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ABSTRACT

The 1-acyl(aroil)-4-(allyl)cinnamyl-thiosemicarbazides (1-9), N'-allyl(cinnamyl)-thiocarbamyl-N*-phenyl-amidrazones (10-12), allyl
derivatives of 1,2,4-triazole-5-thione (13-23), 1,3,4-(thiadiazol-2-yl) amine (24-29), derivatives of bicyclic systems: 1,2,4-triazole[3,4-b]1,3-
thiazine (30-34), 1,2,4-triazole[3,2-b]1,3-thiazine (35), 1,3,4-thiadiazole[3,2-a] pyrimidine (36, 37), hydrazide derivatives of substituted
benzoic acid (38, 39), 3,4-disubstituted-3,4,5,6-tetrahydropyrimidine-2-thione-(2-thiol) (40) and thiazolo[2,3-c][1,2,4]triazole (41-
43) were screened for their in vitro activity against the reference strains of Gram-positive and Gram-negative bacteria. The compounds
(11,12,20, 37) showed moderate activity against Gram-positive bacterial species with MIC = 31.25 - 62.5 pg/mL and may be of value for
searching new derivatives showing better antimicrobial activity. The structure-activity relationship has been discussed.

Keywords: allyl derivatives of thiosemicarbazide, N'- thiocarbamyl-N°-phenyl-amidrazones, 1,2,4-triazole-5-thione, 1,3,4-(thiadiazol-2-yl)-amine
and bicyclic systems: 1,2,4-Triazole[3,4-b]1,3-thiazine, 1,2,4-triazole[3,2-b]1,3-thiazine, thiazolo[2,3-c][1,2,4]triazole. The antimicrobial

activity

INTRODUCTION

The compounds bearing five-membered heterocyclic ring
of 1,2,4-triazole-5-thione and 1,3,4-thiadiazole possess a wide
spectrum of activity. Very often the starting material for the
synthesis of these compounds were the 1,4-disubstituted
thiosemicarbazide derivatives.

The 1,4-disubstituted thiosemicarbazide, 1,2,4-triazole
and 1,3,4-thiadiazole were reported to possess a variety of
pharmacological activities such as antibacterial [1, 4, 7, 9,
12, 14], antifungal [9, 12, 8], antiviral, antitubercular [16,
10], anticancer [5]. The literature survey revealed the anti-
convulsant [12], antiinflammatory [7, 1, 14], analgesic [14]
properties of these compounds. To compare the antimicro-
bial activity of the 1,4-disubstituted thiosemicarbazides and
their cyclized derivatives — 1,2,4-triazole and 1,3,4-thiadiazole
the biological investigations for these compounds were car-
ried out simultaneously [1, 4, 7-9, 12, 14]. The literature also
states that the antibacterial and antiviral activities of thiourea
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derivatives are due to the presence of the -NH-C(S)-NH
function in the molecule and the changes in this activity de-
pend on the nature of its substituents [13, 6].

The proteins, nucleic acids, sugars and lipids - the active
structures — are the main places of the actions of the drug.
The electrostatic and the inductive interactions are among
the other important interactions between the medicine and
the active structure. Due to these interactions, the ionic and
the hydrogen bonds between active structure-drug are possi-
ble to form.

In this paper the in vitro activity of the series of 1-acyl
(aroil)-4-(allyl)cinnamyl-thiosemicarbazides, N1-[(allyl)cinna-
myl-thiocarbamyl]-N3-phenyl-amidrazones, allyl deriva-
tives of 1,2,4-triazole-5-thione, 1,3,4-(thiadiazol-2-yl) amine,
hydrazide derivatives of substituted benzoic acid and deriva-
tives of bicyclic systems: 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-
rimidine and thiazolo[2,3-c][1,2,4]triazole against some
species of Gram-positive and Gram-negative bacteria has
been investigated. Derivatives of bicyclic systems: 1,2,4-
triazole[3,4-b]1,3-thiazine, 1,2,4-triazole[3,2-b]1,3-thiazine
and thiazolo[2,3-c][1,2,4]triazole show moderate antiHIV
activity [27].



