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ORIGINAL RESEARCH

Synthesis and evaluation of antiviral,
antitubercular and anticancer activities
of some novel thioureas derived from
4-aminobenzohydrazide hydrazones

Pelin Cikla', S. Giiniz Kiiciikgiizel', ilkay Kiigiikgiizel!, Sevim Rollas?,
Erik De Clercg?, Christophe Pannecouque?, Graciela Andrei2, Robert Snoeck?,
Fikrettin Sahin3, Omer Faruk Bayrak3

ABSTRACT: A series of novel 1-[4-[[2-[(4-substituted phenyl)methylene]hydrazino]carbonyl]p
henyl]-3-substituted thiourea derivatives have been synthesized by the addition of substituted
aryl isothiocyanates to 4-amino-N’-[(4-substituted phenyl) methylene] benzohydrazide, which
was prepared by condensation of 4-aminobenzoic acid hydrazide with 4-fluorobenzaldehyde
or 4-(trifluoromethyl)benzaldeyde. All synthesized compounds were evaluated in vitro against
HIV-1 (lliB) and HIV-2 (ROD) strains in MT-4 cells, as well as other selected viruses such as
HSV-1, HSV-2, Coxsackie virus B4, Sindbis virus, human cytomegalovirus, and varicella-zoster
virus using Hela, Vero, or HEL cell cultures. Antimycobacterial activity against Mycobacterium
tuberculosis H37 Rv was also evaluated. The anticancer activity and cytotoxicity screening of

the synthesized compounds were determined on A 549 and L 929 cell lines.

KEY WORDS: Hydrazones, Thioureas, Antiviral activity, Anticancer activity, Mycobacterium

tuberculosis H37Rv

INTRODUCTION

Thiacetazone which possesses a thiosemicarba-
zone structure, has been reported as a tuberculo-
static agent (1). Thiocarlide (N,N'-bis[p-(isoamy-
loxy) phenyl]-thiourea) is known as a potent in-
hibitor of Mycobacterium tuberculosis (2). N-D-
Aldopentofuranosyl-N'-[p-(isoamyloxy)phenyl]
thiourea derivatives, designed as structural ana-
logues of thiocarlide, have recently been reported
to be more potent than thiocarlide itself (3).
Methisazone was one of the first antiviral com-
pounds used in clinical practice (4) (Figure 1).
This drug plays an important role as a prophylac-
tic agent against several viral diseases. Antituber-
cular effects have been shown with various 4-
aminobenzoic acid substituted benzalhydrazones
(5). Sriram and co-workers have recently report-
ed antitubercular activity of several thiourea de-
rivatives obtained from isonicotinoyl hydrazone
(6). Antitumor (7,8) and antitubercular (9-11) ac-
tivities of some hydrazide-hydrazones and thiou-
reas have been reported. In addition, some thiou-

rea derivatives were reported to be potent inhibi-
tors of influenza virus neuraminidase, Coxsackie
B4 virus and thymidine kinase positive varicella-
zoster virus (TK* VZV, OKA strain) (12,13).

As a continuation of our previous efforts on 4-
aminobenzoic acid hydrazones (14) and several
thiourea derivatives (15,16), a series of novel
thioureas, in which hydrazide-hydrazone and
disubstituted thiourea moieties were incorpora
ted in one structure, have been synthesized start-
ing from 4-amino-N’-[[4-fluoro/4-(trifluorome-
thyl) phenyl] methylene] benzohydrazide and
evaluated of their antitubercular, antiviral and
anticancer potency. All synthesized compounds
were screened in vitro against HIV-1 (IIIB) and
HIV-2 (ROD) strains in MT-4 cells, as well as oth-
er selected viruses such as HSV-1, HSV-2, Cox-
sackie B4 virus, Sindbis virus, cytomegalovirus
(CMV) and varicella-zoster virus (VZV) using
Hela, Vero or human embryonic lung (HEL)
cells.
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FIGURE 1. Some thioureas with antimycobacterial or antiviral activity.

In vitro antitubercular activity of novel compounds against
Mycobacterium tuberculosis H37Rv was evaluated at TAACF.
Anticancer potential of the synthesized compounds was deter-
mined using the A 549 and L 929 cell lines.

