
INTRODUCTION
The com pounds bear ing five- membered het ero cyc lic ring 

of 1,2,4- triazole- 5- thione and 1,3,4- thiadiazole pos sess a wide
spec trum of ac tiv ity. Very of ten the start ing ma te rial for the
syn the sis of these com pounds were the 1,4- disubstituted
thio semi car ba zide de riva tives. 

The 1,4- disubstituted thio semi car ba zide, 1,2,4- triazole
and 1,3,4- thiadiazole were re ported to pos sess a va ri ety of
phar ma col ogi cal ac tivi ties such as an ti bac te rial [1, 4, 7, 9,
12, 14], an ti fun gal [9, 12, 8], an tivi ral, an ti tu ber cu lar [16,
10], anti can cer [5]. The lit era ture sur vey re vealed the an ti -
con vul sant [12], antiin flam ma tory [7, 1, 14], an al ge sic [14]
prop er ties of these com pounds. To com pare the an ti mi cro -
bial ac tiv ity of the 1,4- disubstituted thio semi car ba zides and
their cyc lized de riva tives – 1,2,4- triazole and 1,3,4- thiadiazole
the bio logi cal in ves ti ga tions for these com pounds were car -
ried out si mul ta ne ously [1, 4, 7-9, 12, 14]. The lit era ture also 
states that the an ti bac te rial and an tivi ral ac tivi ties of thi ourea 

de riva tives are due to the pres ence of the –NH-C(S)-NH
func tion in the mole cule and the changes in this ac tiv ity de -
pend on the na ture of its sub stitu ents [13, 6].

The pro teins, nu cleic ac ids, sug ars and lip ids - the ac tive
struc tures – are the main places of the ac tions of the drug.
The elec tro static and the in duc tive in ter ac tions are among
the other im por tant in ter ac tions be tween the medi cine and
the ac tive struc ture. Due to these in ter ac tions, the ionic and
the hy dro gen bonds be tween ac tive structure- drug are pos si -
ble to form. 

In this pa per the in vi tro ac tiv ity of the se ries of 1- acyl
(aroil)-4-(al lyl)cinnamyl- thiosemicarbazides, N1-[(al lyl)cinna-
myl–thio car ba myl]-N3-phenyl -amidrazones, al lyl de riva -
tives of 1,2,4- triazole- 5- thione, 1,3,4-(thiadiazol- 2- yl) amine,  
hy dra zide de riva tives of sub sti tuted ben zoic acid and de riva -
tives of bi cyc lic sys tems: 1,2,4- triazole[3,4-b]1,3- thiazine,
1,2,4- triazole[3,2-b]1,3- thiazine, 1,3,4- thiadiazole[3,2-a]py -
rimid ine and thia zolo[2,3-c][1,2,4]tria zole against some
spe cies of Gram- positive and Gram- negative bac te ria has
been in ves ti gated. De riva tives of bi cyc lic sys tems: 1,2,4-
 triazole[3,4-b]1,3- thiazine, 1,2,4- triazole[3,2-b]1,3- thiazine 
and thia zolo[2,3-c][1,2,4]tria zole show mod er ate antiHIV
ac tiv ity [27].  

The an ti bac te rial ac tiv ity of al lyl de riva tives of thio semi car ba zide,
N1-thi oca rb amylamidr azone, 1,2,4- triazole- 5- thione,

1,3,4-(thiadiazol- 2- yl) amine and de riva tives of bi cyc lic sys tems:
1,2,4- triazole[3,4-b]1,3- thiazine, 1,2,4- triazole[3,2-b]1,3- thiazine,
1,3,4- thiadiazole[3,2-a]py rimid ine, thia zolo[2,3-c][1,2,4]tria zole
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43)  were screened for their in vi tro ac tiv ity against the ref er ence strains of Gram- positive and Gram- negative bac te ria. The com pounds
(11, 12, 20, 37) showed mod er ate ac tiv ity against Gram- positive bac te rial spe cies with MIC = 31.25 – 62.5 µg/mL and may be of value for
search ing new de riva tives show ing bet ter an ti mi cro bial ac tiv ity. The structure- activity re la tion ship has been dis cussed. 
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The de riva tives of 1- acyl(aroil)-4-(al lyl)cinnamyl- thiosemi- 
carbazides and N1-[(al lyl)cin na myl–thio car ba myl]-N3-phenyl- 
amidrazones due to the pres ence of R-C-NH-R’ or
R-C=NR’, R–C=O, -NH-NH-C(S)-NH, –CH2-CH=CH-R
groups in their struc ture may ap pear in dif fer ent tauto meric
and ionic forms. The struc tural stud ies of cin na myl de riva -
tives were de scribed ear lier [17, 18]. Due to SH, OH,
R-C-NH-R’, R-C=NR’ group or het ero cyc lic pyri dine ring
in the mole cules of the dis cussed com pounds they may be in -
volved in the meta bolic pro cesses of bac te ria and may show
the bac te ri ostatic or the bac te ri cidal an ti bac te rial ac tiv ity. 

