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ABSTRACT

Potentially bioactive 2,5-bis derivatives of 1,3,4-thiadiazole with alkaloid moieties were synthesized
byreaction of 1,3,4-thiadiazol-2,5-dithiol with N-acryloyl-substituted derivatives of the alkaloids
anabasine,cytisine, and D-pseudoephedrine.1,3,4-Thiadiazole-2,5-disulfonic acid was synthesized by
oxidation of 2,5-dimercapto-1,3,4-thiadiazole,and onium salts of this acid were prepared by its
reactions with selected alkaloids and secondaryamines.

KEYWORDS
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2,5-disulfonic acid

INTRODUCTION

One of the main tasks of organic chemistry is pharmaceuticals and chemistry.1,3,4-
the synthesis and production of substances thiadiazole is a common heterocyclic
with new therapeutic properties. Today, compound containing two nitrogen and sulfur
chemists are interested in heterocyclic atoms. There are several isomers of 1,3,4-
compounds and their applications in thiadiazole, including 1,2,3-thiadiazole, 1,2,4-
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Busch and his coworkers .The advent of sulfur
drugs and the later discovery of mesoionic
compounds greatly accelerated the rate of
progress in this field[2].

thiadiazole, 1,2,5-thiadiazole, 1,3,4-thiadiazole
[1]. Scheme 1

1,3,4-Thiadiazole was first described in
1882 by Fischer and further developed by
Scheme 1.Isomers of thiadiazole.

T U U QO

1,2,3 thiadiazole 1,2,4 thiadiazole 1,2,5 thiadiazole 1,3,4 thiadiazole

Thiadiazole is found in the live form of ditiolvadition tautome in the literature preserved in gold
gugut. In fact, the first of the three tautomeric structures recorded in the literature is the most

common.
Scheme2. Three tautomer shapes
N—N N—N HN——NH
-dithiol from 5-mercapto-1,3,4-thiadiazole- -dithione from

2(3H)-thione

1,3,4-thiadiazole derivatives are widely used in
medicine, pharmaceuticals and agriculture [1].
New derivatives of 1,3,4-thiadiazole are
gaining popularity because they are widely
used in various directions [4]. They are used
against fungi [5-8], antibacterial [9-12], anti-
inflammatory [13-15], analgesic [16-17], anti-
leishmaniasis [18-19], anti-cancer [20-22], anti-
oxidant [23-26], molluscicidal [27 -28],
antidiabetic [29], central nervous system
(CNS) depressant [30], anticonvulsant [31-32],
anti-tuberculosis [33-34], anti-depressant [35],
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antitumor [36] and others, therefore, this
study is important in the synthesis of new
derivatives of 2,5-dimersapto-1,3,4-thiadiazole.

1,3,4-thiadiazole  derivatives have  high
potential in agrochemistry as herbicides,
fungicides, insecticides [37], pesticides,
bactericides and plant growth regulators [1].
Drugs containing 1,3,4-thiadiazole nuclei, such
as metazolamide, megazol, acetazolamide,
and cefazolins, are known [38,39]
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Experimental

The course of reactions and purity of 2-4were
monitored using TLC on Silufol UV-254
standard plates with elutionby propan-2-
ol:NH40H:H20 (7:2:1) and detection by iodine
vapor. Elemental analyses of all compounds
agreed with thosecalculated. Melting points
were determined on a Boetius apparatus. IR
spectra in KBr disks were recorded on an
Avatar-320spectrometer; PMR spectra in
DMSO-d6, on a Bruker AC-300 spectrometer
at operating frequency 300 MHz relative to
TMS internal standard (compound 2,3,4).

The IR spectra of the compounds were
recorded onan Avatar-320 spectrometer in
KBr pellets and mullsin mineral oil, and the 1H
and 13C NMR spectra, ona Mercury-300
spectrometer with a working frequencyof 300
MHz, solvent DMSO-d6.(compounds-12).

The USA Journals Volume 02 Issue 09-2020

Synthesis of 2,5-dimercapto-1,3,4-thiadiazole
(1) [40]:

A mixture of (99%) hydrazine hydrate (5 mL,
0.02 mol) and carbon disulfide (15 mL, 0.02
mol) with drypyridine (50 mL) was refluxed
for (5 h). Then the excess solvent was then
distilled off, and the resulting solid was
separated out by adding (25 mL) of water and
(5 mL) of hydrochloric acid. The mixture was
then filteredand the solid was recrystalized
from ethanol.