RESULTS AND DISCUSSION

Chemistry

4-Aminobenzoic acid hydrazide 1 was prepared by the reac-
tion of ethyl 4-aminobenzoate with hydrazine-hydrate. 4-Ami-
no-N’-[[4-fluoro/4-(trifluoromethyl)phenyl]methylene]-ben-
zohydrazide 2-3 (cf. Experimental Section) were synthesized
by condensation of 1 with 4-fluoro (17) /4-(trifluoromethyl)be
nzaldehyde. 1-[4-[[2-[(4-Substitutedphenyl)methylene] hy-
drazino]-carbonyl]phenyl]-3-substituted thioureas 4a-g and
5a-f were synthesized by the reaction of 4-amino-N’-[(4-
fluoro/4-(trifluoromethyl)phenyl]methylene]benzohydrazide

with substituted phenyl isothiocyanates in dry acetonitrile in
yields between 42 and 68% (Scheme 1). The reaction for thiou-
rea was reported to be performed in certain dry solvents or
mixtures (18-21). In the present study, dry acetonitrile was
tried and found to be useful. The physical and spectral data of
thioureas 4a-g and 5a-f are given in Tables 1 and 2.

4-Amino-N’-[(4-fluorophenyl)methylene]benzohydrazide,
which was reported to possess a weak inhibitory potency
against M. tuberculosis H37Rv at 12.5 pg/ml (14), and 4-amino-
N’-[[4-(trifluoromethyl)phenyl]methylene]benzohydrazide
which was originally synthesized in the present study, were
chosen as starting compounds to design several novel thiou-
reas. The TH-NMR spectra of 4a-g and 5a-f showed single sig-
nals corresponding to resonances of azomethine protons at
8.38-8.51 ppm (22). In 1H-NMR spectra, findings such as reso-
nances at 8.44-10.03 and 9.84-10.24 ppm due to thiourea R-NH-
CS- and -CS-NH-Ar function (15), respectively, and the lack of
resonances attributable to NH, function supports the forma-
tion of the expected thiourea structures. Remaining chemical
shifts were also recorded at expected values.

High resolution mass spectra (HRMS) confirmed the molecu-
lar weights and empirical formula of the compounds 4a-g and
5a-f , with less than 8 mmu bias between calculated and ex-
perimental m/z values of either molecular or fragment ions
(Table 2). Ionization mode was electron impact (EI) in case of
compound 4c¢ whereas remaining compounds did not give
molecular ion peaks using this technique. These compounds
were analyzed using fast atomic bombardment (FAB) proce-
dure giving exact MH* peaks instead of M* in 3-nitrobenzyl
alcohol matrix. Fragmentation pattern for the representative
compound 4c¢ which is given in Scheme 2, also supported the

4a expected structure. First fragmentation was cleavage of thiou-
rea moiety yielding isothiocyanate fragment at m/z 299.0529
120 via benzyl loss which was detected. Characteristic fragmenta-
00 ‘7:(—’—4:&:& tions for h.ydrazide—hydrazones were also .observed. Main
5 = e 10nM fragme.ntatlc?n.product was observed as 4-aminopheny] carbo-
o e 100nM nyl cation, giving the base peak at m/z 120.0444.
‘0 12'\:M Antiviral activity
Compounds 4a-g and 5a-f were tested for antiviral activity
20 and cytotoxicity in various viral test systems (Tables 3-5), ac-
0 ' ' cording to previously published procedures (23-27). The fol-
! 2 s 4 lowing viruses and host cells were used for the evaluation :
5a 5e
140 140
120 '\\\ — 120 \\/,
100 4 A= —e—10nM 100 e —e—10nM
80 —=—100nM 80 —=—100nM
60 1M 60 UM
40 10 uM 40 10 uM
20 20
0 , . 0 , .
1 2 3 4 1 2 3 4

FIGURE 2. Cytotoxic effects of the compounds 4a, 5a, 5e at four different concentrations (10 nM, 100 nM, 1 uM, 10 uM).
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SCHEME 1. Synthetic route to compounds 2, 3, 4a-g and 5a-f. Reagents and
conditions : (a) HoN-NH, . H,O / EtOH, reflux ; (b) Ry-CgHy,-CH=0 / EtOH, reflux ;
(¢) Ro-CgH4-NCS / dry acetonitrile, reflux.