The lit era ture sur vey re vealed that the bio ac tiv ity of de -
riva tives of 1,2,4- triazole de pends on the sub stitu ents at 3, 4,
5 po si tions. The lack of the sub stitu ent at the ni tro gen N4 or
the pres ence of aryl and al kyl sub stitu ents at 3 and 4 po si tions, 
re spec tively [1] in creases the ac tiv ity. The in cor po ra tion of
ben zo furane [2], 1,2,4- triazole, te tra zole [12], imi da zole
[15] sys tems into the moi ety con tain ing the 1,2,4- triazole
ring aug ments con sid era bly the bio logi cal ac tiv ity. 

MATERIALS AND METHODS
 Nine de riva tives of 1- acyl(aroil)-4-(al lyl)cinnamyl-

 thiosemicarbazide (1-9) [19, 20] and three of N1-a llyl(cin na -
myl)-thiocarbamyl -N3-phenyl -amidrazone (10-12) [21, 22]
have been cho sen for the an ti mi cro bial in ves ti ga tions. They
are: 1- formyl- 4- cinnamyl- thiosemicarbazide (1) [20], 1- acyl-
4- cinnamyl- thiosemicarbazide (2) [20], 1- phenylacyl- 4- cinna-
myl- thiosemicarbazide (3) [20],1- benzoil- 4- cinnamyl- thiose- 
micarbazide (4) [20], 1-(p- bromobenzoil)-4 -cinnamyl -
-thiosemicarbazide (5) [20], 1-(o- hydroxybenzoil)-4-cinna-
myl-hiosemicarbazide (6) [20], 1-(p- nitrobenzoil)-4-cinna-
myl -thiosemicarbazide (7) [20], 1-(p- bromobenzoil)-4-allyl-
thiosemicarbazide (8) [19], 1-(o- hydroxybenzoil)-4 -allyl -
-thiosemicarbazide (9) [19] and N1-cinnamyl-thiocarbamyl- 
N3-phenyl -benzamidrazone (10) [21], N1-cinnamyl-thiocar-
bamyl -N3-phenyl-(pyridin- 2- yl)amidra zone (11) [21], N1-allyl-
thiocarbamyl -N3-phenyl-(pyridin- 2- yl)amidra zone (12) [22].
The chemi cal struc tures of the in ves ti gated com pounds are
shown on Fig. 1.

The fol low ing al lyl de riva tives of 1,2,4- triazole- 5- thoine
(13-23) and 1,3,4- thiadiazole (24-29) have been se lected for the
in ves ti ga tions (Figs 2 and 3). They are: 4- cinnamyl-1,2,4-
 triazole- 5- thione (13) [20], 3- methyl- 4- cinnamyl-1,2,4- triazole
- 5- thione (14) [23], 3- phenylmethyl- 4- cinnamyl-1,2,4-
 triazole- 5- thione (15) [23], 3- phenyl- 4- cinnamyl-1,2,4-
 triazole- 5- thione (16) [21], 3- p- bromo- phenyl- 4- cinnamyl-1,2,4-
triazole- 5- thione (17) [24], 3-(pyridin- 2- yl)-4 -cinnamyl -
-1,2,4- triazole- 5- thione (18) [23], 3- phenylmethyl- 4- allyl-
1,2,4- triazole- 5- thione (19) [23], 3- phenyl- 4- allyl-1,2,4- triazole-
5- thione (20) [23], 3- p- bromo- phenyl- 4- allyl-1,2,4- triazole-
5- thione (21) [19], 3- o- hydroxy- phenyl- 4- allyl-1,2,4- triazole-
5- thione (22) [19], 3-(pyridin- 2- yl)-4 -allyl -1,2,4- triazole-
 5- thione (23) [23] (Fig. 2).