Leokadia Strzemecka , Urszula Kosikowska, Anna Malm

The derivatives of 1-acyl(aroil)-4-(allyl)cinnamyl-thiosemi-
carbazides and N!-[(allyl)cinnamyl-thiocarbamyl]-N3-phenyl-
amidrazones due to the presence of R-C-NH-R’ or
R-C=NR’, R—C=0, -NH-NH-C(S)-NH, —CH,-CH=CH-R
groups in their structure may appear in different tautomeric
and ionic forms. The structural studies of cinnamyl deriva-
tives were described earlier [17, 18]. Due to SH, OH,
R-C-NH-R’, R-C=NR’ group or heterocyclic pyridine ring
in the molecules of the discussed compounds they may be in-
volved in the metabolic processes of bacteria and may show
the bacteriostatic or the bactericidal antibacterial activity.

The literature survey revealed that the bioactivity of de-
rivatives of 1,2,4-triazole depends on the substituents at 3, 4,
5 positions. The lack of the substituent at the nitrogen N4 or
the presence of aryl and alkyl substituents at 3 and 4 positions,
respectively [1] increases the activity. The incorporation of
benzofurane [2], 1,2,4-triazole, tetrazole [12], imidazole
[15] systems into the moiety containing the 1,2,4-triazole
ring augments considerably the biological activity.

MATERIALS AND METHODS

Nine derivatives of 1-acyl(aroil)-4-(allyl)cinnamyl-
thiosemicarbazide (1-9) [19, 20] and three of N!-allyl(cinna-
myl)-thiocarbamyl-N3-phenyl-amidrazone (10-12) [21, 22]
have been chosen for the antimicrobial investigations. 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 N!-cinnamyl-thiocarbamyl-
N3-phenyl-benzamidrazone (10) [21], N!-cinnamyl-thiocar-
bamyl-N3-phenyl-(pyridin-2-yl)amidrazone (11) [21], N!-allyl-
thiocarbamyl-N3-phenyl-(pyridin-2-yl)amidrazone (12) [22].
The chemical structures of the investigated compounds are
shown on Fig. 1.

The following allyl derivatives of 1,2,4-triazole-5-thoine
(13-23) and 1,3,4-thiadiazole (24-29) have been selected for the
investigations (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-
S-thione (22) [19], 3-(pyridin-2-yl)-4-allyl-1,2 4-triazole-
S-thione (23) [23] (Fig. 2).

The selected derivatives of 1,3,4-thiadiazole for the in-
vestigations are as follows: 2N-cinnamyl-(5-phenylmethyl-

154

X
[

R —C—NH—HN—C—NH—CHz— CH=CH-R’

1-12
1. R= H 10. R =CgHs-
2. R= CHj;- 11,12. R = pyridin-2-yl -
3. R=CgsHs5-CH> .
5. R=p-Br-CgHy4 = N-CeHs-. RT=H (12)
6. R=0-HO-CgzH4
7. R= p-NOQ-C6H4
X=0,R'=CgH5 (1-7)
8. R=p-Br-C6H4-
9. R=0-HO-CsH,4-
X =0, R"=H (89)

Fig. 1. The chemical structures of the studied 1-acyl(aroil)-4-
(allyl)cinnamyl-thiosemicarbazides and N'-allyl(cinnamyl)-thiocar-
bamyl-N*-phenyl-amidrazones
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Fig. 2. The chemical structure of the studied 3-substituted-
4-allyl(cinnamyl)-1,2,4-triazole-5-thiones

[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-y1)-[1,3,4]-thiadiazol-2-yl] amine
(29) [22] (Fig. 3).

N——N
R/< )\NH—CHZ—CH——CH—R'
S
24-29

24 R= CgHs-CHy-  27.R= CgHs-CH2-
25. R= CgH5- 28. R = CgH5-

26. R = pyridin-2-yl 29. R = pyridin-2-yl

27-29 R'=H

24-26 R'=CgHs-

Fig. 3. The chemical structure of the studied 2N-allyl(cinnamyl)-
(5- substituted-[1,3,4]-thiadiazol-2-yl) amine
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The derivatives of the bicyclic systems: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]pyrimidine (36, 37) are shown on Fig. 4.

