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ABSTRACT
A new series of 2-(4,6-disubstituted-2-thiomethyl pyrimidyl)-1,3,4-
oxadiazole-5-thiones (5a-c) were synthesized. These oxadiazoles can ex-
ist both in the thiol as well as in the thione tautomeric form. However
when these compounds were subjected to Mannich reaction, N-Mannich
bases (6a-r) were obtained rather than the S-Mannich bases. The struc-
tures of  the new compounds were confirmed by spectral and analytical
data. Few of  these Mannich bases were evaluated for their possible
antifungal and antibacterial activity. Most of  the tested compounds showed
significant antifungal and antibacterial activity comparable with that of
the standard drug.               2006 Trade Science Inc. -INDIA

Web Publication Date : 28th December, 2006

INTRODUCTION

The chemistry of pyrimidine and its derivatives
has been studied for over a century due to their di-
verse biological activities[1,2]. They possess antibac-
terial, antiviral, antitumor, anti-inflammatory activi-
ties[3,4]. After the discovery by Mannich, Mannich
bases have become important tools for the synthesis
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of variety of heterocyclic compounds and their de-
rivatives have many attractive applications. How-
ever the most important applications are in the field
of  pharmaceutical products, studies on anti-neoplas-
tic drugs, analgesic drugs, and antibiotic drugs etc.[5,6].

Prompted by the above observations and in con-
tinuation of our studies on pyrimidine heterocycles[7],
we synthesized a new series of 2-(4,6-disubstituted-
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2-thiomethyl pyrimidyl)-1,3,4-oxadiazole-5-thiones
(5a-c) and subjected for Mannich reaction. The
oxadiazole thiones (5a-c) can exist both in the thiol
as well as in the thione tautomeric form. However
the Mannich reaction of these compounds resulted
in the formation of  N-Mannich bases (6a-r) rather
than the S-Mannich bases, there by indicating that
the reaction is highly regiospecific. Some of the se-
lected Mannich bases from this series were subjected
to antibacterial and antifungal activity studies.
Among the tested compounds many of them showed
significant antibacterial and antifungal activity com-
parable with that of  the standard drugs.

The synthetic route followed for obtaining the
title compound is outlined in SCHEME 1. Thus 4,6-
disubstituted-prymidine-2-thiol (1) on reaction with
chloro acetic acid in aqueous sodium hydroxide fol-
lowed by neutralization with hydrochloric acid gave
the 4,6-disubstituted-pyrimidine-2-thioacetic acid
(2). 4,6-disubstituted-pyrimidine-2-thioacetic acid
(2) on esterification with ethyl alcohol gave 4,6-dis-
ubstituted-pyrimidine-2-thio ethyl acetate (3). Re-
action of (3) with hydrazine hydrate in ethanol me-
dium gave 4,6-disubstituted-prymidine-2-thio

acethydrazide (4). The hydrazide (4) when reacted
with carbon disulfide in alcoholic potassium hydrox-
ide gave 5-(4,6-disubstituted-2-thiomethyl pyrimidyl)-
1,3,4-oxadiazole-2-thione (5a-c). Reaction of (5)
with formaldehyde and appropriate secondary amine
in ethanol media gave N-Mannich base (6a-r) rather
than the S-Mannich bases. 4,6-Disubstituted pyrimi-
dine-2-thiol (1) was prepared as per the procedure
reported in literature[8].

RESULTS AND DISCUSSION

The structure of  the newly synthesized 2-(4,6-
disubstituted-2-thiomethyl pyrimidyl)-1,3,4-oxadiazole-
5-thione (5a-c) and 3-substituted aminomethyl-5-
(4,6-dimethyl-2-thiomethyl-pyrimidyl)-1,3,4-
oxadiazole-2-thiones (6a-r) were established on the
basis of spectral and analytical data. The C, H, N
analysis of these compounds were in agreement with
the calculated values within the limits of experimen-
tal error. In the IR spectra of  oxadiazoles the C-H
stretching and C=N absorption bands were observed
in the region of ≈2900cm-1 and 1588-1619cm-1 re-
spectively. In a typical example the 1H-NMR spec-
trum of  (5b) the methyl protons attached at the 4th