The se lected de riva tives of 1,3,4- thiadiazole for the in -
ves ti ga tions are as fol lows: 2N-cinnamyl-(5- phenylmethyl-

[1,3,4]-thiadiazol-2-yl) amine (24) [23], 2N- cinnamyl-(5- phe-
nyl-[1,3,4]-thiadiazol-2-yl) amine (25) [20, 21], 2N- cinnamyl-
[5-(pyridin- 2- yl)-[1,3,4]-thiadiazol- 2- yl] amine (26) [21],
2N-allyl-(5-phenylmethyl-[1,3,4]-thiadiazol-2-yl) amine (27)
[23], 2N-allyl-(5-phenyl-[1,3,4]-thiadiazol-2-yl) amine (28) 
[23], 2N- allyl-[5-(pyridin- 2- yl)-[1,3,4]-thiadiazol -2 -yl] amine
(29) [22] (Fig. 3).
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Fig. 1. The chemical structures of the studied 1-acyl(aroil)-4-
(allyl)cinnamyl-thiosemicarbazides and N1-allyl(cinnamyl)-thiocar-
bamyl-N3-phenyl-amidrazones
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18.  R  =  pyridin-2-yl
17.  R  =  p - B r - C 6 H 4 -
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15.  R  =   C 6 H 5  - C H 2  -
14.  R  =   C H 3  -
13.  R  =   H  -
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22.  R  =  o - H O - C 6 H 4 -
23.  R  =  pyridin-2-yl

21.  R  =  p - B r - C 6 H 4 -
20.  R  =   C 6 H 5 -
19.  R  =   C 6 H 5  - C H 2  -

13 - 18  R ' =  C6H5- 
19 - 23  R ' =  H

Fig. 2.  The chemical structure of the studied 3-substituted-
4-allyl(cinnamyl)-1,2,4-triazole-5-thiones 
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24.  R  =   C 6 H 5  - C H 2  -
25.  R  =   C 6 H 5 -
26.  R  =   pyridin-2-yl

24 - 29

27.  R  =   C 6 H 5  - C H 2  -
28.  R  =   C 6 H 5 -
29.  R  =    pyridin-2-yl

24 - 26   R ' = C6H5- 27 - 29   R ' = H

Fig. 3. The chemical structure of the studied 2N-allyl(cinnamyl)-
(5- substituted-[1,3,4]-thiadiazol-2-yl) amine  



The de riva tives of the bi cyc lic sys tems:5H-3,7- disub-
stituted-6,7- dihydro-1,2,4- triazole[3,4-b]1,3- thiazine (30-34),
7H-2,5- diphenyl-5,6- dihydro-1,2,4- triazole[3,2-b]1,3- thiazine
(35), 4,5,6,7- tetrahydro-2,5- disubstituted-1,3,4- thiadiazole
[3,2-a]py rimid ine  (36, 37) are shown on Fig. 4.

5H- 3- Methyl- 7- phenyl-6,7- dihydro-1,2,4- triazole[3,4-b] 
1,3- thiazine (30) [20], 5H- 3- phenylmethyl- 7- phenyl-6,7- dihy-
dro-1,2,4- triazole[3,4-b]1,3- thiazine (31) [20], 5H-3, 7- dip-
henyl-6,7- dihydro-1,2,4- triazole[3,4-b]1,3- thiazine (32) [20],
5H-3-(4- bromo- phenyl)-7 -phenyl -6,7- dihydro-1,2,4- triazole
[3,4-b]1,3- thiazine (33) [20], 5H-3-(pyridin- 2- yl)-7 -phenyl -
-6,7- dihydro-1,2,4- triazole[3,4-b]1,3- thiazine (34) [21],
7H-2,5- diphenyl-5,6- dihydro-1,2,4- triazole[3,2-b]1,3- thia-
zine (35) [24, 27] and 4,5,6,7- tetrahydro- 2-(pyridin- 2- yl)-5 -
-phenyl -1,3,4- thiadiazole[3,2-a]py rimid ine (36) [21], 4,5,6,7-
tetrahydro-2,5- diphenyl-1,3,4- thiadiazole[3,2-a]py rimid ine 
(37) [21] have been cho sen for the in ves ti ga tions.