30-34
30.R = CHs- R 38. R =CoHs-

31. R = CeHs-CHz-
32 R = CeHs-

33 R=p-Br-CgHy-
34. R = pyridin-2-yl

CeHs

N
N/\
R
///
N S
36,37
36. R = pyridin-2-yl

37.R= C4Hs-

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

SH-3-Methyl-7-phenyl-6,7-dihydro-1,2,4-triazole[3,4-b]
1,3-thiazine (30) [20], SH-3-phenylmethyl-7-phenyl-6,7-dihy-
dro-1,2,4-triazole[3,4-b]1,3-thiazine (31) [20], SH-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], SH-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]pyrimidine (36) [21], 4,5,6,7-
tetrahydro-2,5-diphenyl-1,3,4-thiadiazole[3,2-a]pyrimidine
(37) [21] have been chosen for the investigations.

The hydrazide derivatives of the substituted benzoic acid: o-hy-
droxybenzoic acid [5,6-dihydro-6-phenyl-4H-1,3-thiazin-2-yl]
hydrazide, o-hydroxybenzoic acid [5,6-dihydro-6-phenyl-
4H-1,3-thiazin-2-ylidene] hydrazide (38) [20], p-nitroben-
zoic acid [5,6-dihydro-6-phenyl-4H-1,3-thiazin-2-ylidene]
hydrazide (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]triazole (41) [19], 3-phenyl-6-methyl-5,6-dihydro-
thiazolo[2,3-c][1,2,4]triazole (42) [19], 3-(o-hydroxy-phe-
nyl-)6-methyl-5,6-dihydrothiazolo[2,3-c][1,2,4]triazole (43)
[19] and 7H-2,5-diphenyl 5,6-dihydro-1,2,4-triazole[3,2-b]
1,3-thiazine (35) [24] origin from the 4-(allyl)cinnamyl-3-
substituted [1,2,4] triazole-5-thiones derivatives [19, 24].
They are presented on Figs 6 and 4.
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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)

HsCy

38. R=0-HO-CgHga-
3. R = p-NO,-CgHy-
40. R = 0-HO-CgHy4-

1-43
41. R = 06H5-CH2-
‘42. R = CgHs-
43. R=0-HO-CgsgHy-

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

Antibacterial activity tests were carried out against a panel
of 8 reference strains of aerobic bacterial species including
Gram-positive bacteria (Staphylococcus aureus ATCC
25923, Staphylococcus epidermidis ATCC 12228, Bacillus
subtilis ATCC 6633, Micrococcus luteus ATCC 10240) or
Gram-negative bacteria (Escherichia coli ATCC 25922,
Klebsiella pneumoniae ATCC 13883, Proteus mirabilis
ATCC 12453, Pseudomonas aeruginosa ATCC 9027). All
these strains, routinely used for evaluation of antimicrobials,
came from American Type Culture Collection (ATCC). The
standardized microbial suspensions were prepared in sterile
saline (0.85% NaCl) with an optical density of 0.5 McFar-
land standard (150 x 106 CFU [Colony Forming Units/mL]).

All stock solutions of the tested compounds were dis-
solved in dimethyl sulfoxide (DMSO). It was found that
DMSO at the final concentration had no influence on growth
of the tested microorganisms.

Preliminary in vitro antimicrobial potency of the tested
compounds was screened using the agar dilution method on
the basis of the bacterial growth inhibition on the Mueller-
Hinton agar to which the tested compounds at concentration
of 1000 pg/mL were added. The plates were poured on the
day of testing; 10 UL of the standarized bacterial suspension
was put onto the prepared solid media. The plates were incu-
bated at 35°C for 18 h.