(a) Vero cell kultures : Parainfluenza-3 virus, Reovirus-1, Sind-
bis virus, Punto Toro virus and Coxsackie B4 virus.

(b) HeLa cell cultures : Vesicular stomatitis virus (VSV), Cox-
sackie B4 virus and respiratory syncytial virus.

TABLE 1 . Physical properties and elemental analysis data of 4a-g and 5a-f.

[ at
CHy~NH—C—NH C—NH-N=CH F
0

S

CpHoFN4OS
l m/z 406.1278
M ar
S=C=N ﬁ—NH—N:CH F
O
C5H;oN3FOS
m/z 299.0529

[ W

o} CsHeN,0S
l m/z 178.0201

+
s=c=NOCEO

CsHNOS
l m/z 162.0081

&
NH; C=0

C;HNO
mlz 120.0444

SCHEME 2. HR-El mass spectral fragmentation of 4c.

Compd Ry Ro Formula M.W. Color Yield* (%) Elemental Analysis
M.p (°C) (Calculated / Found)
c H N S
4a -F -CgHs Cp1H7FN,OS . 72 H,0 401.456  White 42 62.83 4.52 13.96 7.98
238 62.57 4.08 14.60 8.30
4b -F -CgHs4-OCH, CooH1gFN,058 422.475  White 55 62.54 4.53 13.26 7.59
231-4 61.94 417 13.83 7.75
4c -F -CH,CgHs CooH1gFN,OS 406.476  White 58 65.01 4.71 13.78 7.89
242 64.28 4.52 13.81 8.77
4d -F -CgH4-Br CpH1BrFN,OS 471.345  Whitish cream 59 53.51 3.42 11.89 6.80
240 53.09 3.30 11.75 7.72
4e -F -CgH4-Cl Cy1H16CIFN,OS 426.894  White 67 59.08 3.78 13.12 7.51
240 58.88 3.66 13.14 8.24
4f -F -CgH4F Cp1H16FoN4OS . /2 H,0 419.448  Whitish cream 68 60.13 4.08 13.35 7.64
244 60.26 3.96 14.39 7.33
4g -F -CgH,CHjZ CopH1gFN4OS . 5 H,0 415.486  White 45 63.60 4.85 13.48 7.72
235 63.99 4.50 13.94 8.11
5a -CF; -CgHs CooHy7F3N4OS . 12 H,0 451.464  White 46 58.53 4.02 12.41 7.10
265-8 58.50 3.65 12.56 7.21
5b -CF3 CgH4-OCH3 CogH19F3N4O5S .72 H,0 481.490  White 47 57.37 4,19 11.64 6.66
250 57.43 3.63 12.28 6.03
5¢c -CF3  -CgH4-Br CooH16BrF3N,0S 521.353  White 59 50.68 3.09 10.75 6.15
245-8 50.72 3.13 10.86 6.63
5d -CF3  -CgH4-Cl CyoH16CIF3N,OS 476.902  Whitish cream 58 55.41 3.38 11.75 6.72
247 54.96 3.36 11.71 7.27
5e -CF3  CgH4F CooH16F4N4OS . 2 H,0 469.455  White 57 56.28 3.65 11.93 6.83
260 55.94 3.43 12.66 6.38
5f -CF3  -CgH4-CHg CogH19F3N,OS . 2H,0 419.514  White 54 56.09 4.71 11.38 6.51
245 56.39 3.78 12.06 6.67

* Recrystallization solvent : dry acetonitrile.
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TABLE 2. IR, 'H-NMR and HR mass spectral data of 4a-g and 5a-f.

Compd IR v (cm-T) TH-NMR (DMSO-dg, ppm) HR-MS (m/z)
NH, C=0, C=8 Calculated  Found

4a 3321, 1655, 1238 7.12-7.90 (m, 13H, Ar-H); 8.44 (s, 1H, CH=N); 9.96-10.07 (d, 1H, NH-CS-); 393.1180 (FAB) 393.1202 (MH+)
10,22 (b, 1H, NH-CS-); 11.78 (d, 1H, CO-NH).