The hy dra zide de riva tives of the sub sti tuted ben zoic acid: o- hy-
droxybenzoic acid [5,6- dihydro- 6- phenyl- 4H-1,3- thiazin- 2- yl]
hy dra zide, o- hydroxybenzoic acid [5,6- dihydro- 6- phenyl-
 4H-1,3- thiazin- 2- ylidene] hy dra zide (38) [20], p- nitroben-
zoic acid [5,6- dihydro- 6- phenyl- 4H-1,3- thiazin- 2- ylidene]
hy dra zide (39) [20] and 3-(o- hydroxybenzoilamino)-4 -
-phenyl -3,4,5,6- tetrahydropyrimidine- 2- thione-(2- thiol) (40)
[20] are shown on Fig. 5.

The 3- phenylmethyl- 6- methyl-5,6- dihydrothiazolo[2,3-c]
[1,2,4]tria zole (41) [19], 3- phenyl- 6- methyl-5,6- dihydro-
thiazolo[2,3-c][1,2,4]tria zole (42) [19], 3-(o- hydroxy- phe-
nyl-)6- methyl-5,6- dihydrothiazolo[2,3-c][1,2,4]tria zole (43)
[19] and 7H-2,5- diphenyl 5,6- dihydro-1,2,4- triazole[3,2-b]
1,3- thiazine (35) [24] ori gin from the 4-(al lyl)cinnamyl- 3-
 substituted [1,2,4] triazole- 5- thiones de riva tives [19, 24].
They are pre sented on Figs 6 and 4.

An ti bac te rial ac tiv ity tests were car ried out against a panel
of 8 ref er ence strains of aero bic bac te rial spe cies in clud ing
Gram- positive bac te ria (Staphy lo coc cus au reus ATCC
25923, Staphy lo coc cus epi der midis ATCC 12228, Ba cil lus
sub tilis ATCC 6633, Mi cro coc cus lu teus ATCC 10240) or
Gram- negative bac te ria (Escheri chia coli ATCC 25922,
Kleb siella pneu mo niae ATCC 13883, Pro teus mirabilis
ATCC 12453, Pseu do mo nas ae rugi nosa ATCC 9027). All
these strains, rou tinely used for evalua tion of an ti mi cro bi als, 
came from Ameri can Type Cul ture Col lec tion (ATCC). The
stan dard ized mi cro bial sus pen sions were pre pared in ster ile
sa line (0.85% NaCl) with an op ti cal den sity of 0.5 McFar -
land stan dard (150 x 106 CFU [Col ony Form ing Units/mL]).

All stock so lu tions of the tested com pounds were dis -
solved in di methyl sul fox ide (DMSO). It was found that
DMSO at the fi nal con cen tra tion had no in flu ence on growth 
of the tested mi cro or gan isms.

Pre limi nary in vi tro an ti mi cro bial po tency of the tested
com pounds was screened us ing the agar di lu tion method on
the ba sis of the bac te rial growth in hi bi tion on the Mueller-
 Hinton agar to which the tested com pounds at con cen tra tion
of 1000 µg/mL were added. The plates were poured on the
day of test ing; 10 L of the stan dar ized bac te rial sus pen sion
was put onto the pre pared solid me dia. The plates were in cu -
bated at 35oC for 18 h.

The in vi tro an ti bac te rial ac tiv ity of the po ten tially ac tive
tested com pounds were de ter mined on the ba sis of MIC
(mini mal in hibi tory con cen tra tion), usu ally de fined as the
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Fig. 4. The chemical structures of the studied 5H-3-substituted
-7-phenyl-6,7-dihydro-1,2,4-triazole[3,4-b] 1,3-thiazines, 7H-2,5-
diphenyl-5,6-dihydro-1,2,4-triazole[3,2-b]1,3-thiazine and 4,5,6,7- 
tetrahydro-2,5-disubstituted-1,3,4-thiadiazole[3,2-a]pyrimidines