The in vitro antibacterial activity of the potentially active
tested compounds were determined on the basis of MIC
(minimal inhibitory concentration), usually defined as the
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lowest concentration of the compound at which there was no
visible growth of the tested microorganisms. Determination
of the MIC value was achieved by broth microdilution
method with a series of two-fold dilutions of the tested sub-
stances in the range of final concentrations from 3.91 to
1000 wg/mL. In this technique 96-well microplates were
used; 198 uL of Mueller-Hinton broth without or with the
tested compound was inoculated with 2 pL of the standard-
ized microbial suspension (total volume per each well — 200
uL). After incubation (at 35°C for 18 h), spectrophotometric
measurements of optical density (ODg) of the bacterial cul-
tures with or without the tested compounds were performed
in order to determine MIC. The blank control wells with
two-fold dilution of each tested compound added to
Mueller-Hinton broth without bacteria were incubated under
the same conditions. Cefuroxime, belonging to 2nd genera-
tion of cephalosporins, was used as control antimicrobial
agent at final concentrations from 0.063 to 500 pg/mL.
The MBC (minimal bactericidal concentration), defined
as the lowest concentration of the compound that resulted in
> 99.9% reduction in CFU of the initial inoculum, was also
assessed. MBC was determined using broth microdilution
technique by plating out onto Mueller Hinton agar plates the
contents of wells (20 puL) with the tested compounds that
showed no visible growth of bacteria after previous incuba-
tion at 35°C for 18 h. Then, the plates were incubated at 35°C
for 18 h. Both MIC and MBC values were defined in pg/mL.

RESULTS AND DISCUSSION

The 1-acyl(aroil)-4-(allyl)cinnamyl-thiosemicarbazides and
Nl-allyl(cinnamyl)-thiocarbamyl-N3-phenyl-amidrazones due
to the presence of R—C=0, R-C-NH-R’ or R-C=NR’,
-NH-NH-C(S)-NH and —CH,-CH=CH-R groups may show
antimicrobial activity. The synthesis of the linear derivatives
were described earlier [19-22]. They were used for the in-
vestigation of the cyclization with hydrochloric acid to
afford various heterocyclic systems [20-22]. The cyclization
reaction of the mentioned linear compounds provide the
following heterocyclic systems: 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], derivatives of bicyclic systems: SH-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]-thiadiazole[3,2-a]
pyrimidine (36, 37) [21], hydrazide derivatives of substituted
benzoic acid: o-hydroxybenzoic acid [5,6-dihydro-6-phe-
nyl-4H-1,3-thiazin-2-yl] hydrazide, o-hydroxybenzoic acid
[5,6-dihydro-6-phenyl-4H-1,3-thiazin-2-ylidene] hydrazide
(38), p-nitrobenzoic acid [5,6-dihydro-6-phenyl-4H-1,3-
thiazin-2-ylidene] hydrazide (39) [20] and 3-(o-hydroxy-
benzoilamino)-4-phenyl-3.4,5,6-tetrahydropyrimidine-2-thio-
ne-(2-thiol) (40) [20]. The biological activity of these com-
pounds has not been the subject of the studies.

The in vitro antimicrobial activity of the compounds
(1-43) was screened using agar dilution method against the
reference strains of Gram-negative and Gram-positive bac-
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terial species with 1000 ug/mL concentration of the agent in
the medium. Some of these compounds (1, 9,11, 12, 19, 20,
22, 23, 36, 37) possessed activity only against the tested
Gram-positive bacteria — Staphylococcus species, Bacillus
subtilis ATCC 6633 or Micrococcus luteus ATCC 10240; no
activity against Gram-negative bacteria was found.

According to our data obtained by broth microdilution
method (Table 1), the compounds (1, 9, 11, 12, 19, 20, 22,
23, 36, 37) had differential activity against Gram-positive
bacteria with MIC values from 31.25 to >1000 pug/mL; MBC
values ranged from 62.5 —>1000 ug/mL. Based on the ob-
tained values of MBC/MIC ratio, the tested compounds had
bactericidal (MBC/MIC < 4) or bacteriostatic (MBC/MIC
>4) effect [3, 28]; when MIC was 500 pg/mL and MBC > 1000
pug/mL this effect was not possible to assess. It was shown
that the highest activity against Gram-positive bacteria was
assigned to compound (12) with MIC =31.25 - 62.5 ug/mL
and MBC = 62.5 — 500 ug/mL. This compound was bacteri-
cidal against Staphylococcus epidermidis ATCC 12228
(MIC = MBC = 62.5 ug/mL; MBC/MIC = 1), B. subtilis
ATCC 6633 (MIC=MBC=62.5 ug/mL; MBC/MIC = 1) or
M. luteus ATCC 10240 (MIC = 31.25 pug/mL, MBC = 62.5
ug/mL, MBC/MIC = 2) and bacteriostatic against Staphylo-
coccus aureus ATCC 25923 (MIC = 62.5 ug/mL, MBC =
500 ug/mL, MBC/MIC = 8). The slightly lower inhibitory
effect on Gram-positive species used was assigned to com-
pound (11) showing bacteriostatic effect (MIC = 31.25 —
62.5 ug/mL, MBC > 1000 pg/mL; MBC/MIC > 16 — 32).
Compound (9) inhibited the growth of Gram-positive bacte-
ria with MIC = 125 — 500 ug/mL; it had bactericidal effect
but only against B. subtilis ATCC 6633 (MBC/MIC = 2).
The compound (1) was active only against B. subtilis ATCC
6633 showing bactericidal effect (MIC = MBC = 125 ug/mL,
MBC/MIC = 1).