4b 3317, 3236, 1650, 1238  3.74 (t, 3H, O-CHj); 6.90-7.90 (m, 12H, Ar-H); 8.44 (s, 1TH, CH=N); 9.81, 9.84  423.1286 (FAB) 423.1328 (MH*)
(s, 1H, NH-CS-NH); 10.21('s, 1H, CS-NH): 11.77 (d, 1H, CO-NH).

4c 3283, 1651,1234 4.75 (d, 2H, N-CHy); 7.24-7.87 (m, 13H, Ar-H); 8.38-8.44 (d, 2H, CH=N and 406.1264 (El) 406.1278 (M+)
NH-9.85 (s, 1H, CS-NH); 11.76 (s, 1H, CO-NH).

4d 3294, 3232, 1654, 1242 7.25-7.87 (m, 12H, Ar-H); 8.43 (s, 1H, CH=N); 10.01-10.07 (d, 2H, NH-CS- 471.0285 (FAB) 471.0301(MH™)
NH); 11.77 (s, 1H, CO-NH). 473.0308 (MH*+2)

e 3320, 3236, 1659, 1245  7.24-7.87 (m, 12H, Ar-H); 8.44 (s, 1TH, CH=N); 10.02-10.07 (d, 2H, NH-CS- 4270790  (FAB) 427.0827 (MH*)
NH); 11.76 (s, 1H, CO-NH). 429.0705 (MH++2)

4f 3217, 1643, 1238 7.14-7.90 (m, 12H, Ar-H); 8.44 (s, 1H, CH=N); 9.91,10.05 (2s, 1H,NH-CS-); 411.1086 (FAB) 411.1108 (MH*)
10.21 (s ,1H, NH-CS-); 11.76-11.78 (d, 1H, CO-NH).

49 3321, 3236, 1655, 1238  2.27 (s, 3H, CgH4CHy); 7.13-7.90 (m, 12H, Ar-H); 8.44 (s, 1H, CH=N); 9.87- 407.1336 (FAB) 407.1324 (MH*)
9.91 (d 1H, NH-CS); 10.21(b ,1H, NH-CS); 11.76-11.78 (d, 1H, CO-NH).

5a 3321, 3236, 1655, 1238 7.12-7.94 (m, 13H, Ar-H); 8.51 (s, TH, CH=N); 9.97-10.02 (d, 1H, NH-CS); 443.1148 (FAB) 443.1132 (MH*)
10.24 (b 1H, NH-CS-); 11.95 (s, 1H, CO-NH).

50 3301, 3240, 1651, 1249 3.83 (t, 3H, O-CHy); 6.90-7.92 (m, 12H, Ar-H); 8.51 (s, 1H, CH=N); 9.79-9.86  473.1254  (FAB) 4731258 (MH*)
(d, 1H, NH-CS); 10.24 (s, 1H, CS-NH); 11.96 (d, 1H, CO-NH).

5¢ 3309, 3232, 1655, 1257  7.42-7.94 (m, 12H, Ar-H); 8.51 (s, 1H, CH=N); 10.03 (s, 1H, NH-CS); 10.10 (s, 521.0253  (FAB) 521.0250 (MH+)
1H, CS-NH); 11.95 (s, 1H, CO-NH). 523.0242 (MH++2)

5d 3309, 1655, 1172 7.38-7.94 (m, 12H, Ar-H); 8.51 (s, 1H, CH=N); 10.03-10.09 (d, 2H, NH-CS- 477.0758 (FAB) 477.0743 (MH+)
NH): 11.96 (s, 1H, CO-NH). 479.0733 (MH*++2)

5e 3317,3202, 1651, 1172 7.15-7.92 (m, 12H, Ar-H); 8.51 (s, 1H, CH=N); 9.92-10.02 (2s, 1H, NH-CS); 461.1054 (FAB) 461.1049 (MH*)
10.24 (s, 1H, CS-NH); 11.97 (s, 1H, CO-NH).

