. Mp 173-174°C (2-
PrOH). '"H NMR (DMSO-dg) & 0.85 (t, 3H, CH3), 1.35
(m, 2H, CH,), 1.55 (m, 2H, CH,), 3.27 (m, 2H, CH,),
7.55, 8.42, 8.63, 9.08 (m, 4H, pyridyl), 8.38 (s, IH, CH),
9.57 (br s, 2H, NH,). IR (Nujol) 3260, 3100, 1625 cm~"'.
Anal. caled for C;1H(N4S-HBr: C, 41.65; H, 5.40; N,
17.66. Found: C, 41.70; H, 5.37; N, 17.64.

4-Pyridincarboxyaldehyde S-butylisothiosemicarbazone
hydrobromide (11). Yield 73%. Mp 181-182°C (2-
PrOH). 'H NMR (DMSO-dg) & 0.85 (t, 3H, CH3), 1.35
(m, 2H, CH,), 1.57 (m, 2H, CH,), 3.42 (m, 2H, CH,),
8.12, 8.74 (m, 4H, pyridyl), 8.32 (s, 1H, CH), 8.87 (br s,
2H, NH,). IR (Nujol) 3370, 1630, 1590 cm~'. Anal.
calcd for C;H4N4S-HBr: C, 41.65; H, 5.40; N, 17.66.
Found: C, 41.59; H, 5.38; N, 17.70.

4-Fluorobenzaldehyde S-butylisothiosemicarbazone hydro-
bromide (Im). Yield 79%. Mp 177-178°C (2-PrOH).
'"H NMR (DMSO-dg) 8 0.84 (t, 3H, J=7.4 Hz, CH3),
1.35 (m, 2H, CH,), 1.55 (m, 2H, CH,), 3.25 (m, 2H,
CH,), 7.28, 7.96 (m, 4H, Ar), 8.30 (s, 1H, CH), 9.56
(br s, 2H, NH,). IR (Nujol) 3260, 3130, 1630, 1600,
1585 cm~!. Anal. caled for C;>2H;(FN;S-HBr: C,
43.12; H, 5.13; N, 12.57. Found: C, 43.07; H, 5.15; N,
12.61.

4-Trifluoromethylbenzaldehyde S-butylisothiosemicarba-
zone hydrobromide (In). Yield 57%. Mp 194-196°C.
'H NMR (DMSO-dy) 6 0.86 (t, 3H, CH3), 1.36 (m, 2H,
CH,), 1.59 (m, 2H, CH;), 3.26 (m, 2H, CH,), 7.80, 8.13
(m, 4H, Ar), 8.39 (s, 1H, CH), 9.74 (br s, 2H, NH,). IR
(Nujol) 3255, 3080, 2770, 1640, 1630, 1610, 1570 cm—!.
Anal. calcd for C13H;4F5N3S-HBr: C, 40.63; H, 4.46; N,
10.94. Found: C, 40.70; H, 4.44; N, 10.99.
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3-Pyridincarboxyaldehyde S-benzylisothiosemicarbazone
hydrobromide (1o). Yield 72%. Mp 136-138°C (2-
PrOH). 'H NMR (DMSO-dg) & 4.54 (s, 2H, CH»), 7.32
(m, 5H, Ar), 7.55, 8.38, 8.64, 9.05 (m, 4H, pyridyl), 8.35
(s, 1H, CH), 9.40 (br s, 2H, NH,). IR (Nujol) 3190,
2700, 1590, 1560 cm~!. Anal. caled for C,4H,4N4S-HBr:
C,47.87; H, 4.30; N, 15.95. Found: C, 47.92; H, 4.27; N,
15.99.

4-Pyridincarboxyaldehyde S-benzylisothiosemicarbazone
hydrobromide (I1p). Yield 86%. Mp 189-190°C
(MeCN). '"H NMR (DMSO-dy) & 4.42 (s, 2H, CH,),
7.30 (m, 5SH, Ar), 8.17, 8.74 (m, 4H, pyridyl), 8.34 (s,
1H, CH), 8.60 (br s, 2H, NH,). IR (Nujol) 3350, 3040,
2650, 1630, 1600, 1570 cm~'. Anal. caled for
C4H14N4S-HBr: C, 47.87; H, 4.30; N, 15.95. Found: C,
47.82; H, 4.32; N, 15.90.

4-Fluorobenzaldehyde S-benzylisothiosemicarbazone hy-
drobromide (1q). Yield 64%. Mp 209-210°C (2-PrOH).
'"H NMR (DMSO-dy) § 4.62 (s, 2H, CH»), 7.33, 7.96 (m,
9H, Ar and pyridyl), 8.33 (s, 1H, CH), 9.76 (br s, 2H,
NH,). IR (Nujol) 3240, 3060, 1615, 1590, 1570 cm~!.
Anal. caled for C;sH4,FN3S-HBr: C, 48.92; H, 4.11; N,
11.41. Found: C, 48.87; H, 4.09; N, 11.45.

Biological assays

For antimicrobial and cytotoxicity studies, compounds
la—q were dissolved in dimethylsulfoxide at 10 mg/mL
concentration and kept at —20°C. The working solu-
tions were prepared in the same medium used for tests.
To avoid interference by the solvent,’® the highest
DMSO concentration was 1%.

Cytotoxicity assay

Cell cytotoxicity of compounds 1la—q was tested in vitro
by two methods. In the first method, RPMI 1640 med-
ium (Gibco) alone or medium containing compounds at
concentrations ranging from 1000 to 31.5 pg/mL were
inoculated onto cultures of Vero cells is six-well tissue
culture plates. The cells were observed daily for 6 days
for any signs of cell cytotoxicity compared with the
controls. In the second method, a cell viability assay
previously reported3*#° was used. Monolayers of Vero
cells in 96-multiwell plates were incubated with the
testing compounds at concentrations of 1000-62.5 ug/
mL in RPMI 1640 for 48 h and the medium replaced
with 50 pL of 1 mg/mL solution of 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) in
RPMI without phenol red (Sigma). Cells were incubated
at 37°C for 3 h, the untransformed MTT removed and 50
uL of isopropanolic HCI 0.04 N was added to each well.
After few min at room temperature to ensure that all
crystals were dissolved, the plates were read with a 560
nm test wavelength and a 690 nm reference wavelength.

Determination of MICs

The determination of MIC against Mycobacteria was
carried out by the two fold agar dilution method*' using
7H11 agar (Difco Laboratories) containing compounds

la—q at concentration that range between 100 and 0.19
pg/mL on which 100 pL of the tested bacterial suspen-
sion were spotted. Suspension to be used for drug sus-
ceptibility testing were prepared from 7H9 broth
cultures, washed, suspended in saline to a turbidity of
no. 1 Mcfarland and then diluted to obtain inocula of
3x10° cells per well. The MICs of the compounds were
determined after 7 days (rapid growing) or 21 days
(slow growing) of cultivation at 37°C (28-30°C for M.
chelonei) in a CO, (5% CO,-95% humidified air) incu-
bator. Isoniazid (INH) served as reference compound.

The MICs of various compounds against Gram-posi-
tive, Gram-negative and C. albicans were determined by
a standard broth macro-dilution method.*>*3 Tests with
Gram-positive and Gram-negative bacteria were carried
out in Mueller Hinton broth DIFCO. Antifungal activ-
ity against C. albicans ATCC E10231 was evaluated in
yeast extract peptone dextrose medium (Difco).** The
compounds were diluted in the test medium to obtain
final concentrations ranging from 100 to 0.19 pg/mL.
Tubes were inoculated with 1x10° cells/mL and were
incubated at 37°C for 18 or 24 h.
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