position of the pyrimidyl moiety appeared as a sin-
glet at δ, 2.45 integrating for three protons. The S-
CH2 protons appeared as singlet at δ, 4.4. The pyri-
midyl 5-H & 6-H protons appeared as two doublets
centered at δ, 6.9 and 8.4 each integrating for one
proton. The signal due to the NH proton appeared
as a broad singlet at δ, 13.4 which is probably due to
the thione-thiol tautomerism and gets disappeared
on exchange with D2O. Further the mass spectrum
of this compound showed the molecular ion peak at
m/z, 241(M++1 peak) consistent with the molecu-
lar formulae C8H8N4S2O. Similarly in the 1H-NMR
spectrum of(5c) the signals appeared are assigned as
follows; δ, 2.4(s, 6H, 2XCH3), 4.4(s, 2H, S-CH2),
6.8(d, 1H, pyrimidine-5H) and 13.6(br, 1H, NH).
Mass:m/z, 255(M++1) consistent with the molecu-
lar formulae C9H10N4S2O.

When these oxadiazoles were treated with ap-
propriate amine in the presence of  formaldehyde in
ethanol medium the Mannich reaction occured at the
nitrogen rather than the sulphur. Formation of  N-
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Mannich bases were confirmed by recording the
1HNMR spectra of  these compounds. In a typical
example the proton NMR spectrum of  Mannich
base(6m), the 4.6-dimethyl protons of the pyrimidyl
group appeared as a singlet at δ, 2.27 integrating for
six protons. The signal due to piperazine protons ap-
peared as multiplet in the region of δ, 2.4-2.6 inte-
grating for 8 protons. The S-CH2 protons came into
resonance as a singlet at δ, 4.49 integrating for two
protons. The N-CH2-N protons appeared at δ, 4.85
integrating for two protons. Pyrimidyl-5H appeared
as a singlet at δ, 7.0 integrating for one proton. The
NH proton appeared at δ, 3.3. The mass spectrum
of this compound showed the molecular ion peak at
m/z, 352 consistent with the molecular formulae
C14H20N6S2O. The base peak was observed at m/z,
254 due to the formation of  parent oxadiazole in-
volving the loss of piperazino methyl radical from
the molecular cation. Similarly the 1H-NMR and mass
spectral data for few other representative compounds
were given below.

(6n): 3-(N-Methyl piperazinomethyl)-5-(4,6-
dimethyl-2-thiomethyl-pyrimidyl)-1,3,4-
oxadiazole-2-thione

1HNMR(CDCl3):δ, 2.41(s, 6H, pyrimidine-2xCH3),
2.71(s, 3H, N-CH3), 3.4-3.6(m, 8H, pipera-
zinoprotons), 4.40(s, 2H, S-CH2), 4.90(s, 2H, N-CH2)
and 6.77(s, 1H, pyrimidine-5H). Mass:m/z, 366
(M++1) consistent with the molecular formulae
C15H22N6S2O, m/z, 254(Base peak) due to the loss
of N-methyl piperazino methyl radical.

N NH3C CH

(6o): 3-(Morpholinomethyl)-5-(4,6-dimethyl-2-
thiomethyl-pyrimidyl)-1,3,4-oxadiazole-2-thione:
1H-NMR(CDCl3)

 δ, 2.41(s, 6H, Pyrimidine-2xCH3), 2.72(t, 4H,
CH2-N-CH2), 3.65(t, 4H, CH2-O-CH2), 4.41(s, 2H,
S-CH2), 4.94(s, 2H, N-CH2) and 6.77(s, 1H, pyrimi-
dine-5H), Mass:m/z, 353(M++1) consistent with the
molecular formulae C14H19N5S2O2. The base peak at
m/z, 254 is due to the formation of  parent oxadiazole
cation by the loss of the morpholino methyl radical.

(6r): 3-(Imidazolinomethyl)-5-(4,6-dimethyl-2-
thiomethyl-pyrimidyl)-1,3,4-oxadiazole-2-thione:
1H-NMR(CDCl3)

δ, 2.43(s, 6H, Pyrimidine-2xCH3), 4.44(s, 2H, S-
CH2), 5.46(s, 2H, N-CH2) 6.79(s, 1H, pyrimidine-
5H), 7.12(d, 2H, imidazole -4H and -5H) and 7.75
(s, 1H, imidazole-2H). Mass:m/z, 335(M++1)
consistent with the molecular formulae C13H14N6S2O.
Base peak at m/z, 254 is due to the formation of
parent oxadiazole cation by the loss of the
imidazolomethyl radical from the parent ion.