5f 3317, 3236, 1651, 1165  2.32 (s, 3H, CgH,CHa); 7.13-7.92 (m, 12H, Ar-H); 8.51 (s, 1H, CH=N); 9.91-  457.1304  (FAB) 457.1335 (MH™*)

10.24 (d,b, 2H, NH-CS-NH); 11.95 (s, 1H, CO-NH).

TABLE 3. Cytotoxicity and antiviral activity of compounds in Hel, HeLa and Vero cell cultures

Compound HEL cell cultures HELA cell cultures Vero cell cultures
Min. Min. inhibitory conc. ® (ug/ml) Min. Min. inhibitory conc. ® (ug/ml) Min. Min. inhibitory conc. ® (ug/ml)

CYotoXiC  Herpes  Herpes Vaccinia Vesicular Herpes | Y1OIOXIC viesicular  Coxsackie  Respiratory | Y1019XC para Reo Sindbis Coxsackie Punta

conc.2  gimplex simplex  virus  stomatitis simplex | °1C-?  stomatitis B4 virus  syncytial | OMC-? {influenza-3 virus- virus  Bé4virus  Toro

(Hg/mb)  irus1  virus-2 vius  virus-1 | “9/M) s virus (ug/mi) virus 1 virus

(KOS)  (G) TK KOS
ACV"

4a 8 >1.6 >1.6 >1.6 >1.6 >1.6 40 >8 >8 >8 40 >8 >8 >8 >8 >8
4b 8 >1.6 >1.6 >1.6 >1.6 >1.6 40 >8 >8 >8 40 >8 >8 >8 >8 >8
4c 8 >1.6 >1.6 >1.6 >1.6 >1.6 8 >1.6 >1.6 >1.6 8 >1.6 >16 >16 >16 >1.6
4d 8 >1.6 >1.6 >1.6 >1.6 >1.6 200 >40 >40 >40 40 >8 >8 >8 >8 >8
4e 8 >1.6 >1.6 >1.6 >1.6 >1.6 40 >8 >8 >8 40 >8 >8 >8 >8 >8
4f 8 >1.6 >1.6 >1.6 >1.6 >1.6 40 >8 >8 >8 40 >8 >8 >8 >8 >8
49 8 >1.6 >1.6 >1.6 >1.6 >1.6 40 >8 >8 >8 40 >8 >8 >8 >8 >8
5a 8 >1.6 >1.6 >1.6 >1.6 >1.6 40 >8 >8 >8 40 >8 >8 >8 >8 >8
5b 8 >1.6 >1.6 >1.6 >1.6 >1.6 200 >40 >40 >40 40 >8 >8 >8 >8 >8
5¢c 8 >1.6 >1.6 >1.6 >1.6 >1.6 200 >40 >40 >40 40 >8 >8 >8 >8 >8
5d 8 >1.6 >1.6 >1.6 >1.6 >1.6 40 >8 >8 >8 40 >8 >8 >8 >8 >8
5e 8 >1.6 >1.6 >1.6 >1.6 >1.6 200 >40 >40 >40 40 >8 >8 >8 >8 >8
5f 8 >1.6 >1.6 >1.6 >1.6 >1.6 200 >40 >40 >40 40 >8 >8 >8 >8 >8
Brivudin >250 0.08 10 2 >250 >250 >250 >250 >250 >250 >250 >250 >250 >250 >250 >250
(uM)
Ribavirin >250 250 250 150 150 >250 >250 30 150 50 >250 150 150 >250 >250 250
(M)
Acyclovir >250 0.4 0.4 >250 >250 50
(M)
Ganciclovir >100  0.032 0.0064 100 >100 2.4
(M)
(S)-DHPA >250 150 150 >250 >250 50 250 >250 >250 >250
(HM)

a Required to cause a microscopically detectable alteration of normal cell morphology.
b Required to reduce virus-induced cytopathogenicity by 50%.
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TABLE 4. Cytoxicity and antiviral activity of compounds 4a-g and 5a-f against cytomegalovirus (CMV) and varicella-zoster virus (VZV) in human embryonic lung

(HEL) cells.
Compd. Antiviral activity ECgq (ug/ml)@ Cytotoxicity (ug/ml)
CMV (cytomegalovirus) VZV (varicella-zoster virus) Cell morphology MCCP Cell growth

