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Cyclization of 4-amino-6-methyl-3-propargylmercapto-1,2,4-triazine-5-one 3 and 4-amino-3-propargyl
mercapto-1,2,4-triazole derivatives 6 were afforded 1,2.4-triazino[3,4-b][1,3.4]thiadiazines 4 and 1,2,4-
triazolo[3,4-b][1,3,4]thiadiazines 7 in presence of heteropolyacids, H;,[NaPsW,,MoO, ] and H,P,W O,
in high yields. Among used heteropolyacids, the yields were higher with H,,-PsMo, caused to their high

acid strengths.
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INTRODUCTION

1,2,4-Triazolo[3,4-b][1,3,4]thiadiazines and 1,2,4-tria-
zino[3,4-b][1,3,4]thiadiazines constitute two classes of
compounds interesting from view points of chemical
reactivity [1-5] and biological activity. Antibacterial [6-8]
and anti-inflammatory [9], antivirial [10,11], antitumor
[12,13], and antifungal [14] activity, as well as interesting
CNS depressing activity [15] has been reported for certain
of the derivatives. Due to their importance, the synthesis
of these compounds is interested for the discovery of
improved protocols towards milder and high yielding
approaches.

We have recently reported the preparation of 1,2.4-
triazolo[3,4-b][1,3,4]thiadiazine 8 (R=Ph), by refluxing 4
in dimethylsulfoxide for 5 min and in presence of lithium
hydride as a base by 60% yield [16]. We have also
reported cyclization of compound 5 with a catalytic
amount of PdCL,(PhCN), by reflux in acetonitrile for 6
hours (40% yield ) [17] .

Green Sustainable Chemistry (GSC) is, in a word,
chemistry and chemical technology for environ-
mentally friendly products and processes. Green
chemistry has been defined as a set of principles that
reduces or eliminates the use or generation of
hazardous substances throughout the entire life of
chemical materials [18,19].

In this regard, heteropolyacids attracted considerable
amounts of interest due to their properties like, being less
toxic, safety, quantity of waste and separatability in
addition of possessing higher acidity [20-22].

Heteropolyacids are widely used in variety of acid-
catalyzed reactions such as esterification [23],
etherification [24], hydration of olefin [25], de-
esterification [26], dehydration of alcohol [27] and
polymerization of tetrahydrofuran [28] in homogenous
and heterogeneous systems. In continuation of our
attempts to develop selective and preoperatively useful
methodology, based on using various heteropolyacids
as green catalysts in various organic reactions [29], we
wish to report a rapid and convenient method for
synthesis of 1,2,4-triazolo[3,4-b][1,3,4]thiadiazines and
1,2,4-triazino[3,4-b][1,3,4]thiadiazines.

RESULTS AND DISCUSSION

4-Amino-6-methyl-1,2 4-triazine-3(2H)-thione-5-one
[30] was condensed with propargyl bromide in the
presence of sodium methoxide to afford the corresponding
3-propargylmercapto derivatives 3 (Scheme 1) [31a].
Cyclization of 3 could not be undertaken in either aprotic
or protic solvents at their refluxing temperature.

We have recently described the use of Pd-salt for
implementation of sequential carbometallation anion
capture [31b-31d] and catalyzed intermolecular
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cyclization and functionalization of acetylenes [17].
Armed with these experiences, compound 3 had been
refluxed with a catalytic amount of PdCI,(PhCN), [32] by
reflux in acetonitrile for 6 hours to give compound S in
40% yield.
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Herein, we used heteroployacids (HPA) for inter
molecular cyclization of 4-amino-6-methyl-3-propargyl-
mercapto-1,2,4-triazine-5-one 3 and 4-amino-3-propargyl-
mercapto-1,2,4-triazole derivatives 6.

4-Amino-6-methyl-3-propargylmercapto-1,2 4-triazin-5-
one 3 was refluxed in acetic acid with a catalytic amounts
of HPA for 2 hours. Heteropolyacides are separated by
filtration and the products were purified by recrystalizing
from ethanol. The yields are shown in Table 1.
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Such a cyclization and isomerization has been reported
on similar heterocycles compounds (6-methyl-3-pro-
pargylmercapto-1,2,4-triazine-5-one, 2-propargyl mercap-
to-1,2,4-benzotriazine, 2-propargylmercapto-pyrimidin-
one) by using conc H,SO, by our group [33-34].

This function of HPA, in attention to acidity of these
catalysts was expected [35]. In comparison with the
presently synthetic methods [17] which show drawbacks
from the standpoint of yields, price and limited
availability of catalyst [PdCL,(PhCN),], the efficiency of
the present method is apparent from the inexpensive, safe
and stable, easy to handle HPA and its high rate as well as
its high yield with a back of side products.

Whereas HPA were effective catalysts for cyclization of
compound 3, we were persuaded to study using this
catalysts to synthesize similar systems like 1,2,4-triazolo-
[3,4-b]-1,3,4-thiadiazines.

4-Amino-3-propargylmecapto-1,2,4-triazol derivatives
6 were prepared by the same procedure for compound 3
(Scheme 2). Then, it was refluxed in acetic acid using
HPA's as catalyst. The reaction was monitored by TLC
and the work up was the same as mentioned in the
experimental section. The products were identified by 'H
NMR, Mass and IR and were compared to those reported
before [16]. In 'H NMR spectrum of these compounds the
methyl protons belong 1,3,4-thiadiazine moiety and vinyl
proton were appeared in 2.6 § and 4.5 6 which confirmed

Table 1

Catalytic synthesis of 6-Substitued-pyrazolo[3,4-d]pyrimidn-4(5H)-ones 4.