Fig. 5.  The chemical structures of the studied hydrazide derivatives
of substituted benzoic acid and 3-(o-hydroxybenzoilamino)-4-
phenyl-3,4,5,6-tetrahydropyrimidine-2-thione-(2-thiol)

Fig. 6. The chemical structures of the studied 3-substituted-6-
methyl-5,6-dihydrothiazolo[2,3-c][1,2,4]triazole



low est con cen tra tion of the com pound at which there was no
visi ble growth of the tested mi cro or gan isms. De ter mi na tion
of the MIC value was achieved by broth mi cro di lu tion
method with a se ries of two- fold di lu tions of the tested sub -
stances in the range of fi nal con cen tra tions from 3.91 to
1000 g/mL. In this tech nique 96- well mi cro plates were
used; 198 µL of Mueller- Hinton broth with out or with the
tested com pound was in ocu lated with 2 µL of the stan dard -
ized mi cro bial sus pen sion (to tal vol ume per each well – 200
µL). Af ter in cu ba tion (at 35oC for 18 h), spec tro pho tomet ric
meas ure ments of op ti cal den sity (OD600) of the bac te rial cul -
tures with or with out the tested com pounds were per formed
in or der to de ter mine MIC. The blank con trol wells with
two- fold di lu tion of each tested com pound added to
Mueller- Hinton broth with out bac te ria were in cu bated un der 
the same con di tions. Ce fu rox ime, be long ing to 2nd gen era -
tion of cepha lo sporins, was used as con trol an ti mi cro bial
agent at fi nal con cen tra tions from 0.063 to 500 µg/mL.

The MBC (mini mal bac te ri cidal con cen tra tion), de fined
as the low est con cen tra tion of the com pound that re sulted in
> 99.9% re duc tion in CFU of the ini tial in ocu lum, was also
as sessed. MBC was de ter mined us ing broth mi cro di lu tion
tech nique by plat ing out onto Muel ler Hin ton agar plates the
con tents of wells (20 µL) with the tested com pounds that
showed no visi ble growth of bac te ria af ter pre vi ous in cu ba -
tion at 35oC for 18 h. Then, the plates were in cu bated at 35oC 
for 18 h. Both MIC and MBC val ues were de fined in g/mL.

RESULTS AND DISCUSSION
The 1- acyl(aroil)-4-(al lyl)cinnamyl- thiosemicarbazides and 

N1-a llyl(cin na myl)-thiocarbamyl -N3-phenyl -amidrazones due
to the pres ence of R–C=O, R-C-NH-R’ or R-C=NR’,
-NH-NH-C(S)-NH and –CH2-CH=CH-R groups may show
an ti mi cro bial ac tiv ity. The syn the sis of the lin ear de riva tives 
were de scribed ear lier [19-22]. They were used for the in -
ves ti ga tion of the cyc li za tion with hy dro chlo ric acid to
af ford vari ous het ero cyc lic sys tems [20-22]. The cyc li za tion 
re ac tion of the men tioned lin ear com pounds pro vide the
following het ero cyc lic sys tems: 4- cinnamyl- 3- substituted
[1,2,4] triazole- 5- thione (16) [21], 2N- cinnamyl-(5- substi-
tuted-[1,3,4]-thiadiazol -2 -yl) amines (25, 26) [20, 21], (29)
[22], de riva tives of bi cyc lic sys tems: 5H-3,7- disubstituted-
6,7- dihydro-1,2,4- triazole[3,4-b]1,3- thiazine (30-34) [20,
21], 4,5,6,7- tetrahydro-2,5- disubstituted-[1,3,4]-thiadia zole[3,2-a]
py rimid ine (36, 37) [21], hy dra zide de riva tives of sub sti tuted
ben zoic acid: o- hydroxybenzoic acid [5,6- dihydro- 6- phe-
nyl- 4H-1,3- thiazin- 2- yl] hy dra zide, o- hydroxybenzoic acid
[5,6- dihydro- 6- phenyl- 4H-1,3- thiazin- 2- ylidene] hy dra zide 
(38), p- nitrobenzoic acid [5,6- dihydro- 6- phenyl- 4H-1,3-
 thiazin- 2- ylidene] hy dra zide (39) [20] and 3-(o- hydroxy-
ben zoilamino)-4 -phenyl -3,4,5,6- tetrahydropyrimidine- 2- thio-
ne-(2- thiol) (40) [20]. The bio logi cal ac tiv ity of these com -
pounds has not been the sub ject of the stud ies.

