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The 3,4-N,N-aminomethylated derivatives of 1,3,4-thiadiazole have been obtained
as a result of interaction between 2,5-dimercapto-1,3,4-thiadiazole and benzotria-

zole, 2-mercaptobenzothiazole, 2-mercaptobenzoxazole, phthalimide, benzoic sul-
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phimide and N-aminorhodanine under the Mannich reaction conditions. The 3,4-
di(methylenoxo)-substituted derivatives of 1,3,4-thiadiazole are thermally resistant.
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INTRODUCTION

When continuing our investigations in the field of
the synthesis of new heterocycles on the basis of
2,5-dimercapto-1,3,4-thiadiazole [1-4] with the aim
to investigate them as brighteners-levellers in elec-
trolytes of copper plating and to study their anti-
cancer activity, in the present work we have synthe-
sized 3,4-N,N-disubstituted derivatives of 1,3,4-thia-
diazole to investigate them as inhibitors of steel cor-
rosion and to study their antimicrobial properties.

METHODS, RESULTS AND DISCUSSION

Two methods were used to synthesize 3,4-di(chloro-
methylene)-1,3,4-thiadiazole-2,5-dithion (III): starting
from 3,4-di(hydroxymethylene)-1,3,4-thiadiazole-2,5-
dithion (II) and sulfinyl chloride with the yield of
86%, as well as during interaction of 2,5-dimercap-
to-1,3,4-thiadiazole (I) with formaldehyde and conc.
hydrochloric acid with the yield of 65%. Derivative
III interacts with butyl or benzyl alcohols when
heated for 5 h at a temperature of 80 °C and forms
corresponding 3,4-di(methylenoxo)-substituted deri-
vatives of 1,3,4-thiadiazole IV, V. The yield amoun-
ted to 67-78%.

Derivatives IV, V are thermally resistant, i.e. ca-
pable of retaining a constant chemical constitution
at a temperature rise. This determines the strength
of chemical bonds in them. The maximum tempera-
ture at which a substance does not change chemi-
cally characterizes quantitatively its thermal resistan-
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ce. In our case, compounds IV, V are melted with
decomposition just at a temperature of 235 °C and
258 °C, respectively.

In work [4] we have investigated the Mannich
reaction of 2,5-dimercapto-1,3,4-thiadiazole with di-
ethylamine, morpholine, piperidine, carbamide, thio-
carbamide, semicarbazide and thiosemicarbazide. In-
teresting data have been obtained there, because
N,S-aminomethylated thiadiazoles have been deve-
loped in the first three cases and N,N-aminomethy-
lated thiadiazoles have been formed in the latter
four cases. This was determined with the help of IR
and 'H NMR spectra.

Therefore, it was of interest to carry out the
Mannich reaction in 2,5-dimercapto-1,3,4-thiadiazole
and with other aromatic and heterocyclic compounds
which had a labile hydrogen atom, and to clear up
the structure of the Mannich bases developed. For
this purpose, benzotriazole, 2-mercaptobenzothiazo-
le, 2-mercaptobenzoxazole, phthalimide, benzoic sul-
phimide and N-aminorhodanine have been chosen.
It has been found with the aid of IR spectra that
3,4-N,N-aminomethylated derivatives of 1,3,4-thiadia-
zole VI-XI have been obtained in absolutely all
cases with a yield of 40-91% (Scheme).

Strong absorption lines have been detected in
IR spectra of compounds II-XI within the range of
1210-1200 cm™, which correspond to valency oscil-
lation (v) of C=S groups, and strong absorption li-
nes within the range of 1490-1470 cm™ which cor-
respond to v groups -N-C=S [5].
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The absence of intense absorption lines within
the range of 3067-2860 cm™ is indicative of the
disappearence of NH groups and of the formation
of 3,4-N,N-disubstituted derivatives of 1,3,4-thiadia-
zole.

EXPERIMENTAL

The reactions were controlled by TLC method and
performed on a Silufol UV-254 silica gel plates.
Spots were visualized with a UV hand lamp or io-
dine vapour. The melting points were determined in
open capillaries and were uncorrected. The IR spec-
tra were taken with a Specord IR-75 in KBr disks.
The data on the synthesized compounds I1-XI
are summarized in Table.
3,4-Di(hydroxymethylene)-1,3,4-thiadiazole-2,5-dit-
hione (II). 2,5-Dimercapto-1,3,4-thiadiazole (I) (3.8
g, 0.025 mol), conc. hydrochloric acid (1 ml), met-
hyl alcohol (20 ml) and 28% formaldehyde (10 ml)
were boiled up, methanol was distilled, the mixture
was filtered, distilled water (25 ml) was added, the
formed crystals of II were filtered off and washed
with methanol and ether.
3,4-Di(chloromethylene)-1,3,4-thiadiazole-2,5-dit-
hione (III). Method A. Derivative II (2.1 g, 0.01
mol) was dissolved in chloroform (20 ml), and sul-
finyl chloride (2.4 g, 0.02 mol) was added dropwise
to the solution so that the temperature should not
exceed 40 °C; then the mixture was mixed for 2 h
at 45 °C. Chloroform was distilled, the deposited