AD-169 strain Davis strain TK+ (OKA strain)  TK- (07/1 strain) CMV assay VZV assay CCso°
4a >4 >4 >4 >4 20 20 10.5
4b >20 >20 >20 >4 100 =20 >100
4c >4 >4 >4 >4 20 20 12.6
4d >20 >4 >4 >20 =20 =20 >100
4e >20 >20 >20 >20 100 =20 >100
4f >20 >100 >20 >20 =100 100 >100
49 >20 >20 >20 >20 100 100 >100
5a >20 >4 >4 >20 =20 =20 >100
5b >20 >20 >0.8 >4 100 >0.8 >100
5¢ >4 >4 >4 >4 20 =4 62.2
5d >4 >20 >4 >4 =20 20 >100
5e >20 >20 >4 >4 100 20 >100
5f >20 >4 >4 >4 =20 =4 >100
Ganciclovir 1.4 1.7 - - 400 - 80
Cidofovir 0.24 0.37 - - 400 - 57
Acyclovir - - 1.0 15 - >50 190
Brivudin 0.0095 12.6 - >50 244

a Effective concentration required to reduce virus-induced cytopathic effect by 50%. Virus input was 20 (VZV) or 100 (CMV) plague forming units (PFU).
b Minimum cytotoxic concentration that causes a microscopically detectable alteration of cell morphology.

¢ Cytotoxic concentration required to reduce cell growth by 50%.

(c) HEL cell culture : Herpes simplex virus type 1 (HSV-1)
(KOS strain), Herpes simplex virus type 2 (HSV-2) (G
strain), Vaccinia virus , Vesicular stomatitis virus , HSV-1
thymidine kinase deficient virus (TK- KOS ACVT).

(d) HEL cell culture : Cytomegalovirus (CMV) (strains AD-169
and Davis), Varicella-zoster virus (VZV) (TK*VZV strain
OKA strain and 07/1 strain).

(e) MT-4 cells : HIV-1 (IIIB) and HIV-2 (ROD) strains.

Brivudin, (S)-DHPA, ribavirin, acyclovir, cidofovir and ganci-
clovir were used as the reference compounds. In the tests with
viruses decribed in (a), (b), (c), (d) and (e) antiviral activity and
cytotoxicity were determined with the compounds 4a-g and
5a-f. None of synthesized compounds had selective activity at
subtoxic concentrations against the viruses tested.

Antitubercular activity

Compounds 4a-g and 5a-f were also tested for in vitro antitu-
bercular activity against M. tuberculosis H37Rv (ATCC 27294)
using the BACTEC 12B medium and a broth microdilution as-
say, the Microplate Alamar Blue Assay (MABA) (28,29). Ri-
fampicin was used as the standard in the antitubercular as-
says. None of the tested compounds were considered for fur-
ther antitubercular evaluation as they exhibited less than 90%
inhibition in the primary screen (MIC>6.25 ng/mL).

Anticancer activity

Both cytotoxicity and anticancer assay results showed that,
none of the tested concentrations of the compounds gave ICs,
values. Therefore, it was concluded that there were no signifi-
cant differences found between cytotoxic and anticancer ef-
fects of the compounds at four different concentrations (10
nM, 100 nM, 1 uM, 10 uM) tested. Compounds 4a, 5a, and 5e

caused 10-20% cytotoxic effect at the highest concentration on
4th day of the incubation period (30) (Figure 2)

EXPERIMENTAL

Chemistry

All chemical compounds were purchased from Fluka. Melting
points were taken on Buchi-530 apparatus. Merck silica gel 60
F254 plates were used for analytical TLC and visualized with
UV. The IR spectra were obtained with a Shimadzu FTIR-
8400.1H NMR spectra in DMSO- d, were obtained on a Bruker
Avance-DPX 400 instrument. HR-Mass spectra using EI and
FAB ionization techniques, were performed using a Jeol JMS-
700 instrument.