The in vi tro an ti mi cro bial ac tiv ity of the com pounds
(1-43) was screened us ing agar di lu tion method against the
ref er ence strains of Gram- negative and Gram- positive bac -

te rial spe cies with 1000 g/mL con cen tra tion of the agent in
the me dium. Some of these com pounds (1, 9, 11, 12, 19, 20,
22, 23, 36, 37) pos sessed ac tiv ity only against the tested
Gram- positive bac te ria – Staphy lo coc cus spe cies, Ba cil lus
sub tilis ATCC 6633 or Mi cro coc cus lu teus ATCC 10240; no 
ac tiv ity against Gram- negative bac te ria was found. 

Ac cord ing to our data ob tained by broth mi cro di lu tion
method (Ta ble 1), the com pounds (1, 9, 11, 12, 19, 20, 22,
23, 36, 37) had dif fer en tial ac tiv ity against Gram- positive
bac te ria with MIC val ues from 31.25 to >1000 g/mL; MBC 
val ues ranged from 62.5 – >1000 g/mL. Based on the ob -
tained val ues of MBC/MIC ra tio, the tested com pounds had
bac te ri cidal (MBC/MIC  4) or bac te ri ostatic (MBC/MIC 
> 4) ef fect [3, 28]; when MIC was 500 g/mL and MBC > 1000
g/mL this ef fect was not pos si ble to as sess. It was shown
that the high est ac tiv ity against Gram- positive bac te ria was
as signed to com pound (12) with MIC = 31.25 – 62.5 g/mL
and MBC = 62.5 – 500 g/mL. This com pound was bac te ri -
cidal against Staphy lo coc cus epi der midis ATCC 12228
(MIC = MBC = 62.5 g/mL; MBC/MIC = 1), B. sub tilis
ATCC 6633 (MIC = MBC = 62.5 g/mL; MBC/MIC = 1) or
M. lu teus ATCC 10240 (MIC = 31.25 g/mL, MBC = 62.5
g/mL, MBC/MIC = 2) and bac te ri ostatic against Staphy lo -
coc cus au reus ATCC 25923 (MIC = 62.5 g/mL, MBC =
500 g/mL, MBC/MIC = 8). The slightly lower in hibi tory
ef fect on Gram- positive spe cies used was as signed to com -
pound (11) show ing bac te ri ostatic ef fect (MIC = 31.25 –
62.5 g/mL, MBC > 1000 g/mL; MBC/MIC > 16 – 32).
Com pound (9) in hib ited the growth of Gram- positive bac te -
ria with MIC = 125 – 500 g/mL; it had bac te ri cidal ef fect
but only against B. sub tilis ATCC 6633 (MBC/MIC = 2).
The com pound (1) was ac tive only against B. sub tilis ATCC
6633 show ing bac te ri cidal ef fect (MIC = MBC = 125 g/mL,
MBC/MIC = 1).

Ta ble 1. The in flu ence of com pounds (1, 9, 11, 12, 19, 20, 22, 23, 36,
37) on the growth of Gram- positive bac te ria on the ba sis of MIC
(µg/mL) or MBC (µg/mL) val ues de ter mined by broth
mi cro di lu tion method 

Sa25923 Se12228 Bs6633 Ml 10240
Comp. MIC MBC MIC MBC MIC MBC MIC MBC

1 >1000 nd >1000 nd   125   125 >1000 nd
9   125 >1000   500 >1000   500 1000   500 >1000
11  62.5 >1000  62.5 >1000 31.25 >1000  62.5 >1000
12  62.5   500  62.5 62.5  62.5  62.5 31.25  62.5
19   500 >1000   250 >1000   250 1000 1000 1000
20   500 >1000   500 1000  62.5   250   250 1000
22   500 >1000 1000 >1000 1000 >1000 1000 >1000
23   500 >1000   500 >1000   250 1000   500 >1000
36   250 1000   250   250   250   250   125   125
37   125 >1000   125 >1000  62.5  62.5  62.5   125

