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Abstract: Reactrions of 3-amino~1,2,4—triazole with some dicarboxylic acid anhydrides and diketones were
studied. The structural assignments of the compounds obtained from the reactions are based on elemental
analyses and spectral data. The compounds were screened for their in vitro antibacterial activities.
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A number of articles have been devoted to
biological and biochemical investigations on 3—
amino—1,2,4—triazole (amitrole) [I] and some of its
derivatives. On the other hand, several studies
involving reactions of I have also been reported
(1-14). The present work describes the treatment of
I with phthalic [H], cis—hexahydrophthalic [IV],
tetrachlorophthalic [VI], glutaric [VIII], and
1,8-naphthalic [X] anhydrides to afford 3—phthali-
mido-1,2,4-triazole [III], 3—(cis—hexahydrophtha-
limido)—1,2,4—tiazole [V], 3-tetra—chlorophthali-
mido-1,2,4-triazole [VI], 3-glutrimido-1,2,4—
triazole [IX] and 3—(1,8-naphthalimido)-1,2,4—
triazole [XI], respectively. The work also involves
the reactions of I with cis—1,2,3,6-tetrahydroph-
thalic anhydride [XII], pyromellitic dianhydride
[XV], succinic anhydride [XVIIII], 2,4—pentandio-
ne [XX] and 2,5-hexandione [XXII] to give
N—(1,2,4-triazol-3-yl)-cis—1,2,3,6—tetrahydroph-
thalic acid monoamide [XIII], N,N’—di(1,2,4—tria-
zol-3-yD)-pyromellitic acid m-diamide [XVI],
N, N’—di(1,2,4-triazol-3—yl)-succindiamide [XIX],
4,6—dimethyl-1,2,3—triazolo—[1,5—a]pyrimidine
[XXI] and 1-(1,24-triazol-3-y1)-2,5-dimethyl-
pyrrole [XXIH] respectively

On heating, compound XVI was cyclized to
N,N'—di (1,2,4-triazol-3-yl)-pyromellitic diimide
[XVI]. But compound XIII could not be converted
to compound XIV because it sublimed on heating
(Scheme 1)

All the compounds synthesized in the study
were tested for their in vitro antimictrobial ac-
tivities against standard strains of some Gram-
positive (Staphylococcus aureus ATCC 6538 P,
Staphylococcus epidermidis ATCC 12228, Bacillus
subtilis ATCC 6633, Enterococcus faecalis ATCC
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29212), some Gram-negative (Escherichia coli
ATCC 8739, Proteus mirabilis ATCC 14153, Kleb-
siella pneumoniae ATCC 4352, Pseudomonas ae-
ruginosa ATCC 27853) bacteria nd yeast (Candida
albicans ATCC 10231). Moreover, in vitro tuber-
culostatic activities of the some compounds against
Mycobacterium tuberculosis H37 Rv were also
screened.

EXPERIMENTAL
Synhesis

Melting points were determined on a Biichi oil
heated melting point apparatus and are uncorrected.
Experimental data of the new compounds are given
in Table 1. '"H-NMR spectra (8, ppm) were ob-
tained on a Varia 60 A spectrometer by using TMS
as internal reference (Table 2). IR spectra (v, cm™')
were recorded as potassium bromide pellets on
a Perkin Elmer 1600 spectrophotometer (Table 3).
UV absorpion spectra were measured between
200-400 nm with a Shimatzu UV-1201 spectro-
photometer by using 10 mm quartz cells. All the
measurements were carried out with ethanolic solu-
tions 1.10°-1.10* (Table 3). Microanalyses were
performed on a Carlo Erba 1106 elemental analy-
zer (Table 1). The necessary chemicals were ob-
tained from Fluka. Compound XVI was obtained as
the dihydrate form.