Table. Constants and elemental analysis data on the synthesized compounds II-XI

Compound Yield, % M.p., °C Molecular Found/Calculated, % Method
formula C H N

| 85 111-112 C,HN,0,8, 275 278 1316
22.85 2.87 13.32

111 86.2 205(dec.) CH,CLN,S, 19.68 1.76 1144 A
19.44 1.63 11.33

111 64.8 206 (dec.) CH,CLN,S, 1952 1.58 1151 B
19.44 1.63 11.33

v 78.3 235 (dec)  C,H,N,0,8, 4449 6.62 891
44.69 6.88 8.69

v 67.4 258 (dec.) C,eH,:N,O,S, 55.49 442 .35
55.35 4.64 7.17

VI 39.6 136-137 C,.H,N,S, 4632 315 27.04
46.59 2.93 27.16

VII 62.9 109-110 CHN,S, 4223 251 11.29
42.49 2.38 11.01

VIII 66.7 103-104 C,sH,,N,0,S. 45.18 2.42 11.63
45.36 2.54 11.75

X 56.6 212-213 C,oH,,N,0,8, 5117 234 11.88
51.27 2.58 11.96

X 593 117-119 CH,N,0,S, 4013 238 10.24
39.99 2.24 10.36

X1 91.2 130 (dec)  C,H,N,O,S, 25.62 232 17.67
25.52 2.14 17.85
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crystals of product III were filtered off and recrys-
tallized from benzene.

Method B. Derivative I (3.8 g, 0.025 mol), for-
maldehyde of 36% (4 g, 0.05 mol) and conc. hyd-
rochloric acid (1.8 g) were heated for 15 min at 40
°C, filtered and left lover night. The formed crystals
of III were filtered off and recrystallized from ben-
zene.

3,4-Di(butyloxomethylene)-1,3,4-thiadiazole-2,5-dit-
hione (IV). Derivative III (2.5 g, 0.01 mol) and bu-
tyl alcohol (16.2 g, 4.6 mol) were heated for 5 h at
80 °C, the mixture was filtered, butyl alcohol was
distilled, the formed crystals of IV were filtered off
and washed with acetone and ether.

3,4-Di(benzyloxomethylene)-1,3,4-thiadiazole-2,5-
dithione (V). Derivative III (2.5 g, 0.01 mol) and
benzyl alcohol (5.4 g, 0.05 mol) were heated for 5
h at 80 °C, the mixture was filtered, benzyl alcohol
was distilled, the formed crystals of V were filtered
off and washed with acetone and ether.

3,4-Di(benzotriazolilmethylene)-1,3,4-thiadiazole-
2,5-dithione (VI). 2,5-Dimercapto-1,3,4-thiadiazole (I)
(1.8 g, 0.0125 mol), formaldehyde of 28% (5 ml,
0.025 mol), benzotiazole (3.0 g, 0.025 mol), cuprous
chloride (0.2 g) and 1,4-dioxane (50 ml) were boi-
led for 5 h, the mixture was filtered, 1,4-dioxane
was distilled, the formed crystals of VI were filtered
off and washed with ethanol.

3,4-Di(2-thiobenzothiazolil-3/-methylene)-1,3,4-
thiadiazole-2,5-dithione (VII). Derivative 1 (1.8 g,
0.0125 mol), formaldehyde of 28% (5 ml, 0.025 mol),
2-mercaptobenzothiazole (4.2 g, 0.025 mol), cuprous
chloride (0.2 g) and 1,4-dioxane (100 ml) were boi-
led for 4 h, the mixture was filtered, 1,4-dioxane
was distilled, the formed crystals of VII were filter-
ed off and washed with ethanol.

3,4-Di(2-thiobenzoxazolil-3'-methylene)-1,3,4-thia-
diazole-2,5-dithione (VIII).

2,5-Dimercapto-1,3,4-thiadiazole (I) (1.8 g,

0.0125 mol), formaldehyde of 28% (5 ml, 0.025 mol),
2-mercaptobenzoxazole (3.7 g, 0.025 mol), cuprous
chloride (0.2 g) and 1,4-dioxane (100 ml) were boi-
led for 4 h, the mixture was filtered, 1,4-dioxane
was distilled, the formed crystals of VIII were fil-
tered off and washed with ether.

3,4-Di(phthalimidilmethylene)-1,3,4-thiadiazole-
2,5-dithione (IX). Derivative I (3.7 g, 0.025 mol),
formaldehyde of 28% (10 ml, 0.05 mol), phthalimi-
de (7.4 g, 0.05 mol), cuprous chloride (0.2 g) and
1,4-dioxane (100 ml) were boiled for 5 h, the mix-
ture was filtered, 1,4-dioxane was distilled, the form-
ed crystals of IX were filtered off and washed with
ethanol.