Table 1. The influence of compounds (1,9, 11,12, 19, 20, 22,23, 36,
37) on the growth of Gram-positive bacteria on the basis of MIC
(ug/mL) or MBC (pg/mL) values determined by broth
microdilution method

Sa25923 Sel2228 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

Abbreviations: nd - not determined, Sa25923 - Staphylococcus aureus
ATCC 25923, Se12228 - Staphylococcus epidermidis ATCC 12228, Bs6633 -
Bacillus subtilis ATCC 6633, M110240 — Micrococcus luteus ATCC 10240

In series of 3-substituted-4-allyl-1,2,4-triazole-5-thione
derivatives, the compounds (19, 20, 22, 23) showed activity
against Gram-positive bacteria with MIC values from 62.5
pg/mL to 1000 pg/mL and MBC ranged from 250 pg/mL to

21000 pug/mL. The compound (20) showed moderate activ-
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ity against Gram-positive bacteria with MIC = 62.5 — 500
ug/mL and MBC = 250 ug/mL to > 1000 ug/mL and had
bactericidal effect against S. epidermidis ATCC 12228 MIC
=500 ug/mL, MBC = 1000 ug/mL (MBC/MIC = 2), B. sub-
tilis ATCC 6633 MIC = 62.5 pg/mL, MBC = 250 pg/mL
(MBC/MIC = 4) and M. luteus ATCC 10240 MIC = 250
pg/mL, MBC = 1000 pg/mL (MBC/MIC =4). The lower in-
hibitory effect against Gram-positive species used was
exhibited by compounds (19) and (23). They inhibited the
growth of the investigated species with MIC = 250 — 1000
pg/mL, MBC > 1000 ug/mL. The derivative (19) was bacte-
ricidal against B. subtilis ATCC 6633 (MIC = 250 ug/mL,
MBC = 1000 pg/mL, MBC/MIC = 4) and M. luteus ATCC
10240 (MIC = MBC = 1000 ug/mL, MBC/MIC = 1). The
compound (23) had bactericidal effect against B. subtilis
ATCC 6633 with MIC =250 ug/mL, MBC = 1000 g/mL and
MBC/MIC = 4.

The derivatives of 4,5,6,7-tetrahydro-2-substituted-5-
phenyl-1,3,4-thiadiazole[3,2-a]pyrimidine, compounds (36,
37) inhibited the growth of the species used with MIC = 62.5 —
250 ug/mL, MBC=62.5— >1000 pug/mL. The compound (36)
inhibited the growth of Gram-positive bacteria with MIC =
125-250 pg/mL, MBC =125 — 1000 ug/mL. It had bacteri-
cidal effect against all tested Gram-positive bacteria: S.
aureus ATCC 25923 (MIC = 250 ug/mL, MBC = 1000
ug/mL, MBC/MIC =4), S. epidermidis ATCC 12228 and B.
subtilis ATCC 6633 (MIC =250 ug/mL, MBC =250 pg/mL,
MBC/MIC=1), M. luteus ATCC 10240 (MIC =125 pg/mL,
MBC =125 ug/mL, MBC/MIC = 1). The compound (37) had
the activity against Gram-positive bacteria with MIC = 62.5
— 125 g/mL, MBC = 62.5 —>1000 ug/mL; it had bactericidal
effect only against B. subtillis ATCC 6633 with MIC =MBC
= 62.5 ug/mL (MBC/MIC = 1) and M. luteus ATCC 10240
with MIC =62.5 ug/mL, MBC = 125 pg/mL (MBC/MIC=2).