Ab bre via tions: nd – not de ter mined, Sa25923 – Staphy lo coc cus au reus
ATCC 25923, Se12228 - Staphy lo coc cus epi der midis ATCC 12228, Bs6633 –
Ba cil lus sub tilis ATCC 6633, Ml10240 – Mi cro coc cus lu teus ATCC 10240

In se ries of 3- substituted- 4- allyl-1,2,4- triazole- 5- thione
de riva tives, the com pounds (19, 20, 22, 23) showed ac tiv ity
against Gram- positive bac te ria with MIC val ues from 62.5
g/mL to 1000 g/mL and MBC ranged from 250 g/mL to
1000 g/mL. The com pound (20) showed mod er ate ac tiv -
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ity against Gram- positive bac te ria with MIC = 62.5 – 500
g/mL and MBC = 250 g/mL to  1000 g/mL and had
bac te ri cidal ef fect against S. epi der midis ATCC 12228 MIC
= 500 g/mL, MBC = 1000 g/mL (MBC/MIC = 2), B. sub -
tilis ATCC 6633 MIC = 62.5 g/mL, MBC = 250 g/mL
(MBC/MIC = 4) and M. lu teus ATCC 10240 MIC = 250
g/mL, MBC = 1000 g/mL (MBC/MIC = 4). The lower in -
hibi tory ef fect against Gram- positive spe cies used was
ex hib ited by com pounds (19) and (23). They in hib ited the
growth of the in ves ti gated spe cies with MIC = 250 – 1000
g/mL, MBC  1000 g/mL. The de riva tive (19) was bac te -
ri cidal against B. sub tilis ATCC 6633 (MIC = 250 g/mL,
MBC = 1000 g/mL, MBC/MIC = 4) and M. lu teus ATCC
10240 (MIC = MBC = 1000 g/mL, MBC/MIC = 1).  The
com pound (23) had bac te ri cidal ef fect against B. sub tilis
ATCC 6633 with MIC = 250 g/mL, MBC = 1000 g/mL and
MBC/MIC = 4.

The de riva tives of 4,5,6,7- tetrahydro- 2- substituted- 5-
 phenyl-1,3,4- thiadiazole[3,2-a]py rimid ine, com pounds (36,
37) in hib ited the growth of the spe cies used with MIC = 62.5 –
250 g/mL,  MBC = 62.5 –  1000 g/mL. The com pound (36)
in hib ited the growth of Gram- positive bac te ria with MIC =
125 – 250 g/mL, MBC = 125 –  1000 g/mL. It had bac te ri -
cidal ef fect against all tested Gram- positive bac te ria: S.
au reus ATCC 25923 (MIC = 250 g/mL, MBC = 1000
g/mL, MBC/MIC = 4), S. epi der midis ATCC 12228 and B.
sub tilis ATCC 6633 (MIC = 250 g/mL, MBC = 250 g/mL,
MBC/MIC = 1), M. lu teus ATCC 10240 (MIC = 125 g/mL, 
MBC = 125 g/mL, MBC/MIC = 1). The com pound (37) had
the ac tiv ity against Gram- positive bac te ria with MIC = 62.5
– 125 g/mL, MBC = 62.5 – 1000 g/mL; it had bac te ri cidal
ef fect only against B. sub til lis ATCC 6633 with MIC = MBC 
= 62.5 g/mL (MBC/MIC = 1) and M. lu teus ATCC 10240
with MIC = 62.5 g/mL, MBC = 125 g/mL (MBC/MIC = 2).

In our ex peri ments MICs of avail able an ti bi otic such as
ce fu rox ime, that has been ex ten sively used to treat of bac te -
rial in fec tions, was also es ti mated; it was 0.49–0.98 µg/mL
for the tested Gram- positive bac te ria. 

On the ba sis of our re sults, the com pounds (11, 12, 20, 37)
ex hib ited mod er ate an ti bac te rial ac tiv ity against Gram- positive 
bac te ria, in clud ing both patho genic S. au reus (com pounds 11,
12) or op por tun is tic S. epi der midis (com pounds 11, 12), B. sub -
tilis (com pounds 11, 12, 20, 37) and M. lu teus (com pounds 11,
12, 37) spe cies, and may be of value for search ing new de riva -
tives show ing bet ter an ti mi cro bial ac tiv ity.