Synthesis of 4-Aminobenzoic acid hydrazide 1 (17)

Ethyl 4-aminobenzoate (0.01 mol) was added to hydrazine-
hydrate (99%, 3 mL) . The reaction mixture was heated for 1 h
and this reaction mixture was refluxed in the presence of etha-
nol. The compound thus obtained was allowed to stand over-
night. The precipitated solid was washed with water, dried
and cleaned twice using hot methanol.

4-Amino-N’-[(4-fluoro/4-(trifluoromethyl)phenyl)methylene]
benzohydrazide 2 (17), 3

General procedure

A solution of 0.01 mol of 1 and equimolar amount of appropri-
ate aldehyde in 60 mL of ethanol was heated under reflux for 1
h (15 min for compound 3). The precipitate obtained was fil-
tered off, washed with water and cleaned twice with boiling
EtOH.

For compound 3 yield: 47 % , m.p.: 225 °C (ethanol); IR (KBr) :
[em1]: 3440, 3332 (Ar-NH,), 3271, 3217 (NH), 1632 (C=0O, hydra-
zone); TH-NMR & [ppm] DMSO-d, : = 5.83 (s, 2H, Ar-NH,), 6.60
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TABLE 5. Cytoxicity and antiviral activity of compounds 4a-g and 5a-f

against HIV-I (IlIB) and HIV-Il (ROD).

Compounds HIV- (lllg) HIV-Il (ROD)
ECsq CCsq ECsq CCsq
(ug/ml)2 (ug/mi)> (ug/ml)2 (ug/mi)®
4a >53.85 53.85 >53.85 53.85
4b >125 >125 >125 >125
4c >20.3 94.00 >16.8 94.00
4d >125.00 >125.00 >125.00 >125.00
4e >125.00 >125.00 >125.00 >125.00
4f >59.10 59.10 >59.10 59.10
49 >125.00 >125.00 >125.00 >125.00
5a >70.9 >125 >79.2 >125
5b >125.00 >125.00 75.25 >125.00
5¢ >58.10 >58.10 >58.10 >58.10
5d >68.10 68.10 >68.10 68.10
5e >75.70 75.70 >75.70 75.70
5f >118.00 >125.00 >125.00 >125.00

a Effective concentration required to protect 50% of the cells against
destruction by the virus.

b Cytotoxic concentration required to destroy 50% of the uninfected host
cells.

(d, 2H, o-NH,, J= 8.6 Hz), 7.69 (d, 2H, m-NH,, J= 8.6 Hz), 7.80 (d,
2H, o-CH, J=8.3 Hz), 7.91 (d, 2H, m-NH, J=8.3 Hz), 8.46 (d,1H, -
CH=N), 11.65 (s,1H, -CONHN=CH-); HR-MS (EI, 70 eV): m/z
(calculated/ found) for C;5H;,F3N;0 307.0932 [M*], 307.0903.

1-[4-[[2-[(4-substituted phenyl)methylene] hydrazino]carb
onyl]phenyl]-3-substituted thioureas 4a-g, 5a-f

General procedure

A dry acetonitrile solution of 4-amino-N’-[(4-fluoro/4-trifluoro
phenyl)methylene]-benzohydrazide and equimolar substituted
phenyl isothiocyanates in dry acetonitrile was heated under re-
flux for 9-15 h. The completion of reaction was checked by TLC
(petroleum ether : acetone, 50:50, v/v) . The precipitate obtained
was filtered off and recrystallized twice with dry acetonitrile.

Biological activity

Antiviral activity

Compounds 4a-g and 5a-f were tested for antiviral activity
and cytotoxicity in various viral test systems, according to pre-
viously published procedures (23-27). The synthesized com-
pounds were tested against HIV-1 (IIIB) and HIV-2 (ROD),
vesicular stomatitis virus, Coxsackie B4 virus, respiratory syn-
cytial virus, parainfluenza-3 virus, reovirus, Sindbis virus,
Punto Toro virus, herpes simplex virus type 1 and 2 and vac-
cinia virus-induced cytopathogenicity at subtoxic concentra-
tions in MT-4 cells , HelLa, Vero or Hel cell culture. Brivudin,
(S)-DHPA, ribavirin, acyclovir, cidofovir and ganciclovir were
used as the reference compounds.