General method for the synthesis of com-
pounds I, V, VII, IX, XI, XIIT and XVI

3-Amino-1,2,4-tiazole [I] (0.01 mol) was
heated with 0.01 mol of compound II, IV, VI,
VIII, X, XII or XV, at high temperatures (Table 1)
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Scheme 1.

for 1.5 h and then cooled. The crude product was
recrystallized from an appropriate solvent to afford
compound I, V, VII, IX, XI, XIII or XVI,
respectively (Table 1).

Synthesis of compound XVII

Compound XVI (0.01 mol) was heated at
210-215°C for 0.5 h and then cooled. The solid
product was recrystallized form acetic acit to give
compound XVIL

Synthesis of compound XIX

3—Amino—1,2,4-tiazole [I] (0.01 mol) was
treated with succinic anhydride [XVII] (0.01
mol) and the mixture was heated at 205-219°C for
1.5 h and then cooled. The solid product was
washed with 10 ml of hot dimethylsulfoxide and
dried in vacuo. Several recrystallizations of the
product from acetic acid gave pure compound
XIX.

Synthesis of compounds XXI and XXIII

3-Amino-1,2,4—triazole [I] (0.01 mol) was
heated with the corresponding diketon [XX or
XXIII] at high temperatures (Table 1) for 1.5 h.
After cooling, the solid product formed was recrys-
tallized from an appropriate solvent mixture to
afford compound XXI or XXIII (Table 1).

Microbiology

Compounds were dissolved in dilute alcohol
(1:10 dilution in distilled water) for the preparation
of stock solutions of 10.000 ug/ml. Working solu-
tions were prepared from the stock solutions in
distilled water.

Determination of in vitro antimicrobial activity
The paper disc diffusion method (15) was

used to determine the antimictobial effects of the

compounds synthesized in the study qualitatively.
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Table 1. Experimental data ol new compounds

Comp. Reaction M.p. (“C) Molecular formula Analysis (Calculated/Found)
temp. (°C) Yield (%) (Molecular weight) %C %H 9N

m 215-220 338-340 (dec)* CoHeN,O; 56.07 2.82 26.16
75 214.18 55.79 2.83 26.05

\Y 195-200 265-266" CioH:N4O, 54.54 5.49 25.44
72 220.23 54.84 5.45 25.56

i 160-165 >365° CyH,CLLN,O, 34.13 0.57 15.92
83 351.96 34.40 0.61 15.66

IX 165-170 313-315 (dec)’ C;HN,O, 46.66 4.48 3110
73 180.17 6.94 4.77 30.90

X1 230-235 363-365 (dec)* C4HN, O, 63.63 3.05 21.20
82 264.24 63.34 3.07 20.93

X1 215-220 218-220 subl. CioH12N4O5 50.84 5.12 23.72
69 236.29 50.79 5.17 23.64

XVI 160-165 * g C,;:HgN3Os-2H,0 40.00 2.88 26.66
83 420.30 39.88 3.18 26.43

XVII 210-215 >365¢ C:HeN: O, 48.01 1.73 31.99
95 350.26 48.30 1.70 31.85

XIX 205-210 328-330 (dec)! C3H,sNO; 38.40 4.03 44.79
40 250.22 38.15 3.89 45.05

XXI 130-135 134-135° C7HsN, 56.74 5.44 37.82
73 148.17 57.00 5.54 37.58

XX 160-165 197-198' CyH 6Ny 59.24 6.21 34.55
85 162.19 58.99 6.01 34.38

Crystallized from: * ethanol; ® ethanol-acetic acid (2:1), © dimethy! sulfoxide; ¢ acetic acid; © ethyl acetate-petroleum ether
(1:2); " ethanol-benzene (1:2). * The compound changed to 17 on heating.