From the point of a structure- activity re la tion ship, the re -
sults ob tained re vealed that the an ti bac te rial prop erty is
con nected with the dif fer ences in the in ter nal struc ture of the 
in ves ti gated de riva tives. The 1- acyl(aroil)-4-(al lyl)cin na myl-
thiosemicarbazides and N1-a llyl(cin na myl)-thiocarbamyl -
-N3-phenyl -amidrazones ex sist in vari ous tauto meric modi -
fi ca tions [17, 18]. The pro ton tauto meric equi lib rium plays
an im por tant role in the en zyme ca taly sis [11]. The 1H NMR
in ves ti ga tions of the lin ear com pounds sup port the C=S and

C-SH forms. Dif fer ent tauto meric struc tures of the lin ear
com pounds due to the in duc tive in ter ac tions may take part in 
the hy dro gen bonds. 

In the se ries of thio semi car ba side (1-9) com pounds (1)
and (9) show ac tiv ity against Gram–posi tive bac te ria. The
sub stitu ents at the ni tro gen atom N1, the al de hyde group for
(1) and ke tone group for com pounds (2-9) are the cause of
the dif fer ence of po lari za tion of the car bonyl group. As a re -
sult of the po lari za tion the car bon and oxy gen at oms ac quire
a cer tain posi tive and nega tive charge, re spec tively and the
strong ionic bonds may ap pear due to the elec tro static in ter -
ac tions. The pres ence of the electron- donating group in the
aroyl radi cal HO-C6H4- in creases con sid era bly the elec tron
den sity of the ni tro gen at po si tion 2 [17, 20]. On the other
hand the al lyl radi cal at N4, com pound (9) causes the
changes of the elec tronic structure of the ni tro gen atom N4
[25, 26]. The ni tro gen atom N4 may ap pear as the amine-
 type, the pyrrole- type or the pyridine- type. In case of the
electron- accepting pyridine- type ni tro gen N4, al lyl radi cal
ac quires par tial posi tive charge and the ni tro gen atom N4
par tial nega tive charge; it in creases the nega tive elec tro static 
po ten tial of the mole cule and de ter mines the chemi cal be -
hav iour simi lar to those in the case of the car bonyl frag ment. 

The ap pli ca tion of amidra zones in this re ac tion seems to
be in ter est ing due to the pres ence of R-C-NH-R’ or
R-C=NR’ in stead of R–C=O group in the mole cule. In the
se ries of N1-(cin na myl/allyl- thiocarbamyl) amidra zones,
com pounds (11) and (12) show ac tivi ties against Gram-
 positive bac te ria. Due to the pres ence of the pyri dine ring in
the mole cule (com pounds 11, 12) the ionic reso nance struc -
tures are pos si ble. Based on the data re gard ing the ac tiv ity of 
(6, 9), com pound (6) shows no in hibi tory ef fect on Gram-
 positive bac te ria used and (11, 12) one can state that dif fer -
ent ionic and tauto meric forms of the de riva tives are
re quired to show bio logi cal ac tiv ity. The search ing of the
new de riva tives of the pre sented lin ear com pounds show ing
bet ter an ti mi cro bial ac tiv ity may be suc cess ful.

In case of 3- substituted- 4- allyl-1,2,4- triazole- 5- thione
and 1,3,4- thiadiazole[3,2-a]py rimid ine de riva tives the in flu -
ence of the sub stitu ent at po si tions 3 and 2, re spec tively on
the an ti bac te rial ac tiv ity is ob served. The pres ence of phenyl 
sub stitu ent in both se ries of the de riva tives (com pounds 20,
37) in creases the an ti bac te rial ac tiv ity. The phenyl sub stitu -
ent on the con trary to the pyridine- 2- yl one in creases the
nega tive elec tro static po ten tial of the 1,2,4- triazole and
1,3,4- thiadiazole rings, re spec tively of the dis cussed com -
pounds (20, 37). 

The an ti bac te rial ac tiv ity of the stud ied 1-(o- hydroxy-
benzoil)-4 -allyl -thiosemicarbazide (9), N1-allyl-thiocarba myl-
N3-phenyl-(pyridin- 2- yl)amidra zone (12) and the cor re -
spond ing cy clic de riva tives of 3- substituted- 4- allyl-1,2,4-
triazole- 5- thiones is more pro nounced in case of the lin ear
de riva tives.
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