Antitubercular activity

Antitubercular evaluation was carried out in the Tuberculosis
Antimicrobial Acquisitionand Coordinating Facility (TAACEF).
Primary screen was conducted at 6.25 ng/ml against M.tuber-
culosis H37Rv in BACTEC 12B medium using both BACTEC
460 radiometric system and Microplate Alamar Blue Assay
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(MABA) (28, 29) . Compounds effecting < 90 % inhibition in
the primary screen (MIC > 6.25 g/ml) were not further evalu-
ated. Compounds demonstrating at least 90 % inhibition in the
primary screen were considered for re-testing at lower concen-
tration (MIC) in a broth microdilution MABA.

Anticancer activity

The synthesized compounds were tested for anticancer activi-
ty and cytotoxicity. The CellTiter 96 Aqueous ONE Solution
(Promega, Madison, WI) was used to evaluate cellular viability
utilizing reduction of 3-(4,5-dimethylthiazol-2-yl)-5-(3-car-
boxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium
(MTS).

Cell culture and viability assay

A 549 and L 929 cell lines were used to test both anticancer ef-
fects and cytotoxicity. Cells were routinely grown in a 75-mm
flask in an environment containing 5% CO, and passed every
3 days. Cell viability was analyzed using the MTS assay. Cells
were routinely grown in a 75-mm flask in an environment con-
taining 5% CO, and passed every 3 days. Cell viability was
analyzed using the MTS assay. 5,000 Cells were plated in each
well of a 96-well tissue culture plate. After 24 hours of growth
the medium was replaced with fresh medium containing dif-
ferent concentration (10nM, 100nM, 1pM and 10uM) of chem-
icals, and the cells were grown for 4 days (30).

The MTS assay was performed according to the protocol provid-
ed by the Manufacturer. In short, 20 uL. of MTS solution was add-
ed to each well, and cells were incubated at 37° C for 1 to 3 h. The
absorbance (at 490 nm) of each well was then determined. Data
are presented as a percentage of the values obtained from cells
cultured under the same conditions in the absence of chemicals.
For the time course study of the chemicals’ cytotoxicity, L 929 cells
were treated with chemicals with the same dose which was used
to detect anticancer effect. Cell viability was analyzed for 1-4 days
after the initiation of treatment, using the MTS assay.

All test compounds were dissolved in DMSO and the final
concentration of DMSO was 0.1%. It was observed that the sol-
vent showed no activity in these assays at the level that were
used for screening. For comparison of the anticancer activity
and cytotoxicity tests observed with the test compounds, dox-
orubicin and taxol were selected as standard drugs.
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4-Aminobenzohidrazit hidrazonlarindan tiretilmis bazi yeni tiyourelerin sentezi, antiviral, antiti-
berkiiler ve antikanser etkilerinin degerlendirilmesi

OZET: Bazi yeni 1-[4-[[2-[(4-siibstitiie fenil)metilen]hidrazino]karbonil]fenil]-3-siibstitiie tiyoiire tiirevleri, 4-amino-
benzoik asit hidraziti ile 4-fluorobenzaldehit veya 4-(trifluorometil)benzaldehit’in kondensasyonundan elde edilen 4-
amino-N’-[(4-substitiie fenil) metilen]benzoik asit hidrazitinin siibstitiie aril izotiyosiyanatlara katimi ile sentezlendi.
Sentezlenen tiim bilesiklerin in vitro olarak MT-4 hiicre kiiltiiriinde HIV-1 (IlIB) ve HIV-2 (ROD) suslarina karsi, HelLa,
Vero, HEL ve E6SM hiicre kiiltiirii ortamlarinda HSV-1, HSV-2, Coxsackie B4, Sindbis ve varicella-zoster viriislerine
karsi antiviral etkinlikleri ; Mycobacterium tuberculosis H37 Rv susuna karsi ise antimikobakteriyel etkinlikleri deger-
lendirilmistir. S6zkonusu bilesiklerin antikanser ve sitotoksik etki taramalan A 549 and L 929 hiicre kiiltiirti ortamla-
rinda belirlenmisgtir.

ANAHTAR KELIMELER: Hidrazon, Tiyouire, Antiviral aktivite, Antikanser aktivite, Mycobacterium tuberculosis H37Rv
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