2,5-Bis(1-(anabasin-1-yl)propan-1-on-3-thio)-
1,3,4-thiadiazole (2)[41].

A solution of anabasine (1.62 g, 0.01 mol)
inbenzene was cooled, stirred vigorously in
the presence of triethylamine (1.01 g, 0.01
mol), treated dropwise with
acryloylchloride(0.91 g, 0.01 mol) over an
hour, and stirred at room temperature for 2 h.
The resulting precipitate of
triethylammoniumhydrochloride was filtered
off. The filtrate was cooled, stirred, treated
dropwise with a solution of 1,3,4-thiadiazol-
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2,5-dithiol (0.75 g, 0.005 mol) in anhydrous
EtOH over an hour, and stirred at room
temperature for 2 h. The resulting
precipitatewas filtered off to afford a white
powdery compound (1.3 g, 44%), mp 89-90°C
(EtOH), Rfo.82, C28H34N602S3.
PMRspectrum (300 MHz, DMSO-d6, &, ppm,
J/Hz): 1.81 (4H, m, H-9,9"), 2.08 (4H, m, H-8,8"),
2.50 (4H, m, H-10,10"), 2.81(4H, t, J14,15 = 6.0,
H-14,14"), 3.27 (2H, m, H-7,7), 3.32 (4H, t, J15,14
= 6.0, H-15,15"), 3.71 (4H, m, H-11,11"), 7.15 (2H,
q,H-3,3"), 7.58 (2H, q, H-4,4"), 8.31 (2H, d, H-
6,6"), 8.50 (2H, d, H-2,2").

2,5-Bis(1-(cytisin-1-yl)propan-1-on-3-thio)-1,3,4-
thiadiazole (3) [41].

Was synthesized analogously to 1 from
cytosine (1.9 g, 0.01 mol) to afford a white
powdery compound (2.4g, 75%),mp 121-122°C
(EtOH), Rfo.53, C30H34N604S3.
PMRspectrum (300 MHz, DMSO-d6, &, ppm,
J/Hz): 1.92 (4H, m, H-8,8"), 2.81 (4H, t, J14,15 =
6.0, H-14,14"), 2.90 (4H, m,H-11,11"), 2.98 (2H, m,
H-9,9", 3.10 (2H, m, H-7,7"), 3.30 (4H, t, J15,14 =
6.0, H-15,15"), 3.36 (4H, m, H-13,13"), 3.80 (2H,
m,Hax-10,10"), 4.36 (2H, m, Heg-10,10"), 5.98
(2H, dd, H-5,5"), 6.33 (2H, dd, H-3,3"), 7.23 (2H,
dd, H-4,4").

2,5-Bis(1-(D-pseudoephedrin-1-yl)propan-1-on-
3-thio)-1,3,4-thiadiazole (4) [41].

Was synthesized analogously to 1from D-
pseudoephedrine (1.65 g, 0.01 mol) to afford
an oily compound that was purified by column
chromatography over silica gel with elution by
benzene:EtOH (2:1), Rf 0.78, C28H36N404S3.
PMR spectrum (300 MHz, DMSO-d6, &, ppm,
J/Hz):0.98 (6H, d, 2CH-CH3), 2.48 (2H, m, 2CH-
N), 2.65 (6H, s, 2N-CH3), 2.80 (4H, t, J14,15=
6.0, H-14,14"), 3.40 (4H, t,
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J15,14= 6.0, H-15,15"), 4.68 (2H, d, CH-OH), 5.35
(2H, s, 20H), 6.28, 7.34 (10H, m, 2ArH).

Synthesis of 1,3,4-Thiadiazole-2,5-disulfonic
acid(s) [42];

A 2.5% aqueous solution of 6.32 g (0.04 mol) of
KMnO4 was added dropwise with stirring at
room temperature over a period of 3 h to an
aqueous solution of 1.5 g (0.01 mol) of 2,5-
dimercapto-1,3,4-thiadiazole. The mixture was
heated with stirring on a water bath until its
complete decolorization. The precipitate of
manganese dioxide was filtered off, the
filtrate was evaporated, and the dry residue
was washed with alcohol. 1,3,4-Thiadiazole-2,5-
disulfonic acid 4was recrystallized from
ethanol-water, 10 : 1.

Synthesis of alkaloid- and amine-containing
salts of 1,3,4-thiadiazole-2,5-disulfonic acid, (6-

12) [42].