3,4-Di(benzoic sulphimidilmethylene)-1,3,4-thia-
diazole-2,5-dithione (X). Derivative I (1.8 g, 0.0125
mol), formaldehyde of 28% (5 ml, 0.025 mol), ben-
zoic sulphimide (4.6 g, 0.025 mol), cuprous chloride
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(0.2 g) and 1,4-dioxane (100 ml) were boiled for 5
h, the mixture was filtered, 1,4-dioxane was distil-
led, the formed crystals of X were filtered off and
washed with acetone and ether.

3,4-Di(aminorhodaninilmethylene)-1,3,4-thiadiazo-
le-2,5-dithione (XI). Derivative I (1.8 g, 0.0125 mol),
formaldehyde of 28% (5 ml, 0.025 mol), N-aminor-
hodanine (3.7 g, 0.025 mol), cuprous chloride (0.2
g) and 1,4-dioxane (100 ml) were boiled for 5 h,
the mixture was filtered, 1,4-dioxane was distilled,
the formed crystals of XI were filtered off and wash-
ed with ethanol and ether.

CONCLUSIONS

1. 2,5-Dimercapto-1,3,4-thiadiazole interacts with
benzotriazole, 2-mercaptobenzothiazole, 2- mercap-
tobenzoxazole, phthalimide, benzoic sulphimide and
N-aminorhodanine into Mannich reaction and gives
3,4-N,N-aminomethylated derivatives of 1,3,4-thiadia-
zole.

2. 3,4-Di(methylenoxo)-substituted derivatives of
1,3,4-thiadiazole, thermally resistant, were synthesi-
zed during interaction of 3,4-di(chloromethylene)-
1,3,4-thiadiazole-2,5-dithion with butyl or benzyl al-
coholes.
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NAUJI HETEROCIKLAI 2,5-DIMERKAPTO-1,3,4-
TIADIAZOLO PAGRINDU

3. 3,4-N,N-DIPAVADUOTI 1,3,4-TIADIAZOLO
DARINIAI

Santrauka

Istirta 2,5-dimerkapto-1,3,4-tiadiazolo Manicho reakcija su
benzotriazolu, 2-merkaptobenztiazolu, 2-merkaptobenzok-
sazolu, ftalimidu, benzoilo sulfimidu bei N-aminorodani-
nu ir IR spektry pagalba nustatyta, kad visais atvejais
susidaro 3,4-N,N-aminometilinti 1,3,4-tiadiazolo dariniai.

3,4-Di(chlormetilen)-1,3,4-tiadiazol-2,5-ditionas buvo
gautas dviem biudais: 3,4-di(hidroksimetilen)-1,3,4-tiadia-
zol-2,5-ditiong veikiant sulfinilchloridu, taip pat 2,5-dimer-
kapto-1,3,4-tiadiazolui saveikaujant su formaldehidu ir
konc. druskos riigstimi.
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3,4-Di(chlormetilen)-1,3,4-tiadiazol-2,5-ditionui reaguo-
jant su butilo arba benzilo alkoholiais susidaré 3,4-di(me-
tilenokso)-pavaduoti 1,3,4-tiadiazolo dariniai, kurie pasi-
Zymi termostabilumu.

C. Bamonene, A. Pyrapuyioc

HOBBIE 'ETEPOIIUKJIBI HA OCHOBE 2,5-
JUMEPKAIITO-1,3,4-THAJTHA30JIA
3. 3,4-N,N-IU3AMEIIEHHBIE 1,3,4-THUAJAA30JIbI

Peswowme

UccnenoBana peakuuss Mannuxa 2,5-nmumepkanto-1,3,4-
THaIMa3ona ¢ OEH30TPUA30JIOM, 2-MepKanToOeH30THA30JI0M,

2-MepKanToOeH30Kca30I0M, (pranumuaoM, OeH30UICYIb(U-
MHJOM, a Takxke ¢ N-amuHOpomaHuHoM u ¢ momouu MK
CIIEKTPOB YCTAHOBJIEHO, YTO BO BCEX CIy4asx 0Opasyrorcs
3,4-N,N-aMHUHOMETHJIMPOBaHHbIE MpPOU3BOAHbIE 1,3,4-
THaMa30a.
3,4-Tu(xnopmeruinen)-1,3,4-ruanuaszon-2,5-MMTHOH ObUI
MOJy4YeH ABYMs criocobamu: ucxons u3 3,4-nu(rugpokcume-
THieH)-1,3,4-Tuaguas3on-2,5-AMTHoHa U CyIb(QUHIIXIOPHIA,
a TaKXe IpH B3aUMOJEHCTBUU 2,5-mumepkanto-1,3,4-
THaMa3ona ¢ (JOPMaNJETHIOM M KOHII. COJSIHOW KHCIIOTOM.
3,4-Tu(xnopmeruinen)-1,3,4-tuanuaszon-2,5-MUTHOH TpU
B3aUMOJECHUCTBUU C OyTHJIOBBIM WIIM OCH3WJIOBBIM CIHPTaMH
obpazyer 3,4-1u(METUICHOKCO)-3aMeIleHHbIE ITPOM3BOIHBIE
1,3,4-Tnagnazona, KOTOpbIE MPOSBISIOT TEPMOCTOHKOCTb.
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