EXPERIMENTAL

Melting points were determined in open capil-
lary tubes and are uncorrected. IR spectra(cm-1) were
recorded on a Perkin Elmer 577 spectrophotometer
in KBr pellets.1HNMR spectra were recorded on a
Perkin Elmer(Model RB-12) spectrometer using TMS
as an internal standard (chemical shifts are reported
in δ scale). Mass spectrum was recorded on LC/MS
(API 3000, Applied Biosystems) operating at 70eV.
C,H,N analysis was carried out on a Vairo-EL
(Elementa) model. Purity of the compounds was
checked by TLC on silica gel plates.

Preparation of substituted-pyrimidne-2-
thioacetic acid (2)

2-Chloro acetic acid(9.45g, 0.1mole) was taken
in a round bottom flask and 50ml water was added,
cooled and neutralized by adding a saturated solu-
tion of sodium carbonate. A solution of substituted-
pyrimidine-2-thiol(0.1mole) (1) and sodium
hydroxide(8g 0.2mole) in 50ml water was slowly
added to the above solution maintaining the tem-
perature of the reaction mixture at 15-200C. The
contents were further stirred at room temperature
for 3-4 hours.

The reaction was monitored by TLC. The con-
tents were cooled and acidified to pH 2-4 using hy-
drochloric acid. The resulting solid separated was
filtered, washed with water, dried and recrystallized
from ethanol.

Preparation of substituted-pyrimidine-2-thio
ethyl acetate (3)
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TABLE 1: Characterization data of  2-(4,6-disubstituted-2-thiomethyl pyrimidyl)-1,3,4-oxadiazole-5-thione (5a-
c) and 3-substituted aminomethyl-5-(4,6-disubstituted-2-thiomethyl-pyrimidyl) -1,3,4-oxadiazole-2-thiones(6a-r)

Analysis (%) 
Found (Calculated) Compound 

No. R R1 (R)2 Mol. Formulae 
( Mol. Wt) 

M.P °C 
(Yield %) 

Colour and 
crystal nature C H N 

5a H H - C7H6N4OS2 
(226) 

152-155 
(60) 

Pale yellow 
powder 

37.11 
(37.19) 

2.70 
(2.65) 

24.68 
(24.72) 

5b CH3 H - C8H8N4OS2 
(240) 

157-159 
(65) Yellow powder 40.05 

(40.00) 
3.29 

(3.33) 
23.28 

(23.33) 

5c CH3 CH3 - C9H10N4OS2 
(254) 

178-182 
(70) 

Pale yellow 
Crystals 

42.55 
(42.50) 

3.90 
(3.94) 

22.04 
(21.99) 

6a H H N NH
 

C12H16N6OS2 
(324) 147-149 (60) Off-white 

powder 
44.46 

(44.41) 
4.90 

(4.94) 
25.93 

(25.89) 

6b H H N N CH3
 

C13H18N6OS2 
(338) 

126-128 
(65) Yellow powder 46.10 

(46.15) 
5.28 

(5.32) 
24.80 

(24.85) 

6c H H N O
 

C12H15N5O2S2 
(325) 119-121 (71) White crystals 44.25 

(44.31) 
4.66 

(4.61) 
21.48 

(21.53) 

6d H H N
 

C13H17N5OS2 
(323) 116-118 (65) Yellow powder 48.25 

(48.29) 
5.21 

(5.26) 
21.60 

(21.67) 

6e H H N
 

C12H15N5OS2 
(309) 122-125 (68) Off-white crystals 46.56 

(46.60) 
4.80 

(4.85) 
22.61 

(22.65) 

6f H H 
N

N
 

C11H10N6OS2 
(306) 132-134 (71) Yellow crtstals 43.16 

(43.13) 
3.24 

(3.26) 
27.42 

(27.45) 

6g CH3 H N NH
 

C13H18N6OS2 
(338) 158-160 (68) Orange powder 46.09 

(46.15) 
5.29 

(5.32) 
24.89 

(24.85) 

6h CH3 H N N CH3
 

C14H20N6OS2 
(352) 

134-136 
(64) Yellow crtstals 45.60 

(45.65) 
5.30 

(5.35) 
22.82 

(22.85) 

6i CH3 H N O
 

C13H17N5O2S2 
(339) 