Compd. R Reaction Reaction Time
Time (min) (min)

4 Me 120 120

Ta Me 120 120

7b Et 120 120

Tc H 120 120

The reaction was monitored by TLC and subsequent
workup afforded a single TLC compound. From the
spectral data, 'H NMR, Mass and IR as well as
comparison with authentic samples, it was identified as
the structure 4. It's '"H NMR showed signals at 2.2 § and
2.65 & for the two methyl groups and 4.65 & for one vinyl
proton. By elucidation of the structure, it can be assumed
that HPA catalyzed cyclization of 3 to 4 proceeds via
direct attack of the amino group to the acetylenic bond
activated by proton coordination of HPA, followed by
isomerization to convert the methylene moiety to a methyl
group. The isomerization of 5 to 4 can occur by the
catalytic action of HPA in high yield. The results show
the best catalyst is the Pryssler catalyst,
H,,[NaPsW,,M00,,,] (Table 1). This kind of acid
catalyzed isomerization by H,SO, has been reported
previously [33].

Yield (%) Using Yield (%) mp(°C)
HP,W 5040 Using
H ,[NaPsW,MoO, ]
72% 83% 198
83% 86% 215-7
70% 76% 242-4
65% 75% 205-7

the structure 7. The mechanism must be the same as that
which is expected for the synthesis of 4.

Scheme 2
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Attempted cyclization of 6 (R=Me) using LiH in
DMSO led to 8 in 60% yield [16]. Although the
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Table 2
H'-NMR, Mass and IR Spectral data for 4.

Compd. m/z IR V™™ cm™'(KBr) H'-NMR &(ppm) Molecular
Formula N H C
196  3490,1687,1460,  (ds- DMSO), 2.2 (3H,s, CHs), 2.65 (3H,s, CHN,O, 2852 410  42.82
4 M9 1235 CH,) 4.66 (1H, 5,CH), 5.8 (s, 1H, NH,
exchanged with D,0).
168 3300,1620,1490, (CDCly),2.6 3H,s,CHy), 2.7(3H, s, CHy), 4.5  CHN,S 3326 453  42.50
7a MY 1300, 1280 (1H, s,CH), 5.6 (s, IH, NH, exchanged with
D,0).
182 3100,3050,3000, (CDCly), 1.39 3H, t, CHs), 2.93(2H, q, CH,),  GH,N,S  30.65 548  46.13
7b (M) 1475,1450,1320, 2.6 (3H, s, CHy), 4.5 (1H, s,CH), 5.64 (s, 1H,
1280, 710 NH, exchanged with D,0).
154 3200,3050, 1480,  (CDCly), 2.65 (3H, s, CHs), 4.5 (1H, s,CH), CHN,S 3612 354 3867
7e (M) 1400, 1180,650 5.6 (s, |H, NH, exchanged with D,0), 8.42
(1H,s, CH).
conversion rate showed was less compared to the reaction ~ collected by filtration, washed with water, dried and

with LiH, additional advantages due to ease of handling
HPA still makes this method more favorable.

The catalysts based on heteropolyacids have many
advantages over acid and base liquid catalyst. They are
not corrosive and they are environmentally benign,
present fewer disposals problem and easy for separation
and have thermal stability.

The comparison of the results shows HPA not only
catalyzed this kind of reaction, but also showed more
advantages compared with using Pd (II) or in acidic and
basic media. In study of reaction progress with TLC, we
found that the conversion rate and yield were affected by
catalyst structure. Among the used heteropolyacids, the
yields were higher with H ,-PsMo, due to their high acid
strengths. This result is in agreement with earlier works
[29a, 291, 29]].

In acid-catalyzed reactions several types of acid sites
are present [20][33-34]. They are including: proton sites
in bulk heteropolyacids, Lewis acid sites in their salt form
(metal counteractions), proton sites in acidic form and
proton sites generated by partial hydrolysis of polyanions.
Generally reactions catalyzed by heteropolyacids may be
represented by the conventional mechanisms of Brgnsted
acid catalysis. The mechanism may include the
protonation of substrate by conversion of the ionic
intermediate to yield the reaction product [33-34].

EXPERIMENTAL

General procedure for the synthesis 1,2,4-triazolo[3,4-b]-
[1,3,4]thiadiazines and 1,2,4-triazino[3,4-b][1,3,4]Thiadiaz-
ine. A solution of 3 or 6 (0.9 mmol) and appropriate
heteropolyacid (0.04 mmol) in acetic acid (10 mL) was refluxed
for 2 hours. The catalyst was removed by filtering and washed
with warmed acetic acid (the catalyst is not soluble in acetic
acid).The catalyst was washed with diethyl ether after filtration.
It could be reused and subjected to a second run of reaction. The
yields of product were almost identical to yields obtained by
using fresh catalyst. The filtrate was cooled and the solid was

recrystallized from ethanol to give pure product 4 or 7 (Table 1).
All compounds were characterized by Mass; IR and '"H NMR
spectra (Table 2).
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