In our experiments MICs of available antibiotic such as
cefuroxime, that has been extensively used to treat of bacte-
rial infections, was also estimated; it was 0.49—0.98 pg/mL
for the tested Gram-positive bacteria.

On the basis of our results, the compounds (11, 12, 20, 37)
exhibited moderate antibacterial activity against Gram-positive
bacteria, including both pathogenic S. aureus (compounds 11,
12) or opportunistic S. epidermidis (compounds 11, 12), B. sub-
tilis (compounds 11, 12, 20, 37) and M. luteus (compounds 11,
12, 37) species, and may be of value for searching new deriva-
tives showing better antimicrobial activity.

From the point of a structure-activity relationship, the re-
sults obtained revealed that the antibacterial property is
connected with the differences in the internal structure of the
investigated derivatives. The 1-acyl(aroil)-4-(allyl)cinnamyl-
thiosemicarbazides and N!-allyl(cinnamyl)-thiocarbamyl-
-N3-phenyl-amidrazones exsist in various tautomeric modi-
fications [17, 18]. The proton tautomeric equilibrium plays
an important role in the enzyme catalysis [11]. The 'H NMR
investigations of the linear compounds support the C=S and
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C-SH forms. Different tautomeric structures of the linear
compounds due to the inductive interactions may take part in
the hydrogen bonds.

In the series of thiosemicarbaside (1-9) compounds (1)
and (9) show activity against Gram—positive bacteria. The
substituents at the nitrogen atom N1, the aldehyde group for
(1) and ketone group for compounds (2-9) are the cause of
the difference of polarization of the carbonyl group. As a re-
sult of the polarization the carbon and oxygen atoms acquire
a certain positive and negative charge, respectively and the
strong ionic bonds may appear due to the electrostatic inter-
actions. The presence of the electron-donating group in the
aroyl radical HO-C¢Hy- increases considerably the electron
density of the nitrogen at position 2 [17, 20]. On the other
hand the allyl radical at N4, compound (9) causes the
changes of the electronic structure of the nitrogen atom N4
[25, 26]. The nitrogen atom N4 may appear as the amine-
type, the pyrrole-type or the pyridine-type. In case of the
electron-accepting pyridine-type nitrogen N4, allyl radical
acquires partial positive charge and the nitrogen atom N4
partial negative charge; it increases the negative electrostatic
potential of the molecule and determines the chemical be-
haviour similar to those in the case of the carbonyl fragment.

The application of amidrazones in this reaction seems to
be interesting due to the presence of R-C-NH-R’ or
R-C=NR’ instead of R—C=0 group in the molecule. In the
series of N!-(cinnamyl/allyl-thiocarbamyl) amidrazones,
compounds (11) and (12) show activities against Gram-
positive bacteria. Due to the presence of the pyridine ring in
the molecule (compounds 11, 12) the ionic resonance struc-
tures are possible. Based on the data regarding the activity of
(6, 9), compound (6) shows no inhibitory effect on Gram-
positive bacteria used and (11, 12) one can state that differ-
ent ionic and tautomeric forms of the derivatives are
required to show biological activity. The searching of the
new derivatives of the presented linear compounds showing
better antimicrobial activity may be successful.

In case of 3-substituted-4-allyl-1,2,4-triazole-5-thione
and 1,3,4-thiadiazole[3,2-a]pyrimidine derivatives the influ-
ence of the substituent at positions 3 and 2, respectively on
the antibacterial activity is observed. The presence of phenyl
substituent in both series of the derivatives (compounds 20,
37) increases the antibacterial activity. The phenyl substitu-
ent on the contrary to the pyridine-2-yl one increases the
negative electrostatic potential of the 1,2,4-triazole and
1,3,4-thiadiazole rings, respectively of the discussed com-
pounds (20, 37).

The antibacterial activity of the studied 1-(o-hydroxy-
benzoil)-4-allyl-thiosemicarbazide (9), N!-allyl-thiocarbamy]-
N3-phenyl-(pyridin-2-yl)amidrazone (12) and the corre-
sponding cyclic derivatives of 3-substituted-4-allyl-1,2,4-
triazole-5-thiones is more pronounced in case of the linear
derivatives.
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