110-113 
(72) Off-white crystals 46.07 

(46.01) 
5.03 

(5.01) 
20.58 

(20.61) 

6j CH3 H N
 

C14H17N5OS2 
(335) 120-124 (63) Yellow crtstals 49.89 

(49.85) 
5.62 

(5.66) 
20.71 

(20.77) 

6k CH3 H N
 

C13H17N5OS2 
(323) 

126-129 
(62) Yellow crtstals 48.24 

(48.29) 
5.25 

(5.21) 
21.67 

(21.69) 

6l CH3 H 
NN

 

C12H12N6OS2 
(320) 135-137 (60) Orange powder 44.95 

(45.00) 
3.71 

(3.75) 
26.29 

(26.25) 

6m CH3 CH3 N NH
 

C14H20N6OS2 
(352) 158-161 (65) Off-white crystals 47.69 

(47.72) 
5.63 

(5.68) 
23.89 

(23.83) 

6n CH3 CH3 N N CH3
 

C15H22N6OS2 
(366) 100-102 (62) Yellow crtstals 49.15 

(49.18) 
6.04 

(6.01) 
22.90 

(22.96) 

6o CH3 CH3 N O
 

C14H19N5O2S2 
(353) 104-106 (64) Off-white crystals 47.54 

(47.59) 
5.40 

(5.38) 
19.80 

(19.84) 

6p CH3 CH3 N
 

C15H19N5OS2 
(349) 108-111 (66) Orange powder 51.26 

(51.31) 
5.97 

(5.99) 
19.96 

(19.93) 

6q CH3 CH3 N
 

C14H19N5OS2 
(337) 122-124 (65) Yellow crtstals 49.80 

(49.86) 
5.63 

(5.65) 
20.79 

(20.75) 

6r CH3 CH3 
NN

 

C13H14N6OS2 
(334) 143-146 (64) Yellow crtstals 46.69 

(46.73) 
4.17 

(4.19) 
25.17 

(25.13) 

Solvent for recrystallization : Ethanol
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A mixture of substituted pyrimidine-2-thioacetic
acid 2(0.1mole) was taken in 100ml absolute etha-
nol and 2.5ml of conc.sulphuric acid was added. The
reaction mixture was refluxed for 3hours. Cooled and
quenched to 250ml of  ice cold water. The pyrimi-
dine-2-thio ethyl acetate was extracted with ethyl
acetate, washed with saturated sodium bicarbonate
solution and dried over anhydrous sodium sulphate.
The organic layer was concentrated under reduced
pressure to give yellow oil. This is taken as such for
further reaction.
Preparation of substituted-pyrimidine-2-thio
acethydrazide (4)

A mixture of pyrimidine-2-thio ethyl acetate
(0.1mole) and hydrazine hydrate(5ml, 0.1mole) taken
in 100ml ethanol was heated on a water bath for 3
hours. Excess of  ethanol was removed by distillation
under vacuum. On cooling, white solids gets sepa-
rated, which was collected by filtration and recrystal-
lized from ethyl alcohol.
Preparation of 5-(4,6-disubstituted-2-thiomethyl
pyrimidyl)-1,3,4-oxadiazole-2-thione (5)

A mixture of substituted-pyrimidyl-2-thio-
acethydrazide 4(0.1mole), potassium hydroxide
(11.2g, 0.2mole) and ethanol (100ml) were taken in
a 500ml round bottom flask. Carbon disulphide
(15.2g, 0.2mole) was added slowly. After the com-
plete addition of carbon disulphide the contents were
refluxed on a water bath for 2 hours. Progress of  the
reaction was monitored by TLC. After completion

of reaction, excess ethanol was removed by distilla-
tion. The contents were poured to ice-cold water and
acidified with dilute hydrochloric acid. The solid
separated was collected by filtration, washed with
water, dried and recrystallized from ethanol. The
compounds prepared as per this procedure are listed
in TABLE 1.
General procedure for the synthesis of 3-substi-
tuted aminomethyl-5-(4,6-dimethyl-2-thiomethyl
pyrimidyl)-1,3,4-oxadiazole-2-thiones (6)

A solution of 5-(4,6-disubstituted-2-thiomethyl
pyrimidyl)-1,3,4-oxadiazole-2-thione 5(0.01mol) in
absolute ethanol(20ml) was treated with formalde-
hyde 40%(3ml). Later, the appropriate amine
(0.01mol) in ethanol(10ml) was added with stirring
and the reaction mixture was stirred overnight. The
precipitated Mannich base was collected by filtra-
tion and dried. Further purification was done by re-
crystallization from ethanol to give compounds(6a-
r). Characterization data of these compounds are
given in TABLE 1.