Table 2. '"H-NMR data of new compounds (8, ppm)*

ArH
Comp. CH; CH, CH CH=CH (Homoaromatic) NH
m - - 8.54 (s, 1H) - 7.80-8.20 14.20 (s, 1H)
v - 1.20-2.00 3.00-3.40
(m, 8H, 4CH,) | (m, 2H, 2CH) - - 14.12 (s, 1H)
8.46 (s, 1H)
VII - - 8.85 (s, 1H) - - 14.60 (s, 1H)
IX - 1.60-2.40 8.30 (s, 1H) - - 14.00 (s, 1H)
(m, 6H, 3CH,)
X1 - - 8.85 (s, 1H) - 7.70-8.10 (m, 2H) 14.45 (s, 1H)
8.40-8.70 (m, 4H)
X1rr - 2.04-2.50 3.40 9.75 (s, 1H)
(m. 4H, 2CH,) | (s, 2H, 2CH) | 5.90 (s, 2H) - 14.28 (s, 1H)
8.56 (s, 1H)
XVI - - 8.70 - 8.00 (s, 2H) 9.70 (s, 2H, 2NH)
(s, 2H, 2CH) - 14.10 (s, 2H, 2NH)
XVII¢ - - - - - -
XIX - 3.00-3.40 9.00
(m, 4H, 2CH,) | (s, 2H, 2CH) - - e
XXI | 3.00 (s, 3H) - 7.80 (s, 1H)
3.40 (s, 3H) - 9.20 (s, 1H) - - -
XXIII 2.10 - 8.60 (s, 1H) 5.90 (s, 2H) - 14.20 (s, 1H)
(s, 6H, 2CHz)

* TFA for compound 19 and DMSO-d, for the other compounds; " 8 11.40 (s, |H, OH);* & 11.30 (s, 2H, 20H);" '"H-NMR
spectrum could not be obtained because the compound was insoluble in NMR solvents; © NH signals could not be
obtained in TFA.



286 AYKUT A. IKIZLER et al.

Table 3. IR and UV data of new compounds

Comp. VNH Veoo VeoN Apax» A (& x 107)
1T 3050 1735 1530, 1500 294 (0.83), 218 (13.78)
A\ 3100 1722 1532,1495 210 (1.59)

Vil 3080 1730 1525, 1497 223 (12.09)
IX 3090 1720 1545, 1500 229 (6.46)
X1 3080 1720 1590, 1490 333 (10.37), 231 (23.83)

X1 3100, 3070 1785, 1720 1525, 1490 210 (1.80)

XVI° 3130, 3080 1800, 1750 1545, 1497 295 (2.83), 217 (22.20)

XVII 3100 1705 1550, 1500 321 (25.43), 248 (36.534)

XIX 3150, 3100 1685 1550, 1500 223 2.17)
XXI - - 1640, 1550, 480 271 (4.52), 213 (16.96)

XXIII 3105 - 1548, 1510 226 (19.81), 218 (19.46)

* 3140 (vopp, " 3540, 3170 (vgpp)

Table 4. Antimicrobial activity of selected compounds™
Microorganisms” v XI XVI XXIII
S. aureus ATCC 6538P - - 500 500
S. epidermidis ATCC 12228 - - 500 250
B. subtilis ATCC 6633 - - - -
E. faecalis ATCC 29212 - - 500< -
E. coli ATCC 8739 - - 500< 500
P. mirabilis ATCC 14153 - - - 250
Kl. pneumoniae ATCC 4352 - - 500< 500<
P. aeruginosa ATCC 27853 500< - - 500
C. albicans ATCC 10231 - 15.6 - -

a) Values are given as MIC, ug/ml.

b) The other compounds were found to be inactive toward the microorganisms used in the study.

Table 5. Tuberculostatic effect of the compounds against
M. tuberculosis H37 Rv.