An aqueous solution of 0.02 mol of
appropriate secondary amine or alkaloid was
added dropwise with stirring over a period of 1
h to an aqueous solution of 2.46 g (0.01 mol)
of 1,3,4-thiadiazole-2,5-disulfonic acid 6. The
mixture was stirred at room temperature for
12 h and left in a vacuum desiccator to remove
the solvent. The solid residue was washed
with alcohol, filtered off, and recrystallized
from ethanol-water, 10 : 1.
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Table 1: Elemental analysis and physical properties of prepared compounds5-12[42].
Ne Formula %Yield m.p(C) Elemental analysis calc. (found)
%C %H %N
5 | C,H,N,065; 98.0 >350 9.67 (9.76) 0.90(0.81) 11.30(11.38)
6 | CiH2N,OgSs 76.9 >350 34.7(34.62) 5.72(5.77) 13.35(13.46)
7 | CioH2oN40sS; 66.9 >350 28.5(28.57) 4.64(4.76) 13.25(13.33)
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8 CoH300653 42.8 >350 46.39(46.32) 5.20(5.26) 14.84(14.74)
9 | CpH3oN,06S; 52.6 >350 50.81(50.88) 5.38(5.30) 9.81(9.89)
10 | CpqH3oNgOgS; 70.0 >350 46.00(46.01) 4.70(4.79) 13.51(13.42)
11 | CyH3N40sS;s 50.1 >350 45.89(45.83) 5.50(5.56) 9.82(9.72)
12 | CyH3N40sS;s 56.1 >350 45.77(45.83) 5.44(5.56) 9.70(9.72)

The yields of final products 2—-4 were 36-75%
and depended not so much on the electron-
donating properties of thealkaloid moiety in
the amide as on the conformational rigidity of
the rings in the starting alkaloids that
prevented the B-C atomof the double bond
from being shielded. Compound 3 was
obtained in the highest yield. This was
explained by the conformationalrigidity of the
cytisine  rings  compared  with  the
conformational flexibility of anabasine and D-
pseudoephedrine.  Products 2-4  were
powdery and oily compounds that were
soluble in EtOH and CHCI3 with heating. Their
structuresand compositions were proved
using IR and PMR spectroscopy and elemental
analysis.IR  spectra of 2-4 contained
absorption bands at 780-730 c¢cm-1 (C-SH),
1060-1040, 1160-1120, 1270-1250 (S—C-S,N=C—
S, N-N), and 1460-1390 (N=C) that were
identified as absorption bands of the
thiadaizole ring [43, 44]. Other
functionalgroups of 2-4 appeared in
characteristic regions of the spectrum at
1695-1624 (C=0), 1480-1440 (—CH2-), and
705-680(C-S-) [45].

The structure and composition of 5-
12wereconfirmed by IR, 1H NMR, and 13C NMR
spectroscopy,and also by  elemental
analysis.The IR spectra of all the onium salts
synthesizedcontain characteristic absorption
bands of the thiadiazolering at 680, 730, 1400,
and 1500 cm-1,bands in the range 656-649 cm-
1 assigned to -SO3-vibrations, and absorption

The USA Journals Volume 02 Issue 09-2020

bands at 3501-3421 cm-icharacteristic of
secondary ammonium salts [45].

In the 1H NMR spectra of 6-12, recorded
inDMSO-d6, protons of the ammonium group
appearas an ill-resolved multiplet centered at
14.6 ppm.The chemical shifts of signals from
protons of alkaloidand secondary amine
fragments have typicalvalues[46].

In the 13C NMR spectrum of 1,3,4-thiadiazole-
2,5-disulfonic acid 5, the heterocyclic carbon
atom appearsas a singlet at 168.0 ppm. In the
13C NMR spectrumof piperidinium salt of 1,3,4-
thiadiazole-2,5-disulfonicacid 6, the
heterocyclic carbon atom appears asa singlet
at 158.4 ppm, and carbon atoms of the
piperidinefragment give signals at 23.1, 25.5,
26.0, 42.5,and 45.5 ppm[47].

2.5-dimercapto-1,3,4-thiadiazole derivatives
were  synthesized. Oxidation of 2,5
dimercapto-1,3,4-thiadiazolewith an aqueous
solution of KMnO4 yielded 1,3,4-thiadiazole-
2,5-disulfonic acid. Its reactions with
selectedalkaloids and cyclic secondary amines
gavethe corresponding salts.
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