BIOLOGICAL ACTIVITY

Antibacterial studies
The newly synthesized compounds were screened

for their antibacterial activity against Escherichia coli,
Staphylococcus aureus, Pseudomonas aeruginosa and
klebesilla by serial dilution method[9,10]

. Serial dilutions
of  the drug in Muller-Hinton broth were taken in

TABLE 2: Antibacterial activity data of  some selected compounds (Zone of  inhibition in mm). #
Compound No Pseudomonas aeruginosa Escherichia coli Klebesilla Staphylococcus aureus 

6a 6.25(16-20) 6.25(16-20) 6.25(16-20) 6.25(16-20) 
6b 6.25(16-20) 6.25(16-20) 6.25(16-20) 6.25(16-20) 
6c 12.5 (11-15) 12.5 (11-15) 12.5 (11-15) 12.5 (11-15) 
6g 6.25(16-20) 6.25(16-20) 6.25(16-20) 6.25(16-20) 
6h 25(<10) 25(<10) 25(<10) 25(<10) 
6i 25(<10) 25(<10) 25(<10) 25(<10) 

6m 25(<10) 25(<10) 12.5 (11-15) 25(<10) 
6n 25(<10) 25(<10) 25(<10) 25(<10) 
6o 25(<10) 25(<10) 25(<10) 25(<10) 
6r 6.25(16-20) 12.5 (11-15) 12.5 (11-15) 12.5 (11-15) 

Std (Ciprofloxacin) 6.25(25-33) 6.25(30-40) 6.25(23-27) 6.25(22-30) 
# The MIC values were evaluated at concentration range 6.25-25 µµµµµg/ml. The figures in the table show the MIC values and the corresponding zone
of inhibition (in mm).
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tubes and their pH was adjusted to 5.0 using phos-
phate buffer. A standardized suspension of  the test
bacteria was inoculated and incubated for 16-18
hours at 370C. The minimum inhibitory concentra-
tion (MIC) was noted by seeing the lowest concen-
tration of  the drug at which there was no visible
growth. Solvent control was also kept. Ciprofloxacin
was used as the standard drug[11,12]. The results are
summarized in TABLE 2.

Antifungal studies
Newly prepared compounds were screened for

their antifungal activity against Aspergillus flavus, As-
pergillus fumigates, Candida albicans and Penicillium by
the serial dilution method[13,14]. Antifungal activity was
determined by measuring the diameter of  the zone
of inhibition. Activity of each compound was com-
pared with that of Ciclopiroxolamine as standard
drug. The antifungal activity results showed that the
newly prepared Mannich bases have moderate to good
activity against the above mentioned organisms and
the results are summarized in TABLE 3.
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TABLE 3: Antifungal activity data of  some selected compounds. (Zone of  inhibition in mm).#
MIC in µg/ml and zone of inhibition (in mm) Compound No 

Aspergillus flavus Aspergillus fumigatus Candida albicans penicililum 
6a 6.5(16-20) 6.5(16-20) 6.5(16-20) 6.5(16-20) 
6b       6.5(16-20) 6.5(16-20) 6.5(16-20) 6.5(16-20) 
6c 25(<10) 25(<10) 25(<10) 25(<10) 
6g 6.5(16-20) 6.5(16-20) 6.5(16-20) 6.5(16-20) 
6h 25(<10) 25(<10) 25(<10) 25(<10) 
6i 25(<10) 25(<10) 25(<10) 25(<10) 

6m 25(<10) 25(<10) 25(<10) 25(<10) 
6n 6.5(16-20) 25(<10) 25(<10) 25(<10) 
6o 6.5(16-20) 25(<10) 25(<10) 25(<10) 
6r 6.5(16-20) 6.5(16-20) 6.5(16-20) 6.5(16-20) 

Std (Ciclopiroxolamine) 6.25(25-30) 6.25(25-30) 6.25(27-33) 6.25(22-27) 

# The MIC values were evaluated at concentration range 6.25-25 µµµµµ g/ml. The figures in the table show the MIC values and the corresponding
zone of inhibition (in mm).
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