Compounds | MIC (ug/ml) | Compounds | MIC (ug/ml)
111 250 XIII 500<
v 500 XVI 500<
VI 500< XVII 500
IX 500< XIX 250
XXIIT 250

Overnight cultures of microorganisms were adjus-
ted to approx. 5 x 10° ¢.f.u. / ml according to the
Mc Farland turbidity standards No. 0.5 (16) and
spread over the appropiate media (Mueller — Hin-

ton agar for bacteria; Sabouraud dextrose agar for
the yeast) in petri dishes. Filter paper discs (g
5 mm) impregnated with the solutions (each disc
containing 750 pg of compound) were placed on
the air dried surface of the media inoculated with
the respective organisms. Discs containing dilu-
ted alcohol were used as control. After overnight
incubation at 37°C, the zones of inhibition
around the discs were measured. The compounds
that produced 20 < mm zones of inhibition were
further tested in respective broth media by using
double dilution and the MIC (Minimal Inhibitory
Concentration) values (Lg/ml) were determined
(17). The MIC was defined as the lowest com-
pound concentration for which no visible growth
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was observed after overnight incubation. The
same test was carried out with 1:10 diluted
alcohol as control. The tests were carried out in
triplicate.

Determination of in vitro tubeculostatic activity

Microdilution susceptibility testing was per-
fomed in clear 96—well polystyrene microdilution
plates (18,19). The compounds were dissolved in
alcohol and drug solutions (50 pl) were dispensed
into the plates containing Middlebrook 7H9 broth
with 0.05 % Tween 80. Two—fold dilutions were
made for each compound. The inoculum was prepa-
red by subculturing from the 3-week culture of
Mycobacterium tuberculosis H 37 Rv strain on
Lowenstein—Jensen medivm into Middlebrook 7H9
broth for 10 days. The culture suspension of the
organism was then adjusted to the optical density of
a 0.5 Mc Farland turbidity standard and then diluted
in fresh broth to yield approximately 10° bacili per
50 pl. Inoculum was dispensed, 50 pl into each well,
and the plates were sealed in plastic bags and
incubated at 37°C in a humid atmosphere for 21
days. Control wells for alcohol plus inoculum and
inoculum without compounds were included. The
MIC was defined as the lowest compound concent-
ration for which no visible growth was observed
after 21 days. The tests were carried out in triplicate.

Results of the microbiological test results are
shown in Tables 4 and 5.

| Xvili

H XIX

Scheme 2.

RESULTS AND DISCUSSION

In general, the reactions of 3—amino-1,2,4—
triazole with dicarboxylic acid anhydrides resulted
in the formation of imide type compounds, 4s seen
from Scheme 1. The isolution of compounds XII
and XVI reveals that these reactions of 3—ami-
no-1,2,4~triazol [I] generally proceed via the for-
mation of intermediate carboxylic acid derivatives
similar to XII or XVI. However, these type
intermediates could not be isolated from the other
anhydrides under relatively lower temperatures.
This situation can be attributed to the nearness of
the formation and cyclization temperatures of the
predicted intermediates in these reactions.

The reaction of I with succinic anhydride led
to the formation of the unexpexted compound XIX
instead of XXV. The probable mechanism of this
reaction also involves a carboxylic acid derivative
XXIV as intermediate (Scheme 2).

The formation of a Schiff base from the
reaction of I with 24-pentandione in boiling
ethanol has recently been reported (7). However,
this reaction resulted in the formation of 4,6—dim-
ethyl-1,2 4—triazolo[1,5-a]pyrimidine [XXI] at
elevated temperatures. The assignment of the struc-
ture [XXI] to the fused compound is based mainly
on the spectral data and on an assumption that the
1,2,4-triazolo[4,3—a]pyrimidine system is thermo-
dynamically more stable than the isomeric

Q
HO
HN
N‘(
\ e}
7N
N/
H
XXV

N
H XXV
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1,2,4-triazolo[4,3—-a} pyrimidine system (6, 9, 20).

Microbiological results of the compounds
screened in the study are presented in Tables 4 and
5. As seen from Table 4, a slight activity was
detected against some bacteria with compounds V,
XVI and XXIII. Compound XI showed good
activity with MIC value of 15.6 against the yeast
Candida albicans. All the compounds showed
slight tuberculostatic activity against the test strain.
Alcohol showed no inhibitory effect on the micro-
orgranisms.
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